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PROCEEDI NGS

(8:30 a.m)

DR. PURI: Good norning and wel cone to
t he FDA and NCI workshop on Tunor Vaccines. M nane
is Raj Puri and I"'mthe scientific and the clinica
review and Chief, Laboratory of Molecular Tunor
Biology in the Division of Cellular and Gene
Ther apy, Center for Bi ol ogics Evaluation and
Research, Food and Drug Adm ni stration

Before we begin, I'mrequired to say to
you sone of the housekeeping rules. No standing or
sitting is allowed in the aisles by order of the
fire departnment. There are two fire exists, one to
the left of the stage which enpties out in the front
of the NIH Library and the other through the main
doors in the back

Complinmentary refreshnment breaks will be
provi ded each day of the neeting. The refreshnment
station wll be set up in the main |obby area of
Buil ding 10, not far fromthe Masur Auditorium

Due to the amount of traffic throughout
the building, we ask that you please wear your nane
tag as conference identification when participating

in the refreshnment breaks. Signs are posted.
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Pl ease note that no drinking or eating
is allowed in the auditorium

Now | woul d like to take this
opportunity to thank our distinguished hosts, Dr.
Zoon, Dr. Sei gal and Dr. Ed Liu and our
di stinguished invited speakers, panel discussion
partici pants, poster presenters and of course, the
audi ence, for taking tinme off from your very busy
schedules to participate in the discussion of sone
of the inportant old and sone of the new issues in
t he tunor vacci nes.

According to the latest Pharnaceuti cal
Manuf acturers Associ ati on Bi ot echnol ogy News, there
are 350 new bi ot echnol ogy nedicines in devel opnent.
Among 350, 171 are for cancer. Seventy-seven
vaccines are in development and a significant
proportion of them are therapeutic cancer vaccines.
Thus, there is a trenendous interest to cancer
vacci nes and ot her product devel opnment for cancer.

It is our hope that at this workshop we
w Il hamer out sonme of the inportant deficiencies
that m ght be inpeding the rapid progress of tunor
vacci ne product and clinical devel opnent.

| would now |ike to introduce our first

and highly distinguished speaker, Dr. Kathryn Zoon
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Director of the Center for Biologics Evaluation and
Research, one of the six centers of the Food and
Drug Adm nistration. The Center is responsible for
assuring t he safety, purity, pot ency and
ef fectiveness of biological products used for
prevention, diagnosis and treatnent of disease.
Towards this goal, CBER conducts vital scientific
research, est abl i shes witten and physi cal
standards, regulates the testing of investigation of
pr oduct s, eval uat es appl i cations, |'i censi ng
bi ol ogi cal pr oduct s, perforns post - mar ket i ng
surveillance and insures the continuing safety and
ef fi cacy through conpliance activities.
Dr. Zoon brings to her duties as
Director a distinguished scientific career. After
receiving her Ph.D. in Biochemstry in 1975 from
Johns Hopkins University, Dr. Zoon was awarded a
post - doct or al fellowship at the NH by Nobel
Laureate Dr. Christian Envincent where she pioneered
work on the purification and characterization of
human i nterferons.
In 1980, she joined the Food and Drug
Adm ni stration and continued her scientific research

career as a senior investigator, as a D rector of
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Division of Cytokine Biology and in 1992, assuned
the Directorship of the Center.

Dr. Zoon continue to conduct innovative

research in the field of interferon purification and

characterization. Dr. Zoon is the editor of Journal

of Interferon Research and has received nunerous

awards including the neritorious executive rank
award for Sustai ned  Superior Performance in
revitalizing and reorganization the Center for
Bi ol ogics, Evaluation and Research to neet the
chal | enges of new responsibilities and goal s.

It gives ne great pleasure to introduce
Dr. Zoon who wll develop welcone remarks and
present conference goals and objectives.

Dr. Zoon?

DR. ZOON: Good nor ni ng. First of all,
I'"d like to welcone everyone to this workshop on
t unor vacci nes. I was reflecting just before the
meeting, this is not a new area. W' ve been working
on
tunor vaccines ever since | cane to the FDA in 1980.
However, | have to say the science has evolved
rapidly and as wi tnessed today by the attendance to
this workshop which you may by |ooking around you

see as close to 500 people is quite inpressive with
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both the scientific interest as well as the progress
we have made in this area.

| would especially like to thank the
organi zers of this workshop. This has been a
tremendous effort to put this together, bringing al
the right people to bear on the issues that we need
to discuss today has been a nonunental job and has
taken the cooperation and really dedication of all
involved in organizing and | would especially Ilike
to recognize Dr. Raj Puri for leading this effort.

We | ook forward to working with the NC
not only on this conference, but many in the future
as they relate to new nedicines for the treatnent of
cancer. This is one area that | think offers
amazi ng prom se and shoul d be expl ored together as a
conbined effort to nake sure that the scientific
standards by which we review these products are
appropri at e.

Recent advances in the identification
and cloning and characterization of tunor-associated
antigens and the isolation and expansion of potent
antigen-presenting cells such as dendritic cells has
generated renewed scientific interest in the

devel opnent of tunor vaccines. A nunber of clinical
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protocols have advanced to Phase 3 stages of
devel opnent .

Al t hough nethods for characterization of
cloned antigens or synt hesi zed peptides are
avai | abl e, nethods for physiochem cal and functional
characterization of whole cell vaccines, tunor cell
| ysates, polyvalent tunor antigen preparations,
antigen presenting cells and other «cell-derived
vaccines are not well defined. For all biol ogica
products, general regulatory principles apply. For
these products safety, purity, potency and efficacy
wi |l be needed for |icensure.

Sone of the above-nentioned products
pr esent uni que chal | enges in terns of
characterization of identity, purity, potency as
conpared to sone other biological products. For
aut ol ogous tunor cells such as vaccines safety,
identification of major cellular conponents, and
potency tests have not been fornmalized. The
consensus on the appropriate imunophenotypic and
functional characteristics of dendritic cells has
not been reached.

Moreover, significant clinical issues

remain to be addressed in the area of biological
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i mmunol ogi cal assessnents as well as other areas in
terms of their clinical applications.

Optim zation and standardization are
needed to devel op acceptabl e i mmunol ogi cal outcones
to guide the conduct of |ater phases of clinical
trial devel opnent.

Prior to proceeding to random ze Phase 3
trials, particularly in the adjuvant setting, it is
appropriate to require evidence of clinical activity
or what effects on i mmunol ogi cal surrogate endpoints
be sufficient.

The FDA and the National Cancer
Institute share a conmmon goal to pronote devel opnent
of safe and effective therapies for human cancer in
a tinely manner. This conference is designed to
address several nmjor points. First, to bring
together scientists, clinicians and regulators
devel oping or helping to develop cancer vaccines
products with the objective of being able to reach
an understanding of issues involved 1in the
characterization of tunor vaccines, the need for
acceptable identity potency tests and clinical
endpoi nt s.

Second, identify when these issues need

to be addressed in product devel opnent. Third,
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provide a forum for open exchange of ideas and
product devel opnent for cancer vaccines and in the
design of clinical trials and to understand the FDA
regul at ory process.

I personally look forward to the
outcones of this conference. |'msure they will be
extrenely hel pful in providing the framework for the
future licensure of these tunor vaccines.

Thank you very nuch.

(Appl ause.)

DR. PURI: Thank you, Dr. Zoon for very
ni ce conmments. |'"'m delighted to introduce our next
di stingui shed speaker, Dr. Edison T. Liu, D rector
of Division of dinical Sciences of the National
Cancer Institute.

Dr. Liuis responsible for directing the
internal clinical prograns in cancer. Dr. Liu
obtained his college and nedical degrees from
Stanford University. Prior to being recruited as
Director, Dr. Liu served as a nenber of NCI Board of
Scientific Advisors.

In 1995, he was nanmed Chief, Division of
Medi cal Genetics at the School of  Medi ci ne,

University of North Carolina at Chapel HIl, where
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he was a professor in the Departnents of Medicine,
Epi dem ol ogy and Bi ochem stry.

From 1993 until 1996, Dr. Liu was
Director of NCI Designated Specialized Prograns of
Research Excel |l ence in Breast Cancer.

Dr. Liu possesses excellent scientific
career and has contributed nore than 80 papers in
the literature.

He's a nmenber of nunerous national
societies and serves as Associate Editor for Breast
Cancer Treatnent and Research and Cinical Cancer
Resear ch.

He's an editorial board nenber of

journals naned Breast, Leukema and Journal of

Clini cal Oncol ogy.

In 1996, Dr. Liu received Susan G Konen
Breast Cancer Foundation Award for breast cancer
research. This breast cancer research award was
granted to himon his studies on signaling nolecul es
i nvolved in breast cancer and | eukem a.

This norning, Dr. Liu wll deliver
keynot e address for this workshop.

Dr. Liu, please.

DR LIU | want to welcone all of you
to the Bethesda canmpus of the NIH and | nust say
SAG CORP.
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that | look very nuch forward to the proceedi ngs of
today's neetings since we all encounter the sane
i ssues and sane problens in the intranmural program
i n our vacci ne devel opnent.

| nmust state from the outset that quite
boldly that I am not an inmmunol ogist and | profess
to have assiduously avoided tunor immunology for
nost of mny scientific career. "1l admt to you
that as a nedical student | approached Reut's
textbook in Imunology with the sanme foreboding as

readi ng Joseph Conrad's Heart of Darkness.

(Laughter.)

Thus, | viewed this very kind invitation
by the organizers and by Raj to deliver this keynote
address for this workshop on tunor vaccines with a
m xture of surprise and anusenent. However, after
sonme discussion with him | surmsed that what the
organi zers sought were thoughts from an inpartial,
but interested observer, not unlike de Tocqueville
as he rummaged t hrough the post-Revol utionary War in
Anerica or even Walter Cronkite commenting on the

space program

Viewed in this light, | found the
challenge too tantalizing to refuse. W live in
truly remarkable tines. Qur knowl edge  of

SAG CORP.
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i mmunol ogi ¢ fundanentals, coupled with the ability
to measur e bi ol ogi c nol ecul es at pi conol ar
concentrations and to produce precise nolecularly
agents as well as to anplify specific inmune cells
are making tunor vaccines a clinical reality.

However, your very success has uncovered
a unique set of clinical problens rarely seen in the
devel opnment of standard cancer therapeutics. | have
full confidence that your imrunological community
wll solve the basic scientific questions pertinent
to tunor vaccines because the standards are clear
and there is a consensus as to what is acceptable
scientific process to address these questions.

However, the <challenge is in noving
these mature basic concepts and i mmunol ogi ¢ reagents
into clinical testing. Unl ess these problens are
properly and carefully addressed,the prom se of
opti mal I mmunol ogic therapies reaching cancer
patients will be forestall ed.

In nmy recent sojourn through the field
of tunor vaccines | have been struck by several
observations that distinguish vaccine devel opnent
from the devel opnent of other cancer therapeutics.

May | have the first overhead, please?

SAG CORP.
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First, there are too nmany possible
reagents to be tested for the nunmber of eligible
cancer patients. Secondly, there is no consensus as
to the nost appropriate test for immunol ogic
monitoring and to follow on the heels of that, there
is little consensus as to even what biologic
endpoints are acceptable in validating tunor
vacci nes. Could they be inmunol ogic responses as
internmedi ate markers or tunor responses and when we
tal k about tunor responses, we ask what ki nd.

There is also, I t hi nk, too nuch
religious zeal based on preclinical belief systens.
All these I'll be addressing.

Addr essi ng t he first poi nt, t he
availability of vaccine reagents are absolutely
staggering, at Jleast to sonebody who has been
working in signal transduction as it relates to
chenot herapeutic agents. It seens that nmany
nmol ecul es, properly processed and presented can be a
tumor antigen and that in vitro nodifications of an
antigenic peptide can render that peptide even nore
i mmunogenic, just MART 1, GP100, tyrosinase, P53,
RASP, BCR able, MJCl1l, PSA, CEA and HER 2 are just a

few agents that are already in clinical trials.

SAG CORP.
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Moreover, the synthesis of inmunizing
reagents from peptides to naked DNA is relatively
easy as conpared to the chemcal synthesis of
chenot herapeutic agents. This encourages the
production of a large variety, not necessarily a
|arge quantity, but a large variety of vaccine
reagents and this problemis further conpounded by
the proliferation of imuno adjuvants such as GVCSF
and |L-2 and of <co-stinulatory nolecules. The
comonatorial possibilities of these clinica
reagents are clearly unbelievable.

Another issue is the restricted nature
of how antigens bind to specific MXC nolecules. In
effect, this significantly reduces the nunber of
eligible patients for any vaccine trials since HLA-
1, HLA-2 or HLA-3 all may have different epitopes
that it presents.

This nunber is further reduced by the
fact that only those cancer patients with intact
i Mmmune systens are expected to achieve maxinum
benefit from tunor vacci nes. This | ast belief has
prevented the application of hard-nosed go, no go
decisions comonly used in the prioritization of
chenot herapeutic agents. Vaccines that give no

therapeutic responses are often excused by the
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statenent if we only tested our imunogen on
patients with earlier cancers.

G ouping the second and third points, |
have found it peculiar that despite the vast
know edge base in inmunology, scientists cannot
agree on the acceptable endpoints for the clinica
val i dation of tunor vaccines. Should there be tunor
shri nkage? | ncr ease in timed progr essi on?
Reduction in relapse and adjuvant treatnent trials
or sinply a laboratory imunol ogic response such as
generating a cytotoxic
T-cell response or increase in precursor frequency?

Whereas nost, but not all, would agree
that the gold standards could be tunor shrinkage
and/or the generation of cytotoxic t-cells specific
to autol ogous tunor, certain realities may preclude
the use of these paraneters.

For exanple, the inability to access and
to grow autologous tunor cells severely limts this
nmonitoring approach in comon cancers such as
prostate cancer. Thi s t hen mandat es t he
avai lability of intermediate inmunol ogic endpoints
and as nmentioned before, unfortunately there doesn't

appear to be a consensus of which endpoints are
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acceptable as an indication of a positive |aboratory
response.

Peculiarly, very few academ c
investigators would be wlling to kill a specific
vaccine program based on poor performance as
measured even by the gold standards, possibly
because there are just too nmany theoretica
pl ausi bl e excuses for a nonresponse. For exanpl e,
and | think all of you have either heard or given
t hese excuses --

(Laugher.)

-- the patients are too inmmunol ogically
conpr om sed. W just don't know what the right
| aboratory test is. The wong cytokine was used as
an immuno adjuvant. There is a better formyet to
cone of the failed antigen NM pipeline.

This then leads us to the third point
and one that is both anmusing and troubling as a
noni munol ogi st observer and that 1is how nmuch
religious fervor is invested in the specific vaccine
appr oaches? My friend and coll eague Matt Cheaver
stated beautifully in a recent tal k when he conpared
the current debates in clinical tunor vaccine field
in theologic terns. He observed that tunor

i mmunol ogi sts are all of one religion, centered on
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the belief that tunor vaccines wll work. But that
this religion is broken up to mny sects, al
proclaimng to be true believers. These sects arise
from students of influential nentors and from
experience with specific experinental systens, that
experienced scientists who conduct their animal and
invitro studies wwth iron clad rigor would not only
accept, but chanmpion results from substandard
clinical investigators is sociologically anusing.

However, that we spin wheels by not
setting firm endpoints for go, no go decisions in
clinical trials because of our personal belief
systens only is |I think scientifically unacceptable.

These sound like serious problens for
clinical tunor vaccine devel opnent. However, |'m
actually very, very sanguine about the future of
your field, partly because I'mnot init.

(Laughter.)

In actual fact, this is because from ny
vantage point the critical issues that |[|'ve just
outlined to you facing the field are not fundanental
scientific roadbl ocks. The basic buil ding bl ocks of
your theology are real. But organi zational problens
relating to standards and priorities persist. The

standards and priorities are set by consensus which
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basically means that the vaccine conmmunity has
really the solutions at hand. You just have to get
toget her, spend tine, discuss and have di scipline.

You mght want to consider through
wor kshops like this the devel opnent of consensus of
what | aboratory tests may direct the devel opnental
stream and | know that that is the goal of this
wor kshop.

Details should include which |aboratory
par anet ers agai nst what gold standards and how t hese
| abs are perforned. You mght also consider
devel opi ng an i nmmunol ogi ¢ conpetence gradi ng system
akin to the Karnofsky status that we use in cancer,
or the CD-4 counts used in ADS treatnent, so that
clinical vaccine trials can be rationally conpared
and the condition of the patients on entry
st andar di zed.

Next overhead, please. Lastly, you
shoul d seriously consider creative and clearly out
of the box approaches to clinical trials design that
may overcone sone of the problens stenm ng fromtoo
many reagents and too few patients.

It s possible to test ~-- it is
inpossible to test all the theoretically pertinent

conbi nations of inmunogen adjuvant di sease state and
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i mmuni zing reginmen especially in Phase 3 studies.
| nst ead, we need expedited approaches to interrogate
the efficacy of specific conbinations.

Gven that nost vaccines have |ow
toxicity, should we not Iimt the goal of a Phase 1
vaccine study to be sinply dose finding, using a
| aboratory endpoint wthin plausible ranges? Nove
desi gn approaches such as random zed Phase 2 trials
and |I've listed sone of the articles that you m ght
want to read permtting less stringent false
positive rates that is using P value, acceptable P
values of .1 or .2 and not relying on .05 and nore
stringent fal se negative rates, a beta of .01 nmay be
in order.

Factori al desi gn to acconmodat e
conbinations in a nost parsinonious way and
sequenced random zed Phase 2 studies wll permt the
use of fewer patients per treatnent arm

Qobviously, sonme of these approaches
should be used only in the initial exploration of
optimal conbinations with the testing of optimzed
reginmens and standard Phase 3 studies. And
certainly, you'll want to nmake sure that the FDA and
other regulatory agencies buy into this concept.

But using these design approaches in sone cases, at
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| east theoretically as outlined in these articles
reduce the patient requirenments by many fold.

Dr. Richard Sinon who actual ly pioneered
many of these concepts who | believe will be a
menber of the workshop and | suggest that you talk
to himabout sone of these ideas.

Earlier on | made the disclainmer that |
am not an imunol ogist, as an honest appeal to be
gentle on ny comentary. However, | al so know t hat
such a disclainer did not help R chard N xon when he
said, "I amnot a crook."

(Laughter.)

So will gratefully accept any criticism
as an opportunity to learn and learn for ny division
who does a lot of clinical trials and vacci nes.

Deep down inside, however, | am very
jealous of you for working in a field that is likely
to produce a nontoxic therapy where the clinical
investigations are steeped in nechanism based
science and where there are so many chal | enges that
can be readily overcone.

Thank you very nmuch. | hope you have a

good conference.

(Appl ause.)
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DR. PURI: Thank you very nuch, Dr. Liu.
| think Dr. Liu has set the stage of the nmjor goals
of this workshop and we hope that we'll be able to
achi eve sone of those in two days of workshop.

Before | introduce our next speaker for
plenary talk, |1 wuld like to pass along a few
addi tional housekeeping information for you. Please
note that we wll have a poster session schedul ed
for viewng today beginning at 5:30 pm to 8 p.m
This session will be held in the sane area where the
refreshnment breaks are held. There are 18 posters.
Sonme of themare invited posters.

| would like to thank poster presenters
for your participation and sharing your data wth
all of wus, particularly in a very, very short
noti ce. All poster presenters are requested to be
present at their posters from 5:30 p.m to 8 p.m
today, although the posters will be left in place
for additional viewng tonorrow until 3 p.m, but
poster presenters are not required to be there
except for today.

Pl ease note that lunch will be on your
own each day. The first floor cafeteria on the
basenent |evel and the second floor cafeteria wll

be open. There are additional cafeterias in the
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canpus, building 31, building 45 and building 1.
They are located about 5 mnutes wal king distance
from here. It may take slightly |onger because

there is a lot of construction going on around the

canpus.

The map of the canpus is provided at the
Regi stration Desk. Pl ease |ook for these at the
Regi stration Desk. If you should need further

assi stance t hroughout the workshop, please feel free
to speak to anyone at the Registration Desk or with
ne.

Now it gives ne great pleasure to
i ntroduce our speaker for the plenary talk today,
Dr. Ralph Steinman. Dr. Steinman is a professor and
senior physician in the Laboratory of Cellular
Physiology and |Imunology and Henry G  Kunkel
Professor at the Rockefeller University. After
obt ai ning his nedi cal degree from Harvard University
and nedical training at Mass. General Hospital and
research training at Rockefeller University, Dr.
Steinman has held various positions at t he
Rockefel l er University. Dr. Steinman is an editor
and advisory editor of sever al di sti ngui shed

scientific journals including editor of Journal of

Experimental Medicine. He's a nenber of nmany
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national and international societies and scientific
advi sory groups of many national and internationa
panel s and institutes.

Dr. Steinman has served as a chairperson
of several keystone synposia including one on the
dendritic cells. Dr. Steinman has given nunerous
honorary | ectures and received various distingui shed
national and international awards.

This vyear al one, Dr. Stei nman has
recei ved Fol ey nedal from Cancer Research Institute,
honorary doctorate from University of Innsbruck,
Austria and Max Planck award from Al exander von
Hanbl e Foundati on.

Dr. Stei nman has done pioneering work on
dendritic cells. As we know, that it is DC that has
gener at ed a new t r emendous i nt er est of
i munol ogi st s. The review article by Jacques
Banchereau was also a speaker and present in the
audi ence today. And Dr. Stei nman published in
Nature this year and it has becone an inportant
article referring to dendritic cells.

Wth this note I would like to invite
Dr. Steinman to tell us everything about dendritic
cells and the antigen presentation.

Dr. Steinman, please.

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

25

DR. STEI NVAN:  Thank you very much, Raj.
Thank you for bringing so many right people to the
right place at the right tine.

You know t he joke, |adies and gentl enen,
about the role of plenary speakers at neetings.
It's a bit like a corpse at a funeral. You have to
have one, but you don't expect them to say very
nmuch.

(Laughter.)

"1l try to overcone that reputation,
but who knows.

I'd like to actually discuss three
topics that we're going to be considering in the
next two days. One are sone results, the first
results in our lab on the active immunization of
humans, particularly volunteers, normal, healthy
adults with dendritic cells. This work has been | ed
by N na Bhardwaj and WMadhav Dhodapkar at the
Rockefeller and we're working closely with GCerald
Schuler in Erlangen in Germany.

Then | want to | ook at the processing of
cellular derived antigens by dendritic cells. There

are many different fornms of <cells that can be

handl ed by dendritic cells. 1'lIl be going over the
work at Kayo Inaba and | have been doing in the
S A G CORP.
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mouse and ['ll refer also to the work of N na
Bhardwaj, Birthe Sauter and Matthew Al bert in the
human.

And the third topic | want to think
about with you is the manipulation of dendritic
cells in vivo. | know this conference is dedicated
to the use of ex vivo manipulated dendritic cells,
but ultimately we really want to go to the dendritic
cell as it exists in situ and we certainly have to
keep in mnd their physiologic features as we design
ex vivo studies.

Now before getting into these three
topics | thought I'd just rem nd us of a few things.
The first is that -- is diagrammed  here.
| munol ogi sts often are able to identify antigens,
clinically significant anti gens, but we |ack
adjuvants, to wuse those adjuvants to properly
control the imune system

Mel anoma is certainly the best exanple
in human cancer. W have |lots of candi date antigens
and we need to know how to use these antigens to
elicit strong T-cell nmediated inmmunity wth the
assunption that if we were to do that, we'd have a

significant anti-tunor effect.
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HV is the classic exanple now of a
chronic viral infection where we've known of severa
antigens for so many years and yet we still don't
have a candi date vaccine. That neans we still don't
have a way of actively inmmunizing individuals to
H V-1. And then there's the reciprocal thing in
autoi munity, particularly a disease like insulin
dependent di abetes where we're going to be
identifying auto antigens and we're not going to
know how to use those antigens to turn the immne
system of f.

So the potential role of the dendritic
cell system is to give us a new way of using
particular antigens or <cells to nmanipulate the
I mmune system

The reason they're so attractive at this
stage, | guess can be boiled down to these three
poi nt s. One is that they're very potent, that is,
relatively small nunbers of cells, relatively smal
anmounts of antigen induce strong T-cell nediated
i mmunity. And all kinds of T-cells immunity,
depending on the type of antigen and the type of
stinmulus that's delivered with the dendritic cell.

They prinme T-cells. They initiate

immunity both in vitro and in vivo and they do this
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wi thout any other adjuvant. They are nature's
adj uvant .

And then finally is that this is the
physi ol ogic system that can be used to manipul ate
the i nmune response. And let's just go over sone of
these features of their physiology. They're |ocated
at body surfaces. The best studied are the skin and
the lung and what you're |ooking at here in brown
are the dendritic <cells in the rat ai rway
epithelium This is a mcrograph that was given to
me by Patrick Holt. And you see that relative to
t he nunber of the nuclei stained in blue, the nunber
of round dendritic cells isn't very great. The
actual nunmber in there, the epitheliumisn't known,
but it's relatively small. But their size and their
distribution is just right to pick up antigens that
are entering into the body.

And then, of  course, they're very
abundant in the T-cell areas of the |ynph node
tissue. This is a |low power of a nouse |ynph node.
The blue is a
T-cell marker, CD4 and the brown is the MAC C ass 2
type of antigen presenting nolecule. And what you

see is that the T-cell area is just |oaded wth
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these stellate intensively positive MAC 2 expressing
cells.
And again, there's only one or two percent dendritic
cells in an entire |ynph node suspension, but you
can see that their size and their distribution is
just right for manipulating the T-cell conponent of
t he i nmune response.

Thi s IS J ust a little cartoon
summarizing the distribution of dendritic cells in
vivo at body surfaces in the interstitial spaces of
many organs such as the derms. In the circulation,
particularly the afferent |ynpathatics and in the
| ynph node tissues, particul arly, but not
exclusively in the T-cell areas.

And again, it's known that if one were
to adm nister an antigen into the skin and isolate
these veiled cells as they were first called in the
| ymph they would be carrying the antigen in a form
that's highly inmmunogenic for T-cells. O also if
one injected an antigen into the skin and isol ated
the dendritic cells from the lynphoid tissue they
too would be the main site in which immunogenic
antigen is available for presentation into T-cells.

And then there are the experinents as

we'll go over in a nonment where one takes dendritic
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cells thenselves and pulses them wth antigen and
you can observe themin experinmental animls, hom ng
to the T-cell area and initiating the imune
response there.

Now there are many conponents to this
physi ol ogy in vivo. |"ve just broken down sone of
t hem Their nobilization, that is, how do you
nmobilize dendritic cells from tissues that are
al ready there and how do you increase their nunbers?
Their maturation, this is a conplex process that |I'm
going to cone to next that greatly influences many
of their functions. Their mgration, how do they
know to go to the right place at the right tinme and
then sonmething that 1'm going to end on in ny talk
is their short life span once they're fully mature,
their nortality and I'mgoing to enphasi ze that even
though we're injecting dendritic cells in relatively
small nunbers, in turn, a very small fraction of
these actually make it in a live state to the T-cel
ar ea. So we're working now at a very suboptimal
range in terns of the efficacy of the dendritic

cells we inject.

So a little nmore on this topic of
maturation before | get into these three topics,
it's proper that | introduce before. This is a
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concept that was first described by Gerald Schul er
in studies of Langerhans cells. But it's conme up
again and again with dendritic cells that have been
isolated from various tissues such as the rat |ung,
human bl ood, nouse spleen, the various bone nmarrow
cultures that we're using to generate dendritic
cells and even the bl ood nonocyte systemthat's very
popul ar now. And basically the dendritic cell has
two phases of function, one called i mature in which
it's actively taking up antigens and another called
mature where it's a very potent T-cell stimulator.
| think the term mature, it's just a word, 1is
appropriate because this is the end stage of
dendritic cell developnent. |It's often very short-
lived, living only a day or tw and it's fully
functional in ternms of its characteristic function
that is potent T-cell stinulation.

And it's a cell that we can't convert
into any other cell type so it seens to be the
term nal stage of differentiation.

Now in ternms of antigen uptake there are
a nunber of ways that these i mmture dendritic cells

can capture antigens. Phagocytosis is one of them

and we'll be discussing the uptake of apoptotic and
necrotic cells. They can take up pinocytosis --
SAG CORP.
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they can take things up just by fluid phase
pi nocytosis and lucifer yellow is a convenient
experinmental market, but this is the way dendritic
cells are handling standard sol uble proteins which
are really relatively an efficient way of delivering
antigen and often given in doses of hundreds of
m crogranms, even mlligrans per mnl.

And then there are the nore interesting
pat hways of absorptive uptake and I've only listed a
couple of them but this really does |ook |ike an
expandi ng area in many ways whereby dendritic cells
may selectively bind things. And this may be very,
very inportant in ternms of targeting antigens to the
i mmature stage of dendritic cell devel opnent.

Maturation is induced by a nunber of

t hi ngs, |ipo-polysaccharide being a typical one in
the lab, living bacteria, <certain viruses |I|ike
influenza and then a nunber of i nfl ammat ory

nol ecul es such as IL-1 and nenbers the TNF famly.
The TOL famly has been inplicated because of a
nol ecul e called RP 105 which is very TOL-like inits
structure and antibodies to RP 105 can stinmulate

dendritic cell nmturation.

Now this nmatured dendritic cell IS
really exquisitely differentiated to initiate
SAG CORP.
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i mmunity. They have a nunber of adhesion and co-
stinul at or nol ecul es. These are just a few. They
resist the immuno suppressive effects of |[|L-10.
They express a repertoire of chenokine receptors
that's quite selective and what's interesting is
that the corresponding chenokines are expressed
constituentively in the T-cell area it seens.
And then finally they have very high levels of MAC
pepti de when this being nmeasured directly.
| just illustrate sonme of these features
of dendritic cell maturation. This is the prototype
Langerhans cell and it's stained for MAC Cass 2 in
green and a |lysosomal marker in red. This is the
mat ure Langerhans cell driven just sinply by placing
skin cells in culture and what you see is that nost
of the MAC 2 nolecules are on the surface in green
and that there are relatively few | ysosones.
Now this cell is a very potent
stinmulater on the mxed |eucocyte reactions and

m togen responses and super antigen responses, but

it doesn't capture any soluble antigens. It stopped

endocyt osi ng. It's put out all its MAC onto the

cell surface it seened. But it derives from the

resident immature cell in the skin where it's just

the reciprocal occurs. That is, the MAC 2 is
SAG CORP.
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sitting wthin the vacuolar system in the right
pl ace to accept MAC pepti de. And in fact, sone of
the new nonoclonal antibodies that are being
devel oped to | ook at MAC peptide conplex formation
such as the very lovely reagent that's cone out of
Ron Germaine's lab called C4H3. It's a peptide from
heneg |ysosone presented on nouse MAC 2. You can
follow the formation of MAC peptide conplexes in
dendritic cells. It begins wthin these MAC 2
conpartnents and then noves to the cell surface and
is very abundant there.

So the immture dendritic cell IS
designed to capture and nake MAC peptide conpl exes
and then the mature dendritic cell is the one that
presents these to the T-cell system

And just to look at the expression of
co-stinmulatory nol ecul es this happens to be fromthe
nmouse. A few of themare listed on the X axis here,
CD 86, CD 54, CD 40. And what we're |ooking at are
immature dendritic cells from nouse bone marrow
cultures and then in parallel dendritic cells that
on the last day of culture received a stinulus of an
nanogram from M.PS.

What you see is that the maturation

stinmulus greatly increases the level of CD 86, CD
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54, CD 40 and these are the nmean fl orescent index of
all the profiles in the culture. So this again is
really just the right cell to stimulate the T-cell
Now one | ast introductory slide and that
is the rationale for wusing dendritic cells as
nature's adjuvant has cone out of mny, nmany
experinments in mce which were designed as shown
here. Dendritic cells are renoved from one ani mal,
either fromthe |ynphoid organs or they're grown up
fromprogenitors, particularly the bone marrow. And

then they're charged with antigen ex vivo and then

they're
re-infused into syngeneic aninmals. And what one
observes, initially, was the induction of CD 4

i munity, but several of the people in this audi ence
have pursued this in the context of CD 8 T-cell
i mmunity.

And then there have been nuch prettier
assays of imrunogenicity, that is the induction of
protection against tunors, protection against viral
and bacterial infection and also the elicitation of
autoinmmunity when there's an appropriate auto
antigen being delivered.

Now what was shown in these experinental

systens was that the dendritic <cell that one
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injected was really controlling the inmmune response
so by wusing MAC restriction F-1 animals were
i mmuni zed and if one used parental strain dendritic
cells only those T-cells that saw the MAC of the
dendritic cell that you injected, only those T-cells
were i nmuni zed. So the dendritic cell is not just
schl epping in antigen for the host to present, it's
directly stinmulating the recipient. And it's not
surprising therefore that one typically needs live
dendritic cells to see this i munogenicity.

So now let's get on to human studies.
Now there are many ways that are being used to nake
the dendritic cells. These are diagram of the two
nost popul ar ones, | think. One is to grow them
from progenitors in the CD 34 fraction and the two
key cytokines are GWCSF and TNF although other
cytokines may be used to maintain the progenitors
such as CK ligand and flt3L. And what happens in
these cultures is that the dendritic cells grow up
in these distinctive aggregates and if one | ooks as
the aggregates, they often have their MAC 2 within
these intracellular conpartnents. So this would
seem |like the right stage to be offering them

anti gens.
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| just want to stress the very lovely
work that came from Christophe Coe and Jacques
Bancherau that there may be two types of -- there
are two types of dendritic cells being generated in
these cultures, one with the features of Langerhans
cells and the other which are called nonocyte-
derived dendritic cells or dermal-type dendritic
cells. And we really don't know a | ot yet about the
relative inmmunizing function of these tw types of
cells. The one functional difference that's known,
for exanple, is that at least in a tissue culture
system t hese nonocyte-derived dendritic cells have a
capacity to stinulate B-cells as well as T-cells and
t he Langerhans cells |lack this capacity.
Now the other system that's being used

is the blood nonocyte and this is being expanded

into a typical matured dendritic cell. This is the
one that we're wusing in our studies. It's an
accessi ble population. |It's the nost honobgenous

preparation of dendritic cells that we can nmake in
the lab and it's also the nobst potent. And what's
done is that the precursor population is cultured in
G\ CSF and 1L-4 for several days. W are just using

pl astic adherent cells currently as the precursor
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popul ation so it's enriched in nonocytes, but hardly

pure.

And then you get a cell that has nmany of
the features of an immture dendritic cell. It's
not exactly like the Langerhans cell, but it's not

fully differentiated and to do that we had a
maturation stimulus and for clinical studies we use
j ust a condition nedium that's derived from
nmonocytes applied to i nmune conpl exes. And then you
get the mature dendritic cell. And what's
diagrammed here in black is that that's the cel
that has very abundant MAC 2 on the surface as well
as nenbrane co-stinulatory nolecules and just a few
| ysosones inside the cell in red.

And then there's sone markers whose
function that we don't know, but they're very useful
for nonitoring the maturation process and three of
them are surface expression of CD 83, nenber of
interglobulin super famly, p55 which is a
cytoplasmc protein of unknown function, thought to
be an actin bundling protein by sequence sonvol ogy
and then a new marker that's found wthin the
| ysosomnal system called DCLAMP and it was
identified in DARDA at the tine Jacques Banchereau

was directing that institute. It was recently
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described in a paper in Imunity by Serge Le Bec, et
al .

As | understand it, this marker which
was kindly provided to us by Drs. Le Bec and Sam
Salen, this will be available fromIlnmunotech. It's
an intercellular antigen and the |ysosones of these
mature dendritic cells and it's quite a Ilovely
mar ker .

Just one word about the heterogeneity of
dendritic cells. Heterogeneity is just a word. W
really need to define it in clear ternms and not be
frustrated by it. There are many reasons for it.
Stage of maturation is one of them |'ve nentioned
the possible differences between Langerhans cel
type versus nonocyte-derived dendritic cells and
finally, there's this one that's often called
myeloid v. lynphoid or, by Jung Jin Lu, DC-1 versus
DC- 2.

This distinction is the one we have the
| east handle on right now, but it could be very
inportant. The idea is although there's still not a
lot of data, is that the Ilynphoid cell is nore
specialized for imune regulation and possibly
del etional tolerance rather than inmune activation.

So we still don't have our hands on buckets of
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| ymphoi d-type dendritic cells, but this may be an
inmportant thing for the future.

Ckay, so here's what our cells 100k
Iike. They're large, stellate, actively notile
cells and we've selected the mature stage for our
studi es because the mature dendritic cell is the one
that presents peptides very efficiently to CD38
positive autol ogous T-cells.

Now the point is that when these cells
are cultured in the absence of the cytokines in
whi ch you reared them they maintain this shape and
their -- all the differentiated functions that |
out | i ned. And that's very inportant. In other
words, they appear to be termnally differentiated.

This is just a look at sonme of their
features. M.LR stinulation, even though it seens
like a relatively crude assay is really a very
reliable one. These mature dendritic cells at very
| ow doses, | ess than one dendritic cell per thousand
all ogenic T-cells stinulate very strong MLRs, easily
greater than 50,000 counts, neasured at Day 5 of the
M.R, not the usual Day 7. So they're very potent
stinmulators and really all the patients that we have
studi ed give you dendritic cells that stinmulate MRs

li ke this. W have a standard T-cell donor as our
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allo, but frankly, alnost all allogeneic T-cells
will give you the sane results.

This is just the phenotype of the cells
and | was a little upset, but these have been gated
for the large <cells and we have small cel
contam nati on because we're using adherent cells as
the starting population and the frequency of small
cells in our preps is anywhere from 15 to 75
percent. But the large cells reliably have this
phenotype. The background is less than a | og on the
facts. CD83 staining is very strong on nost of the
cells, generally over 95 percent of the cells and
the levels of HLA-DR and CD86 are very high. Thi s
is a directed i munol abel .

And then CD14 which was pr esent
initially at high levels on all he nonocytes can't
be detected either on the cell surface or
intracellularly.

kay, so now for the study. W' ve
injected about 2 mllion mature nonocyte derived
dendritic cells subcutaneously in the upper arm
They' ve been pulsed wth KLA as a primng protein,
tetanus toxoid as a boosting protein or the
influenza matrix peptide that's i nmmunodom nant on

HLAZ2. 1.
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And then controls, as I'lIl go over in a
moment are to first inject the patient wth
dendritic cells that have not been pulsed wth
antigen or we have given just antigen in the absence
of dendritic cells to four individuals.

W pulse the antigens on during the
mat urati on phase, that final tw days of culture in
t he nonocyte condition nedi um

And then this is just the little schema
of when we neasure i nmmune responses and the various
phases of the study. First, there are base line
studies where we neasure inmmune responsiveness by
the various paraneters that 1'Il go over, at |east
two and wusually four tinmes over a several nonth
i nterval

Then we give the <control dendritic
cells, that is, those that don't have any antigen on
them and we neasure the immune paraneters again at
Day 7 and Day 30 and then we gave the antigen pul sed
dendritic cells and | ooked at the responses at Day
7, 30 and beyond. And we've just done a single
primary injection so far in nine healthy adults.

So this is what all the volunteers did
in response to KLA We're neasuring the

proliferative response to KLA just in PMBCs taken
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from the vol unteer. And you see we use 10 in 1
m crogram per nl of antigen. W find at higher
doses there is a proliferative response from the
preparation we wuse wthout any primng of the
i ndi vi dual . So you see here are several base line
pre-injection values are relatively low follow ng
the control dendritic cells. There's no change and
then when you give the KLA pulsed dendritic cells,
you see a nice boost in the proliferative response,
including to a very |ow dose of antigen a m crogram
per m .

And then these are proliferating cells,
are CD4 positive because if you deplete CD4 positive
cells prior to assay you | ose the response.

And so this is the summary data for al
nine individuals, D1 through 9, neasured pre-
injection following the injection of control
dendritic cells or followwng the injection of KLA
pul sed dendritic cells. And you see that all nine
i ndi viduals show a nice injunction of KLA specific -
- KLA dependent proliferation.

The four individuals who received KLA
only. This was a dose of 4 mcrograns. Were not
pri med. And the dose of 4 mcrograns was chosen

because that woul d be the dose of KLAs that woul d be
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present in the inoculant if we had not washed the
cells at all prior to injection.

Now we've also |ooked at the CD8
response by virtue of having the influence of matrix
peptide on these dendritic cells and many of our
donors were HLA2.1 positive so they could respond to
the matrix peptide and several were HLA2.1 negative
so that they shouldn't respond to the matrix
pepti de.

And what we did were LE spot assays for
gamma interferon producing cells and these LE spot
assays were done on PBMCs taken fromthe patient and
this is just an overnight culture. So there's no
expansion of the PBMCs in culture for a long period
as if often required to see CD8 imunity in humans.
W're seeing this response directly out of the
bl ood. And the way these assays are set up we
al ways have a control peptide. This is the gag
peptide fromH YV that's dom nant for HLA2.1 and the
matri x peptide. And what you see is that in all the
i ndi viduals that we injected who were 2.1 positive,
there's a boost in the gamm interferon secreting
cells. These are all CD8 positive cells rather than

CD4 positive cells.
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And it's antigen specific, that is, you see a good
matri x peptide, but not with gag peptide. The 2.1
negative individuals didn't respond and the people
who got 4 mcrograns of peptide subcutaneously
didn't respond.

And then this just shows you another
assay that is the capacity to generate CD8 positive
killer cells that are specific for the viral peptide
or an influenza infected target. And what we're
doing is we're neasuring the matrix specific CTL
response in a chromumrel ease assay in T-cells that

are boosted with autol ogous dendritic cells for 7

days in culture. And controls are done with and
wi t hout antigen. These are the responses wth
anti gen. And what you see is that following the

injection of control dendritic cells, that is,
W thout matrix peptide, there is very |low |levels of
lysis, but then when they get the MP pul sed, peptide
pul sed dendritic cells, you get very nice boosts in
their responsiveness as neasured by a CTL assay.

And furthernore, you can now detect a
specific HLA2.1 MP peptide tetraner binding in these
recall responses in vitro. So we're definitely

primng the CD8 conpartnment with the single dose of
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nonocyt e derived dendritic cells gi ven
subcut aneousl y.

So this is just a little sunmary of the
way many of these ex vivo studies are being planned.
One first has to get a hold of dendritic cells and
generally these are being generated from precursors
rather than being taken fresh out of the donor
bl ood.

And these are grown up in various ways.
We're currently enphasizing the nonocyte derived
pat hway. You then have to charge themw th antigens
of therapeutic inportance and then you reinfuse them
and have to neasure the T-cell response.

Now there's a term that's comng up
called translational research with this kind of
experi nment. | hate this word. It is not
transl ati onal research. Just because it was done in
a nouse doesn't nean it was just a bunch of
translation to human. This is research. Every bit
of this is really serious research and there's an
awful lot to do. W have to learn how to make the
different dendritic cells in the different subsets
and test them W have to cone up with ways to
deliver antigens and to neasure the efficacy of that

antigen delivery to the dendritic cells and we have
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to learn how to neasure the human T-cell response
which is not exactly easy. |It's not been that easy
to do that and many of the newer assays such as LE
spots and MAC tetranmer binding are really just
wonderful in this regard. W're going to have to
see how t hey behave and what they nean.

Ckay, on to the second topic and that is
the delivery of antigens to dendritic cells. "' m

| ooki ng around for a clock. There's not one in this

room that | can see. | think a very inportant
breakt hrough was made in ny colleague N na
Bhardwaj's lab, particularly by a really brilliant

M D. Ph.D. student, Mtthew Al bert and we were al
working with Birthe Sauter who is a dermatol ogi st
from Erl angen. And what they were |ooking at was
the response to influenza in HLA2.1 positive
individuals in tissue culture. It was known from
Nina's work that dendritic cell and HLA2.1
individuals and in other individuals were very
potent APCs for CDA positive CTL response.

So what they did was they put the source
of the influenza peptide in an HLA2.1 negative cel
and that cell was either infected with influenza or
it was transfected with the influenza matrix gene.

What they found is that if they nmade these A2.1
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negative cells undergo apoptosis that the dendritic
cells would take them up and present themon Class 1
to autologous CD8 cells. And a subsequent study
with Bob Darnell has shown that a candidate tunor
antigen in perinea plastic disease, cerebellar
degeneration antigen called CDRis also presented in
this systemin this way.

Now they had to use the immture stage
of dendritic cel l devel opnent to get good
presentation and it turns out that the immture
stage has a vitronetrin receptor, alpha V beta 5
that seens to be involved in the uptake of apoptotic
cells.

And what's fascinating about this system
is that the dendritic cells present antigens on
Class 1 whereas if you use nobnocytes as the APC
they do not present the antigen on Cass 2, even in
rapid chromumrel ease assays. So there seens to be
a very fundanmental difference between the dendritic
cells that <can present antigens through this
exogenous pat hway and t he macrophage whi ch scavenges
and destroys antigen through this pathway.

Now ny col | eague Wanaba and | have been
| ooking at this using the nouse system because there

we have antibodies to MAC peptide conpl exes. So you
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can put the source of the peptide in one cell and
the MAC on the dendritic cell and then start
monitoring this capture of peptide from cellular
antigens rather directly.

And t he nonocl onal we used was the first
monoclonal of this kind that sees an MIC peptide
conplex. It's called a Y-Ae because the presenting
nmolecule is an |-E nolecule and the peptide is
derived from the |-E product, another MAC nol ecul e
by chance. The beauty of this systemis that this
MAC peptide conplex is expressed at very high levels
on dendritic cells in mce that carry both |E-al pha
and the |-Ab genes.

So what we did was sinply put the
peptide in one cell which, of course, was a B cel
since that expresses a lot of |I-E and then we used
the dendritic cell froml-Ab of mce. Now we found
that the dendritic cells, in order to capture the
peptides fromthe B cells had to be at the imuature
stage of developnent and in addition they had to
receive a maturation stinmulus for us to see very
ni ce MAC peptide conplex formation.

So this is what it looks Iike. You can
barely see on the Y axis is the staining with the Y-

Ae nonoclonal antibody and all the staining is
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specific. It's not seen with the isotype control
and on the X axis is a staining for a maturation
marker, in this case, CD386

So if you offer these cells the
preprocess peptide you see a nice signal devel oping
on these dendritic cells that have matured during a
one day culture with the peptide or with the dying
cell. And then this is the signal where you give
them B-blasts and these are apoptotic B-blasts and
these are B-blasts that are killed wth antibody in
conpl enent . Now both apoptotic and necrotic cells
are processed very efficiently in this system
whereas in the Class 1 presentation systemthat Nina
Bhardwaj and her colleagues have studied, only
apoptotic cells are presented through the exogenous
pat hway. And then here you see what happens if you
separate the B-blasts from the dendritic cell in a
transwel | . There's very Ilittle formation of MAC
peptide and here's what happens if you add the B-
blast to the already matured dendritic cell. It no
| onger captures these cells to make the MAC peptide
conpl ex.

And this is what the cells look |ike --
studi ed by confocal m croscopy. These are studies

that we've been doing with Ira Melman's |lab at Yale
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and in particular with a wonderful graduate student
named Shannon Turley. So this is a single immture
dendritic cell stained for MAC 2 in green. So you
see these MAC 2 rich intercellular conpartnents and
inredis a marker for the B cell that we're feeding
to the dendritic cell and you see the i mmture cel
as just taking up a lot of B cell fragnents and in
the overlay you see that many of the B cel
fragnents have localized to the MAC 2 conpart nents.

Now | nust say this is not a typical
exanple. Mst of the inmmture dendritic cells only
have a few fragnents, but we've just done this,
taken this exanple to enphasize the targeting of the
B cell to the MAC2 conpart nment.

Now what one can do is isolate these
cells, sort of block this uptake phase by cul turing,
doing the whole culture in the presence of ammoni um
chl ori de whi ch bl ocks processi ng of t hese
phagocyt osed fragnents. So you can then purify the
dendritic cells, renove the amoni um chloride bl ock
and show that the cells then rapidly form MAC
pepti de conpl ex on the surface.

The efficiency wth which dendritic
cells can make MAC peptides from other cells is

really inpressive, we feel. We've quantitated --
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tended to quantitate the level of IE protein that's
in the B cells that we offer to the culture and the
total anount of protein is about .3 nanonolar and
nost of that protein is actually going to the
macr ophages that are eating nore actively than the
dendritic cells in the culture.

And this is the level of preprocessed
peptide one mcronolar that gives a conparable
signal to that |evel of protein. So it seens that
delivering the protein in a dead cell, a dying cel
is a much nore efficient way than giving peptides.
And as you know, peptides have been used for a |long
time to try to manipulate the immune system of
mammal s and they're not very effective, not very
efficient. It may be that by learning to target
dying cells to dendritic cells we're going to nmake a
huge | eap of efficacy.

Now to sone extent this efficacy is due
to the efficiency of phagocytosis. That's an
absorptive uptake nmechanism but we showed nmany
years ago that that gives you roughly a thousand to
three thousand fold enhancenent over fluid phase
But the trouble is that just gets the protein into
the cell, so the dendritic cell must be very

efficient at converting that protein to the MAC
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pepti de conpl ex relative to del i vering t he
preprocessed peptide to the very sane cells.

So just to sum up sone of the antigen
handl i ng properties of dendritic cells, they seemto
have a nunber of receptors that are going to be very
interesting to study as delivery system and possibly
the wvitronetrin receptor is going to be very
i nportant for apoptotic cells because that's the one
that's expressed selectively on immature cells and
antibodies to it block uptake of apoptotic cells.
They express very high levels of MAC peptide and
what nmay be qualitatively very special about a
dendritic cell is this exogenous pathway. It's been
found not only in apoptotic cells, but also by
Sebastian Enovengrena with imune conplexes. So it
can be engineered so it takes up immune conpl exes
but it won't present on Class 1 and the dendritic
cell is very efficient in that regard.

The M2C conpartnents are of great
interest and it's becom ng clear that their function
is regul ated very beautifully in the dendritic cell,
so for exanple, in the maturation stinulus is given,
this inhibitor, cystatin C disappears from the MC
and that allows cathepsin S the cystine proteus as

bl ockbust the cystatin C to be nore active and that
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degrades the envarian chain and for one thing all ows
the MAC peptide to nove to the south surface.

Finally, there are markers |ike DC LAMP
whose function we really don't know yet.

Okay, now for the last topic, that is
the nobilization and mani pul ation of dendritic cells
in vivo. This is one way of looking at this pretty
substantial question and that is to think of the
dendritic cell as being of several types of
proliferating progenitor, a precursor such as the
nmonocyte that doesn't really have any features of
dendritic cells, but can becone one. Cells that are
now starting to look I|ike dendritic cells, the
i mmature ones, but still need a maturation stinulus
to be the potent stable T-cell stimulator. And then
finally this last stage wherein the dendritic cells
under go apopt osi s. And | think all these stages
must be kept in mnd as we work with these cells and
as we try to devise ways of manipulating them in
Vi vo.

There's already a lot that's known. For
exanple, flt3L seens to be a very active stinulus

for nobilizing various precursors in immture forns

of the dendritic cell from the proliferating
progenitor. There's evidence now that anong site
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can start developing into a dendritic cell when it
noves across an endothelium and also receives a
phagocytic stinul us. These are studies of OGnen
Randol ph that was recently published in Science.

The rmulti-drug resistance receptor,
oddl y enough, may be involved in the nobilization of
Langerhans cells fromthe skin, drugs |ike Reserpine
and Verapom | are very effective at blocking the
immgration of Langerhans cells from the organ
expl ants of human skin.

Then there are the nenbers of the TNF
famly, that for one thing prolong the viability of
dendritic cells. And then they're going to be
sel ect chenokines that influence the targeting and
novenent of dendritic cells in vivo. | just want to
finish with this last point. That is, when we
inject dendritic cells, at |east these mature and
immture ones, they're very rapidly undergoing
apoptosis in vivo. So we're really losing a |ot of
their efficacy.

So the way this experinment was done is
one injects dendritic cells into a nouse and these
can be syngeneic or I want to show you what happens
in the allogeneic system because what happens is

that when the dendritic cells are injected, they're
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actually processed by the recipient's dendritic
cel I's. So we take dendritic cells from an I|-E
bearing nouse and we inject it into a C57 Black 6
nmouse and then we | ook for the devel opnent of the Y-
Ae epitope on the recipient dendritic cells and what
you see is massive devel opnent of the Y-Ae epitope.
This is a high power view of the |ynph node, the B
cell follicles, the edge of it is in brown and the
Y- Ae expressing cells are scattered about the T-cel
area and if you look at this by fax, you see that
when you inject an |I-E bearing dendritic cell into
the appropriate strain of mce, there's a nice
devel opnent of MAC peptide conplex on nost of the
dendritic cells marked by CD11C or marked by the
reci pi ent MAC 1- Ab.

Now i f you |l ook for the donor dendritic
cells you see very few. You can do this in a
syngenei ¢ or allogeneic system You can | abel the
cells with a tracking dye or you can |ook for the |-
E positive cells. So when we inject 500,000
dendritic cells, you're lucky to see a thousand Day
2. But yet all of the dendritic cells in the
reci pient seemto be expressing MAC pepti de conpl ex.
So sonehow they're capturing peptide from the live

dendritic cell that we had injected.
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So what we interpret is that the
dendritic cells one injects in afferent |ynph,
they're known not to nake it into efferent |ynph,
that they die very quickly upon reaching the |ynph
node. The T-cell may rescue them because those
cells express CD-40 and the T-cells they active
FCD40 ligin and that works to rescue dendritic cells
in vitro.

But if they're not rescued, they're
actually processed by the recipient cell and this is
massi ve MAC peptide conplex formation and we really
do not know yet what the functional consequence of
this is.

So again to sunmarize sonme of the things
that may be going on when we're injecting dendritic
cells in vivo and injecting different forms of cells
in vivo, there are different ways that the dendritic
cells can capture these and include capturing the
dendritic cells thenselves and setting into notion
this very efficient processing on to MAC 2 and
probably on to MAC 1.

So this is ny final summary slide. |It's
a little dark. ["m sorry it's not show ng well
But really to enphasize that there are two very

different pathways of white cell differentiation,
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one that |leads to scavenger cells or macrophages and
another that Jleads to very specialized antigen
presenting dendritic cells. And it's very inportant
to make these distinctions. If there's one thing
that really nust not be done is to refer to an
entity called the macrophage/dendritic cell. There
is no such thing. W wouldn't know about all these
features about dendritic cells if they hadn't been
separated from nmacrophages and nost of what we know
about dendritic <cells are sinply not seen in
macr ophages. So we really have to overcone this
very traditional barrier in inmnology and focus on
these two different pathways of differentiation

because they're very different.

The dendritic <cell is dedicated to
antigen presentation. It works in vivo, including
in humans and it's very efficient. It's vacuol ar

system is very specialized to capture and process
anti gen. In fact, it's so devoted to antigen
presentation that it seens to sacrifice itself to
t he process.

Thank you.

(Appl ause.)

DR. PURI: Thank you, Dr. Steinman. | t

was an excel |l ent review of dendritic cel | s.
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Everything we wanted to know. And very good data
you have presented today.

Due to the paucity of time | think we

have not have any questions at this tine. Dr.
Steinman will be here. He is chairing a session
this afternoon as well. If you have questions,

pl ease feel free to ask himwhile he's here.

Time is 9:45 and it's tine for our 15
m nute coffee break. Pl ease note as | indicated
before that conplinentary refreshnments are provided
and the set up is located in the main area | obby of
bui | di ng 10. For invited speakers there is coffee
in the back stage so please stay here and have
coffee in the back. Thank you very nuch. W shall
return in 15 m nutes.

(O f the record.)

DR,  KEEGAN: Thank you, Raj. I'"'m Dr.
Patricia Keegan with the Division of Cinical Trial
Design and Analysis in the Ofice of Therapeutics
and in contrast to what you received in your
packages, we've slightly changed the order of
present ati on. We thought it mght fit better to
provide an overview of the «clinical devel opnent
process first as a lead in to several of the next

speakers and so the first presentation will actually
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be our discussion of the clinical devel opnent
pr ocess.

In this presentation what |'mattenpting
to do is first to provide an overview of the
devel opnment process for anti-neoplastic agents which
IS traditional cytot oxic chenot her apy as a
backgr ound. |"'m sorry for those clinicians in the
audi ence for whomthis is rather basic material, but
because the audience is rather diverse we wanted to
provi de a general overviewin this regard to discuss
alittle bit the areas in which FDA feels that they
are inportant to have interactions wth drug
devel opers throughout that clinical devel opnent
process and what the goals and purpose of these
interactions are and finally to provide sone
t houghts on special considerations in the area of
tumor vaccine where there are distinctions or
differences in the approach to the devel opnent
process for this product class which I would like to
hi ghlight or contrast as relative to the traditional
approach for cytotoxic chenot herapeutic agents.

The clinical devel opnent process has
been described as proceeding through a series of
phases of drug devel opnent and all the oncol ogists

in the audience will recognize the traditional Phase
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1, 2 and 3 trial process. FDA al so recogni zes and
has inscribed in its regulations a Phase 4
devel opnent process which occurs after product
i censure.

In Phase 1 devel opnent, the purpose for
cytotoxic agents is really a determ nation of a dose
range which m ght be appropriate for future studies,
and also to get sone sense of the toxicity profile
in human subjects. Because we expect that these
agents will be toxic, these studies are generally
conducted in patients with cancer where the risks
are felt to be balanced against the potential
benefits.

The considerations that one has to have
in these trials is the nunber of patients to be
exposed relative to the toxicity profile and to try
and make this a judicious balance of the benefits
and risks, that the nonitoring for toxicity be
appropriate relative to that expected toxicity which
has been elucidated in preclinical animl testing.
And in addi ti on, t hat one shoul d perform
phar macoki netic and pharmacodynam c analysis and
data collection to assist in the devel opnent of the

Phase 2 trials.
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David, could you advance it? The next
trial of devel opment after an assessnent of the dose
range which is tolerable in human subjects is to
address trials looking at an initial determ nation
of the activity of the product in a fairly well
defi ned and honbgenous popul ati on. However, because
Phase 1 studies are often done in very advanced
patients, there may need to be further elucidation
of an appropriate dose range. These again are
studies conducted in patients wth nmalignancy,
al t hough generally in patients with neasurabl e tunor
so that the activity assessnents can be nade. And
agai n, considerations here are the nunber of
patients to be exposed, generally ranging from 20 up
to as many as a 100 with a focus on efficient
determ nation of activity, again careful nonitoring
and characterization of the toxicity profile so that
the nonitoring process can be focused in future
trials on those nost relevant aspects of toxicity.
Next slide. The goals of the Phase 3
study then are to further characterize the safety
and effectiveness of a product at this point in
conparison to a control group. The standards of
effectiveness vary dependi ng upon what that control

group is. One should need to | ook at equival ent 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

63
superior activity relative to an efficacious or
active control and clearly one would need to show
that there is superior activity relative to an
observati onal or an inactive or placebo type
control. It bears, in fact, no standard therapy
avai l abl e for the di sease being investigated.

The efficacy standards for Phase 3
trials are that the trials be adequate and well
controll ed. Well controlled would nean that the
trials be balanced in the arns for relative
prognostic variables and confounding factors which
m ght confound the analysis of effectiveness. And
there should, at the end of the trial, be evidence
of a net clinical benefit or of an effect on a
surrogate which is reasonably likely to predict
clinical benefit.

The determ nation of net clinical
benefit nust be evaluated, however, in the setting
of the currently available therapy for that disease
and it must take into account the natural history of
the disease or the clinical course follow ng the
standard therapy for a specific neoplastic subtype
and stage of disease.

Pot enti al endpoi nts which have been used

in the devel opnent of anti-neoplastic agents have
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nost inportantly | ooked at survi val benefit,
di sease-free survival or tinme to treatnent failure
benefits, durable conplete responses, dur abl e
overall responses, neaning conplete and partial
tumor responses or beneficial effects on disease
related synptons and/or quality of life.

Agai n, the endpoints need to be sel ected
in consideration of what alternative therapy is
avai l abl e and what the goals -- what the potential
benefits of those alternative therapies are.

Following the licensure or marketing
registration of a drug, FDA notes that there can be
additional studies to elucidate additional aspects
of the product. Post-marketing studies further
assess safety and/or efficacy information about a
particular product and they may be required as a
condition of an accel erated approval. Sone exanpl es
of Phase 4 commtnents m ght be to obtain
information on | ate, sustained or delayed effects to

determine their course, their severity, their

i nci dents. One m ght further evaluate the
phar macoki neti cs safety and ef fectiveness in
speci fi c subpopul ati ons and areas -- this has been a

very active area of interest wth the FDA to

eval uate whether or not patients who are elderly,
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the pediatric population, those wth significant
organ inpairment may have a different safety and
efficacy profile and often this IS best
characterized in later studies after the initial
ef fectiveness from marketing has been obt ai ned.

| want to speak a little bit about FDA
interactions with clinical drug devel opers. The
initial interaction with FDA are typically before
the product has gone into any human subjects and
maybe the so-called preinvestigational new drug
devel opnent application stage. These conferences
are held to reach agreenent on the information
sufficient to assure identity, purity and potency of
the product which is a requirenent for initial
studies in humans often. It's necessary to reach
agreenent on appropriate preclinical studies to
determine what mght be a reasonable initial dose
integration of therapy. There are sone differences
in the approaches that are used in classical anti-
cytotoxic agents -- or in antineoplastic agents in
the Center for Drugs where they have specified that
acute toxicity data from two species involving one
rodent and one nonrodent as well as histopathol ogy
results in one species be provided as that type of

i nformati on. Because of the nature of the products
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regulated in the Center for Biologics while this
approach may, in fact, be appropriate for sone
drugs, one of the areas of focus is that the ani nal
nodel s, in fact, be relevant and the extent to which
there is not -- the extent of information that's
necessary in animal nodels may or nay not have to be
nmore heavily supplenmented with in vitro data which
wi |l support the safety and the initial dose in the
clinical studies.

In making a request for a pre-IND
conference it sinply requires a letter sent to the
agency requesting that the conference take place and
a listing of the proposed dates of availability. In
an attenpt to mnimze the resources of the Agency
so that we can focus on all aspects of trial
devel opment, we are now noving in the Center for
Biologics towards teleconferences as the nost
efficient way to conduct these pre-IND conferences.
At the tinme of the conference we will begin to -- at
the time of the request we will begin to schedule a
tel econference and subsequently we would expect a
pre-1 ND package of materials to be provided as the
basis of information upon which FDA will be able to

provi de sonme gui dance.
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Thi s package shoul d contain a
description of t he product, bi ochem ca
characterization to the extent possible and a
description of the manufacturing process in brief.
There should be relevant in vitro data. Wer e
appropriate reprints of material s should be
subm tted. Animal toxicology and pharnmacol ogy
studi es should either be sumari zed or the proposals
for such studies should be sunmmarized and the
clinical protocols should be outlined in sufficient
detail so that one can nake an assessnent as to
whether or not the information provided would
support the proposed initial clinical study.

In addition, one should provide a
specific agenda and the questions which need to be
addressed during the course of that conference so
that we can nmake efficient use of tinme. It would be
anticipated that the Agency woul d revi ew t he package
in its entirety prior to the conference and the
majority of the time could be spent focusing on
t hose specific questions.

And here's an address where the pre-IND
materials would need to be sent. According to
recent regulations these materials need to be

recei ved at | east four weeks prior to the conference
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call and the location of the address of the
materials mght vary depending upon the product.
For products which are |ive vaccine, gene therapy
products, which is not specifically the topic of
this conference, the Ofice of Vaccines would be the
primary office of review For alnost all other
tunmor vaccine materials it would be directed to the
O fice of Therapeutics Research and Revi ew.

Once the IND has been submtted and
clinical studies initiated, there are a series of
additional neetings which FDA which schedule wth
the sponsor, a clinical drug developer to insure
t hat there's ef ficient drug devel opnent to
facilitate the drug review process and to provide
input in that process. There is in the regulations
a specification for an end of Phase 1 neeting under
very specific conditions. That is, for products
that would neet the designation of Subpart E and I
will cover what that Subpart E designation is in a
subsequent sl i de.

The purpose of an end of Phase 1 neeting
woul d be concurrence that the drug, in fact, neets a
Subpart E designation, review of the evidence of

activity in Phase 1 and to reach agreenents
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regarding the design of a typical trial and
standards for approval .

Next slide. That end of Phase 1 neeting
is clearly the exception. Ordinarily, the Agency
woul d not expect to neet wth a sponsor until the
end of a Phase 2 trial in which that initial
evidence of activity has been determ ned. At the
tinme of the end of Phase 2 neeting, we would review
the results of the Phase 1 and 2 studies to
determine and the evidence of <clinical activity
gl eaned from those studies. W would attenpt to
obt ai n agreenent on the design of Phase 3 or pivotal
trials and we would again review the standards of
approval in the drug setting, given the natural
hi story of the disease and the alternative therapies
avai |l abl e.

Foll owi ng the conpletion of one or nore
pivotal trials, the Agency would then typically neet
to discuss the results of those clinical trials.
Agai n, the purpose would be to review the results of
the trials and of the overall devel opnent plan and
the entire body of evidence avail abl e which supports

the safety and activity of the product and to

di scuss the future directions. For trials which
appear not to have been successful, one mght
SAG CORP.
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di scuss alternative trial plans versus whether or
not there appears to be sufficient information for
subm ssion of a |icense application.

Now the end of Phase 3 trial may or may
not incorporate the aspects of a pre-IND, a new drug
application or pr e- BLA, bi ol ogi cs i cense
application neeting. The focus of that type of
meeting would actually be to determne the required
contents and format of a license application to
insure that the application wll be conplete and
fil eable upon receipt. The other aspect would be to
insure that the organization will allow an efficient
revi ew process.

If indeed a license application is
filed, another aspect of neetings with the Agency
woul d be at the tinme follow ng an advisory committee
meeting to discuss the recomendations of the
advisory conmmttee and to discuss whether or not
there are needs for additional trials or data either
prior to licensure or followwng the Ilicensure as
post - mar keti ng conmi t nents.

Wth regards to a |icense application or
drug application review process, there are specific
time lines which have now been codified. At the

time of receipt of the application the Agency has 45
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to 60 days after receipt depending upon the status
assigned to it, to determne whether or not the
application is indeed materially conplete, well-
organi zed and revi ewabl e.

During this period, the assignnent of
the review designation is made. And there are two
revi ewed designations which may occur. The first is
a priority review which would be a 180-day period in
whi ch the Agency would review the entire contents of
the application and develop an questions, comrents
or requests for additional information. Thi s
priority review assignment would be designated if
t he underlying di sease being treated was serious and
life threatening and that the drug itself was
treating a serious aspect of that disease and
represented a significant advance in the treatnent
of that disease.

O her applications would receive a
standard designation which would nean that the
review process of that application would be
conpleted within a 10 to 12 nonth cycle. For
standard applications, we are, as an Agency noving
towards a 10-nonth cycle over a period of severa

years.
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There should be on-going conmunication
between the review team and the sponsors for easily
addressabl e questions during the review process.
While major requests for information may not always
occur during that period of tinme, definitely any
areas which could be clearly easily addressed in
comuni cati on woul d be handl ed and there is for nost
new applications new chem cal entities, new
bi ol ogi cal entities an advi sory committee
presentation at the tinme of the initial approval and
dependi ng upon the therapy, the aspect and any ot her
particular areas where the Agency feels they need
gui dance of the scientific expert conmttee.

Agai n, we reviewed that there are
several tinmes when the Agency would ordinarily neet
with the sponsor. There are several ways in which
the Agency would communicate including specific
witten requests and also telephone and video
conferences are options for comruni cation during the
pr ocess.

Davi d? Next slide. And again, the
basis for approval is clearly that there be
replicabl e denonstration of efficacy with acceptable
safety and adequate and well-controlled clinical

trials. And the entire license application should
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allow one the ability to wite a product |abel that
defines an appropriate patient population for
treatment and provides adequate information to
enabl e safe and effective use of the drug.

Now there are sonme specific provisions
for expediting drug devel opment or facilitating drug
devel opment which the Agency has codified again in
the regul ations. The special provisions for serious
and life threatening diseases in which cancer would
clearly fall are the expedited review or Subpart E
process accelerated review and both of these have
been subsuned into the new |egislation of the FDA
Moder ni zati on Act which also incorporates fast track
as a revi ew process.

Expedited review is actually a process

whi ch occurs wunder the investigational new drug

devel opnent  phase, so prior to Ilicensure and
subm ssion of a license application, expedited
reviewis a little bit sonmething of a msnoner. It
is nmore like an expedited or facilitated drug

devel opnent process where there is clear evidence of
activity in the early phases of disease. It is
intended for serious and life threatening diseases
and by this we nmean serious and immediately life

t hreat eni ng di seases often. The procedures are in
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pl ace to expedite the devel opnent process, to take
sonething which has already shown evidence of
activity even in the earliest trials and to rapidly
bring it into the definitive trials which wll
determne, which wll <confirm that evidence of
effectiveness as well as provide additional safety
dat a.

The regulations encourage early and
repeated contacts with FDA staff. It provides for
the potential for marketing approval based upon an
adequate efficacy denonstrated in an adequate and
well -controlled clinical trial. So one thing this
does not do is lower the standards for efficacy. It
basically shortens the drug devel opnment process.
And it says this could be done in Phase 2 trials
were appropriate in the setting where a reference
group or natural history of the diseases well are
known, otherwise it would inply that this would be
done in a controlled trial

And further evaluation would typically
be conducted under Phase 4 studies as a rapid
devel opnent process mght |eave many holes in our
understanding of the entire safety profile or in

| ess commopn aspects of adverse events.
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The accelerated approval process 1S
present both in the biologics regulations and in the
drugs regulations for the marketing. It is again
intended for serious and life threatening diseases
in areas where therapy appears to provide a
meani ngf ul therapeutic benefit over therapies which
are in existence for treatnent of that aspect of
di sease.

The approval would be based upon a
surrogate end point or an end point other than
survival or irreversible norbidity. The approval is
condi tional which neans that if subsequent studies
show that the evidence of efficacy has not been well
established, the approval itself may be w thdrawn.
The approval may carry additional restrictions to
i nsure safe use which woul d be determ ned based upon
the safety profile available at the time of approval
and whether or not there are needs for additiona
limts on use of the drug until further data are
avail able to suggest that it could be expanded or
lifted.

The FDA Modernization Act of 1987
i ncorporates many aspects of these in one |ocation
in the regulations. It is intended for this aspect

of facilitating drug devel opnent, again, is intended
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for serious and life threatening diseases which
denonstrate the potential for unnet nedical need.
In such diseases one may -- a drug devel oper may
request fast track designation for their product
whi ch I ncor por at es again many aspects of
consi derati ons of expedi ted devel opnent and
facilitated developnent as would be appropriate
gi ven the data avail abl e.

There should be -- there is under this
designation a condition for a rolling application
which is to file conpleted sections of the
application as they becone avail able, rather than at
a single point in time which my facilitate the
application submssion to the Agency, may allow the
Agency, if time permts, to review the application
nmore rapidly and however, the fast track designation
does not clearly inply that rolling BLA subm ssions
or rolling NDA submssions wll, in fact, occur.
That is nade as a separate decision at the tinme when
sufficient data are avail able. And applicants who
were interested in finding out nore about fast track
for tunmor vacci ne drugs may contact Bette Gol dman at
the Center for Biologics at this nunber.

Now in ternms of tunor vaccines, clearly

this product class is different from traditional

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

77
cytotoxic agents. And as such, one mght need to
consi der what aspects of the devel opnent process
really need to be handled a little bit differently
and these are sone thoughts as to where one m ght
consi der sone flexibility or sone different
approaches in the area of drug devel opnent.

The first would be in the objectives of
the Phase 1-2 study. As you've already heard from
Dr. Liu and wll Iikely hear from others, the
identification of a Maxi num Tol erated Dose which is
the goal of nobst cytotoxic agents is very unlikely
to be the goal for tunmor vaccines and clearly, the
identification of a pharmacol ogically effective dose
or an optimal biologic dose would be a nuch nore
reasonable goal in this field. The rationale for
this would really be two-fold, the first being that
biologically active doses may well occur below the
maxi mum tolerated dose and also in terns of
feasibility it's technically infeasible often to
even determ ne what that maxi num tol erated dose is,
so that even if one were interested in determning
what coul d happen in a worse case scenario it's just
not possible to do it.

Next slide. In terns of design issues,

the dose selections which are going to be eval uated
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in the initial studies should really cover a very
broad range to characterize the relationship between
dose and inmunol ogic activity. Rat her than in the
traditional dose escal ation paradi gns, what we woul d
like to see is a proposal which incorporates both
the potential for toxicity based upon  prior
knowl edge of the drug class in preclinical studies
for toxicity and also for the potential to observe
the actual differences between dose cohorts so that
what one is really trying to do is not so nuch
eval uate the differences in the toxicity level, but
the differences in the immnologic activity |Ievel
bet ween dose cohorts. So we may consider in drugs
which appear to have a very safe profile for
toxicity, if that's not an oxynoron, that a w der
dose escalation than one would consider for
traditional cytotoxics would be nuch nore reasonabl e
to enpl oy.

But critical to this wuld be the fact
that we need to have assays which are able to
discrimnate the immunologic responses between
different dose levels so we have to have assays
which are not just an on-off, but mght actually be
able to distinguish between different |levels of an

i mmunol ogi ¢ response.
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Next sli de. Again, as you've already
heard, the --1'"m sorry, go back one. There. The
patient popul ations for these studies likely will be
somewhat different. | mmuno conpetent patients are
necessary in order to be able to observe the inmune
response. Unfortunately, we don't really have a
good handl e on how one defines an inmuno conpetent
patient and | fully concur with Dr. Liu that it
woul d be well to try and elucidate what factors are
inportant for identifying patients who have a like
| evel of i mmunoconpetents, what |evel, what factors
m ght identify patients mght be used to identify
such patients. At this point in tinme, it's
generally | ooked on as patients who have not been
heavily treated or have other very gross paraneters
of i mmune conpetence and the nore precisely we can
elucidate that, characterize it and characterize
patient populations nore likely we wll be able to
conpare cross studies.

The underlying disease should not be a
rapidly progressive one so unlike the traditional
cytotoxic studies which are done often in end stage
patients or refractory patients, we need a
popul ation that's going to be able to remain on

study long enough to receive sufficient exposure to
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develop an inmmune response. And it nmay be
reasonable to conduct this either in very early
stage of disease or even in the adjuvant settings
often fromal nost the initial studies.

Measurable or eval uabl e tunor has
generally not been considered necessary because one
frequently with this class of products has not
expected to see evidence of anti-tunor responses.
The Agency is not neaning to di scourage those people
who wish to look in that area, but if that's clearly
not the goal of the study, it's not necessarily a
useful restriction to place on eligibility.

The other issue is that one m ght rather
than do the traditional three to six patients per
dose |evel cohort, consider again to justify the
size of the dose |evel cohorts based upon the nunber
of patients and the amount of information necessary
to be able to distinguish between groups of patients
and cohorts. If three patients isn't enough, if six
patients isn't enough, do 10, do 12, whatever is
justified based on the assay system that wll be
able to detect differences between the dose |eve
cohorts and these sorts of things should drive the

desi gn of the studies.
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Next, please. In terns of the analytic
met hodol ogy, again traditional cytotoxic drugs that
ook at an NDT prediction generally have very
limted and descriptive analytic nmethods in their
early trials. W would expect for this product
class that there actually be nuch nore description,
both of the analytic nethodology and the basis for
many of the aspects of the trial design to determ ne
whet her or not it's really a reasonabl e approach.

e woul d i ke to see detail ed
description of the imunol ogic assays to be used in
the study as the basis for determining the initia
surrogate of activity, including the controls and
performance characteristics of those assays. e
would i ke to see a basis for the nunber of patients
per dose level and the overall sanple size and we
would like and this seens like it should be an
under st ood thought, but we really need to know what
it is that people think is the neasure of success of
biologically active or optimal biologic doses based
upon the i mmune response.

In the Phase 2 studies, again, continued
expl oration of dose schedul e, route of
admnistration, a variety of factors. And to

hi ghlight what Dr. Liu also said, the exploration of
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sone of these aspects mght best be done in a
random zed Phase 2 study that conpares the multiple
strategi es contenporaneously. This elimnates the
confounding variables that we see in a series of
Phase 2 studies would each study one snall aspect.
It allows us to nake conpari sons across groups when
they're random zed and entered. It renoves one
additional Ilevel of conplexity and confounding
nat ure between the groups.

Anmong those nultiple strategies which we
woul d encourage to be explored would be approaches
with various imruno adjuvants, cytokines, multiple
antigens, but we think that it's profitable to
actually explore those contenporaneously and across
gr oups.

Next. Finally, for the Phase 3 studies,
t hese products have generally been conducted in --
been evaluated in the adjuvant setting or in m ninal
resi dual disease states and because of this, the
st udi es have general ly | ooked at survival,
progression- free survival and these types of end
points need to be evaluated in internally controlled
and random zed trials. Agai n, because of the
confounding factors of conparing a cross study to

reference group, historical controls, we have, we
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would say as a general statenent that for studies
| ook at survival and progression-free survival that
these need to be random zed internally controlled
st udi es.

The efficacy standards again, | can't
say this enough, adequate and well-controlled
trials. For the initial approval, if the setting is
one of an adjuvant di sease one of a m ninmal residual
di sease state, and if the body of evidence fromthe
prior trials really doesn't show any clear evidence
of clinical benefit as one mght see with tunor
responses in traditional cytotoxic chenotherapeutic
drug devel opnent, then it's likely that nore than
one Phase 3 or controlled random zed trial, whether
one calls that Phase 3 or not, wll probably be
necessary. However, for supplenental approvals, one
could wuse the activity in the initial disease
setting and the initial approval setting to be
supportive of activity in a second setting and we
are open to creative suggestions as to how to
consider nmultiple trials which replicate these
effects.

An initial about surrogate end points
and | think needs to be addressed. The Agency has

recogni zed that durable conplete and partial tunor
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responses are acceptable as surrogate end points in
most, not all, but nost nmalignancies, advanced
mal i gnanci es.

Time to progression has been accepted in
a surrogate in sone areas including adjuvant
settings and the hornonal therapy of ©prostate
cancer. On occasion, this has al so been considered
an outright neasure of efficacy, but it depends upon
the setting.

Next slide. But one thing that needs to
be understood is that effects on serologic tunor
associ ated antigens, that is, effects on CA-1 25
| evel of PSA, for instance, have not been consi dered
to be surrogate end points which would be sufficient
to denonstrate efficacy. Effects on reduction in
cells containing a gene marker for disease to sone
area below the limt of detection has not been
considered to be an end point which is reasonably
likely to predict clinical Dbenefit. Clearly,
i mmunol ogi cal responses against tunor antigens has
not been accepted as a neasurenent, as a surrogate
which is reasonably Ilikely to predict clinica
benefit. That is not to say that such end points
may not ultimately be validated, but at this point

in time they are not considered to be areas which 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

25

85
woul d accept as an Agency as an end point which
could support efficacy as the primary evidence of
efficacy for clinical trial.

| think that -- no, skip that, Dave. |
think I'"'m going to skip sone of these in the
interest of tinme. Okay. Yes, that's it. And now |
think I will introduce the next talk which wll be
Dr. David Essayan from the D vision of dinical
Trials, Design and Analysis who will|l be speaking on
the preclinical safety and efficacy studies.

(Appl ause.)

DR. ESSAYAN: " m just |oosening up the
m ke. Can everybody hear nme with this? Yes. Ckay.
|'"'m sort of allergic to podiuns. Let ne just give
it a shot from here.

Well anyway, this is the preclinical
devel opnment part of vaccine prograns. l'd like to
i ntroduce you to the Pharmacol ogy Toxi col ogy Branch
in the Ofice of Therapeutics at CBER  This branch
does all the clinical pharmacol ogy, as well as all
the toxicology for the Ofice of Therapeutics. e
also function in a consultative function to the
Ofice of Vaccines, as well as the Ofice of Blood.
In addition, a nunber of the medical officers here

do clinical review in their fields of expertise.
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But for Pharm Tox issues, these are the fol ks that
you're going to wind up speaking with

W see a nunber of different strategies
in the Ofice of Therapeutics in the context of
t unor vacci nes. I'd like to go over a couple of
them briefly. Qovi ously, nodified and unnodified
aut ol ogous or all ogeneic tunor cell products. There
are also soluble tunors, associated antigens in the
absence or presence of a wide variety of adjuvants.
The tunor-associ ated anti gens thensel ves can be of a
variety of different sources. They can be
reconbi nant, they can be purified. There are a
nunmber of different types of tunor-associated
antigens that we have seen.

Additionally, we see tunor-associated
antigens of all these varieties and conbinations
| oaded into a variety of antigen-presenting cells
including the dendritic <cells that have Dbeen
di scussed and will be discussed further during this
conf erence. There are gene nodified products such
as tunor cells and then what | group here as
"other", oncolytic viruses, viral vectors for gene
t herapi es, etcetera. Despite this wide variety of
di fferent pr oduct , our gener al goals in the

preclinical safety program remain remarkably the
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sane. The first goal is to recommend an initial
safe starting dose and dose reginen in human
subj ect s.

Now here it's inportant to note that the
safety is a function of each conponent of the
vaccine as well as the interaction of the conponent
such as wth a tunor-associated antigen and the
adj uvant sel ect ed. The preclinical study should
help to define not j ust the dose activity
rel ati onship, but al so t he dose toxicity
rel ationship, the differences between these two both
in terms of dose and in ternms of organ and tissue
specificity as well as the effects of route and
schedule of admnistration on the activity and
toxicity. An exanple of this would be an
intradermal or |V versus sub-cut admnistration
where different antigen presenting cells in
di fferent nechani snms may actually be invoked.

The second goal of the program is to
identify potential target organs for toxicity
related to the product. In vitro tissue binding
and/ or t ar get anti gen di stribution studi es,
whi chever is appropriate for the individual product,
are a critical first step. These studies nmay guide

gross and hi stopat hol ogi ¢ studies which nmay, where
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appropriate, guide subsequent safety pharnmacol ogy
studies which will look at specific organ related
toxicities. These studies should help
to define the dose dependence of the toxicity, the
relationship to exposure and inportantly, t he
potential for reversibility of these toxicities.

The third goal IS to identify
appropriate serol ogi ¢ and i mmunol ogi ¢ paraneters for
monitoring safety and efficacy of the product in
human subj ects. Now this will be discussed quite
widely during the two days of this conference. I
would just like to say that the quality, quantity
and relative contributions of the cellular arm the
hurmoral arm as well as the potential role of
conplement may be delineated in the toxicology
program and nmay be correlated to outconmes in the
preclinical nodels which may provide hel pful
i nsights for devel opnent of the product.

The fourth goal is to identify potenti al
at-risk populations for admnistration of the
product. Such identification may be guided by both
target organ toxicity data and the outcone of
product admnistration in the context of aninal
nodel s of di sease. Now there are a nunber of pros

and cons with animal nodels of disease. The cons,
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obviously, there's often a limted historical data
base for the background on the animals. O tentines,
these animals are quite ill and interpretation of
toxicologic data in that context may be chal |l engi ng.
However, in animl nodels of disease, good, strong
animal nodels of disease, these data nmay provide
relevance for specific disease states that are
difficult to conme by other nmechanisns and so | woul d
encourage you to consider this.

The next goal is to help determne an
acceptable risk benefit ratio for human subjects.
Now risk benefit may vary according to the
indication as well as the intended target popul ation
and in fact involving pre-clinical and clinical
experience with the product may over tinme shift the
risk benefit ratio during product devel opnent.

And the last is to help elucidate the
mechani sms of action of the product. An opti mal
dose regi nen needs to consi der bot h t he
i mmunogenicity of the vaccine, the specific inmmune
response desire related, in part, to which arm of
the immune systemis felt to be nost inportant for
t he bi ol ogi c activity of t he pr oduct and

inportantly, as Dr. Keegan and as Dr. Liu have
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al luded to, the inmune status of the subjects to be
st udi ed.

VWhat types of preclinical studies are
avai lable to us? Preclinical studies that should be
considered for all vaccine products include |ocal
tol erance studies, pharnacodynamcs which in this
particul ar cont ext may be transl at ed into
i mmunogenicity studies, safety pharmacol ogy where
organ specific toxicities have been identified in
your single and repeat dose toxicology studies and
can be pursued. If there is suspicion for a
particul ar or gan rel ated toxicity for t hat
i ndi vidual product, in fact, the safety pharnmacol ogy
studies may be incorporated into other single or
repeat dose toxicol ogy studies.

Q her studies, other preclinical studies
that should be considered where appropriate for
specific vaccine prograns include ADME studies,
particularly related to sone of the viral products
that we see; pharmacokinetics, carcinogenicity,
genotoxicity and reproduction and devel opnenta
toxicities where applicable to the individua
pr oduct .

There are two relevant | CH docunents

that may help guide our view of the preclinical
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safety program the M3 docunent and the S6 docunent.
| should note that the S6 docunent does not
specifically cover cellular and gene therapies.

The M3 docunent states that toxicology
should be perfornmed in tw relevant mammalian
speci es, one nonrodent with a dose intensity that is
greater than or equal to that anticipated in the
clinical trials. It further states that where
appropriate ADMVE genotoxicity, local tolerance and
certain carcinogenicity studies should be perforned
prior to the initiation of Phase 1. |In the context
of tunor vaccine, | would particularly focus on
| ocal tolerance studies.

Repr oducti on and devel opnent al
t oxi col ogy should be conducted as appropriate for

the population that is to be exposed and for the

pr oduct . Speci al consideration for pediatric
adm ni stration i ncl udi ng t he availability of
reproducti on and devel opnent al t oxi col ogy,
genot oxi city, carcinogenicity and potentially

studies in juvenile animals in order to target the

devel opnmental stage in your preclinical program
Having said those things a step-w se

devel opnent programis acceptable, so called rolling

toxi cology and inportantly the safety eval uati on may
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be <considered on a product specific basis if
existing paradigns are either inappropriate or
irrelevant in the context of the particul ar product.

The S6 docunent reiterates a nunber of
these mmjor issues. Preclinical safety testing
should consider selection of rel evant ani mal
species, the age of the animals, the physiologic
stage of the animals, normal versus di sease nodel s,
the delivery as well as the stability of the test
mat eri al under the conditions used.

The routed frequency of admnistration
shoul d parallel as closely as possible that proposed
in the clinical trial. Optimally, exposure to the
product should define a no observable effect |evel,
a no observable adverse effect | evel, t he
pharmacol ogic effect and as Dr. Keegan has
mentioned, the MDT is often less critical in the
context of immune response as conpared to the
optimal biol ogi c dose. In the preclinical nodels,
however, MDT determnation, if possible, my give
you an idea of the w ndow that you have above
opti mal biol ogic dose. Where appropriate, safety
phar macol ogy can be incorporated into the design of

t oxi col ogy studi es.
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Studi es should try to include a recovery
period for assessnent of late toxicities and
potential reversibility. "Il get back to this
i ssue on a subsequent slide.

And again, a flexible science based
approach designed to address issues specific or
unique to each product should be utilized for the
pre-clinical safety eval uation

VWhat of our major concerns | ooking at
any new application in the Ofice of Therapeutics?
Injection site reactions are very comobnly seen
while nost of these are mnor, sone of them can be
quite major. We have actually seen grade 4 | ocal
toxicity related to certain vaccine related products
and so this should be one of the mmjor focuses of
t he toxicol ogy program

| nduction of autoimmunity is often
di scussed and here we need to think in terns of the
antigen specificity for the individual vaccine
product, its distribution and the concept that the
majority of these vaccine protocols in one way or
another are seeking to overcone self-tolerance for
that individual antigen or group of antigens. At
the point when efficacy, when biologic activity is

established, one has presunably overconme in sone
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measure tolerance to self. At that point, the
threshold for generation of an autoi nmune response
based on the natural distribution of that antigen is
theoretically possible and should be a focus of the
t oxi col ogy program

Hypersensitivity to vaccine conponents,
we have seen this rarely, but it is of some concern
to us when we do see it. Systemc toxicity and
pyrogenicity are seen wth a variety of these
products, as is regional |ynphadenopathy follow ng
adm ni stration of the product.

Cyt oki ne rel ease syndronme has been seen
with a nunber of these products. This can be a
severe and in fact life-threatening conplication and
should be nonitored preclinically and also if seen
then specific considerations in any clinical trials

be undert aken. The | ast consideration here is the

potential for induction of disease which wll be
di scussed in sone detail later on during this
wor kshop.

Major limtations to the preclinical

studies include species specificity and by this |
mean to denot e bot h vari ations in t he

i mmunophysi ol ogy between the preclinical species
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chosen and humans as well as species differences
bet ween the tunor tissues being studied.

Two ot her aspects are a direct outgrowth
of the direction of nost toxicology studies, that
being difficulty in nodeling long-term toxicities.
This can be, in part, related to imunogenicity of
the product that is counter regulatory, so to speak
to the biologic activity of the product in your
nmodel, in your animal nodel, as well as difficulty
in adequat el y assessing t he potenti al for
reversibility of the toxicity.

So havi ng made t hese poi nts ny
conclusions would be that the preclinical program
needs to address the safety and biologic activity of
the product as well as the nechanism of action of
t he product and that uni que properties of individual
products nust be considered on a product-specific
basis for the preclinical program

Thank you very nuch for your attention.

(Appl ause.)

DR. KEEGAN: Ckay, our next speaker wll
be Dr. Raj Puri who wll be speaking about product

devel opnent i ssues.
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DR PUR: If | may have the first
slide, please? First slide, please? Can sonebody
turn the slide on, please?

Vell, while the slides are being turned
on | will continue, | guess.

After you have heard general and
clinical issues that should be considered for tunor
vaccines, clinical trial developnment from Dr. Keegan
and types of preclinical studies that should be
considered fromDr. Essayan, ny task is to sumari ze
what should be done or considered for product
devel opnment for tunor vacci nes.

Before | do that | would like to list
sone of the types of tunor vaccines as soon as the
slides turn on, but if they don't, I wll continue.
One of the types of tunor vaccines are cellular
tunmor vaccines and the second class is nulti-antigen
preparations. The third type are purified proteins,
synthetic peptides and other gangliosides. The
fourth type could be a type as vital and plasmd
vectors which could be injected into a patient
within or outside the |iposones.

Cellular tunmor vaccines which is ny
first slide is characterized --

(Laughter)
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Cel lular tunor vacci nes are conprised of
aut ol ogous tunor cells or allogenic tunor cells and
these tunor cells could be unnodified or naybe
nodi fi ed by chem cal agents such as dinitrophenol or
they could be irradiated before they're injected
into the patient to boost the inmune response.

These tunor cells may be also -- there
it is. That was ny first slide.

(Laughter.)

May | nove to the second slide? These
are sone of the types of tunor vaccines that are
i ndi cat ed, cel lul ar vacci nes, mul ti antigen
preparation, purified proteins, synthetic peptides.
QO hers such as gangliosides and vital and plasmd
vectors, and the |iposones.

Cellular tunor vaccines as | already
said coul d be autol ogous allogeneic tunor cell, they
could nodified with a DNP and conmbined with an
adjuvant or growh factors before they're injected
into patient to boost inmmune response. These tunor
cells could also be genetically nodified to secrete
factors, cyt oki nes, chenoki nes and surface
expression of MIC antigen and other co-stinulating
nmol ecul es before they're injected to the patient to

boost i nmune response.
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O her cellular tunor vaccines include
| ymphocytes that could be derived from peripheral
blood or from the |ynph nodes and other cells are
antigen presenting cells or antigen pulse dendritic
cells, fibroblasts or other cells and these cells
could also be derived from peripheral blood or from
t he bone marrow.

These cells could be pul sed by a variety
of different agents such as RNA, tunor cell |ysates,
synthetic peptides, nulti-antigen preparations and
so on. And in sone situations these cells could be
co-cultivated by another cell such as Oosophila
cells which are designed to express an immne
stinmulatory nol ecule such as IKN-1 and other inmune
obl i gatory nol ecul es.

Mul ti-antigen preparations include tunor
cell lysate, cell tunor antigens or secreted tunor
antigens, tunor antigens which are either conjugated
wi th KLH or as such

These preparations could be injected to
the patient as such. They could be mxed wth the
adjuvants or in sone situations they could be used
to pulse antigen presenting cell such as a popul ar

dendritic cell.
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Purified proteins and peptides and
others such as ganglioside, GD2, GD1, Gwv, GQGw,
t hese antigens either could be purified froma cell
source or they could be produced by reconbi nant DNA
t echnol ogy. These antigens, heat shock proteins,
idiotypic, antiotypic antibodies and fusion proteins
such as heat shock protein and peptide conplex that
could be used as such are mxed with the adjuvants
before they're injected into the patients. In sone
situations, these products would also be used to
pul se antigen presenting cells such as dendritic
cells.

Synthetic peptides and gangliosides,
they could also be mxed up wwth the aduvants or KLH
and in this case where KLH ganglioside conjuvants
could be mxed with the adjuvants such as suponin or
with cytokine and injected into patients before --
to boost their imune response and synthetic
peptides could al so be used to pulse different types
of antigens presenting cells.

Vital and plasmd vectors also qualify
as tunor vaccines. Vital vectors may include
vaccinia virus, canary pox, fow pox, adenovirus,
adeno associ ated virus, herpes sinplex virus or what

have you
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These vectors or plasmd vectors could
be designed to express nmany different factors,
cytokines, growh factors, tunor antigen, viral
antigens or sone are tunor associ ated antigens.

The issues associated with this kind of
tumor vaccine wll not be discussed in the current
wor kshop. I ssues related to this kind of tunor
vacci ne have been addressed in the prior FDA and NI H
wor kshop and they are addressed in the avail abl e FDA

gui dance docunent terned Cell and Gene Ther apy.

Many of these products and peptides are
encapsul ated in |iposones or they're mxed with the
lipids and thus they form another type of tunor
vaccines and they're injected into patients to boost
t he i nmune response.

For all types of tunor vaccines or any
ot her biol ogical drug, general regulatory principles
apply as was enphasi zed by Dr. Zoon. Cell substrate
and cell bank characterization of this product
shoul d be t hor oughl y characterized. Their
regul atory guidance docunent available from the
Agency that should be consulted for this particular
pur pose. This particular issue wll also be

di scussed later on in this session by Dr. Allen
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Al bright of Center for Biologics Evaluation and
Resear ch

For a typical biological drug, identity,
purity, and potency and safety should be established
at the very stages of the product devel opnent. And
this would continue into Phase 3 studies as | wll
di scuss | ater on.

The potency is defined as neasurable,
consi stent biological response to vaccine in vitro
or in vivo in the ani mal nodel.

For reproducible and consistent product
and to mintain lot to Ilot consistency, the
manuf acturing process would be controlled and all
the glitches should be hamered out bef ore
undertaking higher phase of the «clinical trial
pr ogr am

In the next two slides, including this
one | wll sunmarize the types of studies that
should be perfornmed in early and |ate stages of
tunor vacci nes product devel opnment. At early stage
of the product devel opnent such as Phase 1 or Phase
2, the mpjor issue here is safety. To address this,
the products should be characterized thoroughly for
the freedom from the adventitious agents that

include viruses, sterility includes bacteria and
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fungi, mycoplasma and the endotoxin content nust be
within the allowable range. The all owabl e ranges
less than or equal to five endotoxin units per
ki | ogram per dose.

Lot release specification should be set
at this particular point. The source of raw
material, the conmponents used in the manufacturing
process and the process itself should be very well
characterized. Al t hough conplete identity and
potency tests are not required at the Phase 1 stage
of the tunor vaccine devel opnent, but they shoul d be
-- the devel opnment should begin after, if needed,
after consultation with the Agency.

The stability program should typically
include integrity, quantitative identity tests for
products such as mxture of cells and functional
activity which is potency. The integrity of the
product could include neasurenent of viability of
cel | ul ar products.

At |ater stage and before enbarking at
the pivotal of Phase 3 studies all assays for the
determnation of identity and purity and potency
shoul d be ascertained and they should be vali dated.

The |ot release specification should be tightened
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and this would continue to be devel oped during the
entire product devel opnment.

For validation studies, renoval of al
i n-process reagents, exanples, cytokines, growth
factors, antibodies or enzynmes should be conpleted
or on specific occasions should be set if these
cannot be renoved conpl etely.

The stability program  should be
conpleted to support the proposed dating period for
Phase 3 clinical studies. W also recommend at this
stage that you set up a pre-pivotal neeting with the
Agency to discuss the product and manufacture and
the clinical issues.

Next | wll discuss about sone of the
i nportant issues related to various classes of tunor
vacci ne. For autol ogous tunor vaccines process of
generation of single cell suspension from solid to
tumor chunks may define the product and thus, it is
very critical. Since tunmor cells nust be digested
with different enzymes for various concentrations of
enzynmes at different tenperatures and different
times, thus it is very critical to identify and | ook
at the viability of these cells and set up sone sort

of specifications.
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Since tunor nodules my have sone
infiltrating conponents it is therefore very
inportant to characterize the cell types in the cel
suspensi on. The sterility of these products is
very, very critical for the safety of the patients.
No product should be injected if it is contam nated
with any of the advantageous agents that include
bacteria, fungi, and nycoplasma if these cells are
cul t ur ed.

| f these «cells are cultured, t he
mycopl asma contam nation should also be tested as
fetal calf serum and other incomng reagents and
processes in the cells my introduce nmycoplasm
contam nati on

If there is not enough tinme to determ ne
the mycoplasma contam nator, contam nants that you
may explore alternate faster technique such as
pol yval ent chain reaction or PCR I n conjunction
with the standard tests during early phases of the
devel opnent, in order to collect information on the
useful ness of the PCR test, potentially these assays
can be validated and if found conpatible they can

repl ace conventional tests.
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The purity of the final cell preparation
shoul d be defined. Freedom from endotoxin agents
and i n-process agents shoul d be ascertai ned.

One of the very inportant tests for this
cl ass of product is potency. It is very difficult
to assign potency in this situation because all
patients' product is a unique product and thus it is
a difficult issue. Shoul d presence of <certain
phenotype of «cells in vaccine preparation and
generation of in vitro immune response to vaccine
must be performed before tunor cells are injected
into the patient is a question and that should be
addr essed.

These issues wll be discussed in
tonorrow s session No. 3 and | hope they will be
able to reach sone sort of consensus to the
guestions that we have raised and we have provided
to you in your program book.

If the cells are shipped, the shipping
condition nust be validated and confirmed to
determine that the shipping conditions have not
changed the cellul ar phenotype of your product.

Simlar to all biological products, the
stability program for autol ogous tunor vacci ne nust

be established particularly if repeat adm nistration
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of the cells at plan. It is inmportant to know
whet her you are going to inject sane vaccine on
second cycle, third cycle, or so on as you inject
it.

There are sonme I nport ant I ssues
associated wth allogenic tunor cells. Unli ke
aut ol ogous tunor cells in this case one has enough
time to characterize the product conpletely. The
nost inportant issue wth allogenic tunor cel
vaccine is the donor screening and saline
characterization. These salines nay be obtained
from ATCC or they may be derived in your facility.
They nust be fully characterized for freedom from
advant ageous agents such as viruses, bacteria, fungi
and nycopl asnma.

Quantitative assays shoul d be
established to determne product identity, nore
inportantly in situations where nore than one saline
is mxed and used as tunor vaccines. The potency
should be assigned to the product and nust be
established before enbarking on Phase 3 studies.
Again, if these vaccines are shipped and handl ed at
di fferent clinical sites, their shi pping and
handl i ng conditions should be validated to maintain

product integrity. These issues wll also be
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di scussed in tonorrow s session No. 3 and | hope
that you will have various input so that you can
hel p the Agency in deciding sonme of those tests.

Cenerally, dendritic cells,
antigen-presenting cells and dendritic tunor fusion
cell vaccines are derived from autol ogous source and
their phenotype may vary depending on the cel
sour ce. Furthernore, in vivo nobilization by flit
three ligand may enrich a different popul ation of
cells. Therefore, phenotypic characterization of
these cells and determ nation of antigen load form
an inportant issue when characterizing identity of
this class of tunmor vacci nes.

These issues wll be discussed in
today's afternoon session and | hope there wll be
sone sort of a consensus on agreeing to the
prom nent phenotype that should define dendritic
cell.

The other inportant issue associated
with this class of tunor vaccine is potency assay
and that is determ ned by antigen presentation and
bi ol ogi cal response which is ability to induce
i mmune response, for response, proliferation of
responder cells, generation of CTL response and

production of cytokines.
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Before enbarking on Phase 3 program

studies should be finalized to decide whether they
are actually activated and are actually presenting
anti gen. These issues wll also be discussed in
today's afternoon session and | hope there wll be
sonme sort of agreenment to agree how to define the
potency of activated antigen presenting cells,

dendritic cells or like cells.

For tunor cell |ysates and polyval ent
vacci nes characterization of cell source is very
critical. |If allogeneic tunor cells are used, donor

screening of the saline and for the safety should be
enphasized as it was done for the allogenic cells
when they're used as tunor vaccines. Li ke
aut ol ogous tunor cells the manufacturing process for
the generation of cell |ysates and shed soluble
tunmor antigen is very, very critical

The identity test for this class of
product is critical as identity tests for difference
cell mxers used at tunor vaccine. It is inportant
to define the quantitative presence of certain known
tunmor antigens in the |lysates or tunor cell mxture
or antigen m xture.

The characterization of this class of

product, tunor cell Ilysate and polyval ence tunor
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vacci ne should be perforned by a nunber of avail able
techni ques. For exanple, cell nunber determ nation,
viability fromwhere the cells -- where the product
is derived, total protein concentration, SDS- PAGE
i ncludi ng Western bl ot anal ysis for known protein or
peptide, 2D electrophoretic patterns so there are
not too many proteins secreted by the tunor cells
and gel filtration patterns.

These are only just an exanple and the
test will vary depending on the product. You could
apply any of the techniques which you m ght have to
characterize these kind of products. Potency, like
with any other product this issue is critical here
as well. An assay that can determ ne consistent
bi ol ogi cal response to these products in vitro or in
vivo in ani mal nodel should be desirable.

These issues will also be discussed in
tonorrow s session and also in a poster session that
wll be held after the Session 2 today from 5:30 to
8 o'clock and will continue until tonorrow. Your
participation in this session, your considerations
and your thoughts on this issue will be of great
val ue to the Agency.

As with reconbinant of purified protein

sone of the required characterizations of this
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class, purified protein antigens of tunor vaccine
include purity, potency, identity and safety by
avai l able analytical tools. And sonme of the
avai l abl e analytical tools are for exanple identity
coul d be defined by end term nal sequence.

The purity could be defined by SDS-PAGE
tryptic digest or HPLC patterns. The potency of
this class of products <could be defined by
generation of CTL response, cytokine secretion of
proliferation assays of the pulse cells. This kind
of tunor vaccine, the safety by the freedom from
i nfectious agent that includes bacteria and fungi
and endot oxi n and ot her process, end process regions
shoul d be assi gned.

Unlike tunor cell | ysates synthetic
peptides could be easily characterized by avail able
techni ques. Sone of the nobst conmmon techni ques that
are used are spectrophotonetric analysis, that
i ncludes infrared, MNR and mass spectroscopy. Am no
acid analysis and conplete sequence analysis can
define the identity of this class of product.
Purity could be defined by HPLC or high performance
capillary el ectrophoresis. In some situations the
conplete sequence analysis can determne the

purities. Organic solvents such as chloroform and
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acetonitrile are comonly used to synthesize and
purify these peptides. The validation of renoval of
organic solvents for safety is critical for this
cl ass of conpounds even before enbarking on Phase 1
studi es.

| f peptides are used as such and when
they are mxed with adjuvants the potency of this
cl ass of tunor vaccine should be defined on peptides
thenmsel ves or the peptides that are used to pulse
the dendritic cells, the potency should Dbe
determ ned on the pul sed cells.

For peptides or plasmds or vital
vectors that are encapsulated in |iposones there are
i nportant issues associated wth them For exanple,
the conposition and the source of the lipids and the
pH of the |iposone m xture can determ ne the optina
encapsul ation of your product that could be an
antigen, that could be DNA or it could be a peptide.

The particle site and the viscosity and
the residual solvents should be determ ned for the
safety. Like all products, the stability of
| i posones at st or age t enperat ure shoul d be
determined for | at er phases  of the product

devel opnent .
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| have listed here sone of the tel ephone
nunbers, fax nunbers, e-mail addresses and the
internet site from where you can obtain various
regul atory gui dance docunents that are available to
you for product devel opnent. These addresses and
the list of relevant docunents are provided to you
in your program book. O course, you are invited to
call us any time you have any questions regarding
tunor vacci ne product devel opnent. W'l |l be happy
to attenpt to address your questions that you m ght
have.
| would like to acknow edge sone of ny
col | eagues from NCI and the FDA who have hel ped ne,
particularly Dr. Jay Geenblatt. W have a
wonder ful coll aboration in setting up this workshop.
Dr. Earl Dye and Dr. Joyce Frey-Vasconcells from
Center for Biologic Evaluation and Research who have
given me a lot of input in preparation of this talk
and of course, nenbers of Tunmor Vaccine Wrkshop
Organi zing Commttee for their valuable contribution

in organizing this workshop.

Finally, I'd like to thank you for your
participation and your kind attention. Thank you
very nmuch.

(Appl ause.)
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DR KEEGAN: Ckay, 1in organizing this
nmeeting one of the things that we had discussed is
the Ofice of Vaccines has many, many years of
experience wth vaccines in relation to infectious
di sease. So the next two presenters are going to
provide us | essons that they' ve |learned with respect
to infectious disease and hopefully this wll
provide you sone insight and sone guidance into
i ssues that you can think about in relation to tunor
vacci nes.

So the first presenter is Dr. Donna
Chandl er and she's going to talk about |essons from
preventive infectious disease vaccines in relation
to bacterial vaccines and adj uvants.

DR. CHANDLER: Can you hear nme? |Is this
going to be okay? There we go. Thank you, David
for your help.

"' m Donna Chandler. 1'min the D vision
of Vaccines and Rel ated Products Applications in the
Ofice of Vaccines Research and Review and | did
i ncl ude a phone nunber and you're welcone to call if
you have specific questions about bacterial and
viral vacci nes.

This is an outline of what I'd like to

try to go over with you this norning. I'd like to
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gi ve sonme exanpl es of preventive bacterial vaccines,
talk a little bit about preclinical studies and
vacci ne adjuvant issue, go over sone of the clinical
data that we expect to see for vaccines and then
finally help with -- give a list of sonme of the
common pitfalls that we've seen. I"m tal king from
the experience wth bacterial vaccines and nost of
what |'m going to say, in general, applies to vira
vaccines as well and then Dr. Albright will focus on
viral vaccines and cell substrate issues.

This is a list of the preventive vaccine
exanpl es. We have things such as toxoids, such as
di pht heri a, t et anus and pertussis t oxoi ds,
i nactivated bacterial vaccines such as whole cell
pertussis, purified antigens such as pertussis
finbria hemagglutinin, the 69K protein or protastin,
typhoi d pol ysaccharide the VI polysaccharide is a
purified anti gen and t hen t he pneunococcal
pol ysacchari de anti gens in t he 23 val ent
pneunbcoccal vacci nes.

We al so have exanples of live attenuated
bacteria such as the salnonella typhi Ty2la. Thi s
is actually the only oral bacterial vaccine that we

have currently approved.
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There are reconbinant proteins such as
the lyme reconbinant outer surface protein A e
al so have conjugate vaccines. A success story with
the henophilus type b PRP-CPM pol ysacchari de
conjugated to protein. We have a nunber of these
types of conjugate vaccines approved and then |
would also like to nention conbinations that it is
feasible to conmbi ne a nunber of vaccines such as the
DTP whol e cell pertussis, henophilus conjugate which
is tetramune and hepatitis B henophil us convax.

Now let's see, okay, in terns of
t herapeutic vaccines currently we don't have any
t herapeutic vaccines approved for an infectious
di sease indication. BCG Live is approved for
bl adder cancer but that probably works by a
nonspeci fic stimulation of imune nechani sns.

This is kind of an overview slide of
what we woul d expect to see in terns of a preventive
vacci ne devel opnent. W would like to see, of
course, clinical data on safety as well as efficacy
dat a. W would expect to see information on
manuf acturi ng consi stency. There are specific Code
of Federal Regul ations requirenents such as potency,

sterility, purity, identity and we're still nmandated
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to use the General Safety Test for vaccines unless a
specific exenption is requested.

Stability is inmportant to establish an
expiration date. The package insert or |abeling has
to be developed and the safety and efficacy data
woul d be presented at the Biological Products --
Vaccines and Related Biological Products Advisory
Committee and of course, a pre-licensing inspection
of the facility would be required.

l'd like to nove a little bit nowto --
whoops, | think we skipped one. Here we go. kay,
fine, thanks.

I'd like to talk about the vaccine
preclinical studies. | don't want to go over the
sane sorts of things that Dr. Essayan presented, but
they differ a bit from classical drugs or even
therapeutics in the Ofice of Vaccine. For one
thing, nobst vaccines have |imted toxicity and
they're given in |imted doses, generally, maybe one
to five doses over nonths or years. But in terns of
preclinical data that we would expect to see, we
would like to have sone information on potency and
I mrunogeni city. | munogenicity is a very inportant
aspect of vaccines and we rely on it a great deal

Pyrogenicity, the rabbit pyrogen test or LAL test
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for endotoxin, in sone cases the CRF actually
exenpts bacterial vaccines frompyrogenicity, but we
usual ly see that as a test.

Chal l enge and protection studies in an

animal nodel. |If an appropriate ani mal nodel exists
is inmportant and useful data for wus. For live
or gani sns whi ch have been at t enuat ed, t he

docunentation of the |level of attenuation s
i nportant. For bacterial toxins which have been
inactivated, we wuld want to have information,
expect to see information to show that that
inactivation is conplete or to docunment the extent
of inactivation and also to show that reversion does
not occur on storage.

Private characterization issues would
i nclude the necessary aspects such as, for exanple,
a pol ysacchari de conjugate vaccine. W woul d want
to see i nformation on t he ratio of t he
pol ysaccharide to the protein carrier and perhaps
any information on the percent free pol ysacchari de.

It's becomng nore relevant that we

woul d expect to see good | aboratory practices safety

study to support a Phase 1 clinical trial. And

while this is still developing or this policy is

still evolving, |I think you woul d expect to see nore
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requests for ReproTox studies for vaccines that were
intended to be used in adults.

I'"d like to go over quickly sone of the
adj uvant issues and in this case |'m using adjuvant
as defined as an agent that augnents specific i mmune
responses to antigens. Currently only alum num
conmpounds, alum alum num phosphate and al um num
hydr oxi de are the only conpounds, the only adjuvants
approved in currently |licensed vaccines. These
specific antigen adjuvant fornulation is |icensed
and adjuvants alone have not been approved for
generic use wth vaccines.

There are a couple of references 1'd
like to refer you to for preclinical studies for

vaccines with adjuvants in AIDS Research in Human

Retroviruses and there's also a list of about 80

products in a conpendium of vaccine adjuvants in

exipients in the book Vaccine Designs, Subunit and

Adj uvant Approach. And this was conpiled by Fred

Vogel and M ke Powel | .
This contains a list of structures, uses, chemca
and physical properties and safety and toxicity in
t he adj uvants.

kay, 1'd like to kind of go through

quickly some of the principles for toxicologic
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studi es of adjuvant and vacci nes. Basically, our
experience was alumnum conpound supports the
safety. In other words, we wouldn't require
addi tional studies on the alum num adjuvant al one.
However, if an adjuvant, a novel adjuvant is being
used, we woul d expect a single repeat dose toxicity
study and as we get, see nore adjuvants and we are
nmoving toward the real ns of studies that need to be,
that have been done and are required for the nore
cl assic drugs.

The principle again, as you' ve heard and
wi |l probably hear again, the preclinical study that
you choose, the preclinical information should
support the proposed clinical trial.

The exact antigen adjuvant conbination
that you would propose to use in the clinic should
be evaluated in your preclinical study because we
have seen instances where the antigen may contribute
to the adverse reactions or the reactogenicity of
t he conbinati on. The absolute cumul ative dose in
animals should be greater than the intended
cumul ati ve human dose. The annual study should
i nclude or use the route of adm nistration intended
for human use and should be given in episodic doses

over several nonths rather than every day for two
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weeks which mght be nore of the classical drug
approach, so that the use in animals reflects how it
will be used in humans.

The dose per injection should be equal
to or exceed the human dose and the guidance that
we've been giving sponsors is that if you ve got
your vaccine fornmulated in half a mM or one m that
you can give that to rabbits. Then you've got, on a
per kil ogram basis, you've got a considerable margin
of safety.

And then there are controls to be
considered. The adjuvant al one should be included,
again as a control for the potential that the
conbi nation may be reactogenic and the antigen al one
should be included or formulated with an alum num
conpound to show that the adjuvant actually makes a
contribution to the i mmune response.

Next one. |'"d like to turn to the next
couple of slides dealing with the vaccine clinica
data. The safety, of course, is an essential aspect
and we need to identify the potential specific
adverse events that would be observed. Wul d be
| ocal and system c reactions, as well as immedi ate

and late and long term reactions and basically you
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woul d be gathering the rates and incidents for the
package insert.

For nost vaccines, we're |ooking at
being able to detect an event rate about 1 in 100.
There should be an adequate safety data base. For
exanple, for the newy approved acellular pertussis
vacci nes which are given to infants at two, four and
six nonths, we have about 5,000 total subjects in
each of those -- for each of those products. o
course, you have to keep in mnd the risk benefit
assessnment that preventive vaccines are primarily
for heal thy individuals.

Efficacy is generally expected for all
novel vacci nes. It's inportant to define and cone
up with the prospective primary endpoint which wll
determ ne your sanple size. Mst vaccines, | would
say, we're looking a target efficacy of about 70
percent in the per protocol cohort.

| mmunogeni city and bi ol munogenicity for
vaccines, nost of the time we're talking about
serol ogi ¢ anti body responses, is used -- we rely on
I munogenicity quite a bi t for det er m ni ng
manuf act uri ng consi stency. Mbst preventive vacci nes
include a clinical | ot consistency study for

approval .
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The i munogenicity is used for bridging,
for bridging from different popul ati ons, for
bridging different regi nens, dose and schedule, for
bridging lots and also for bridging manufacturing
changes.

| mmunogenicity can be used potentially
for the surrogate for efficacy if correlates of
protection have been established. And the types of
i mmunogenicity data we're looking at in ternms of how
a product woul d be approved, currently we're | ooking
at percent responders or response rates, geonetric
mean titers or geonetric nmean concentrations of
anti body and the reverse cunulative distribution
curves which are very helpful. Those plot the
percent of subjects that respond wth increasing
titers or concentrations.

But in addition to the clinical data
that needs to be developed during the IND phase,
there are also sonme nonclinical i ssues that
definitely have to be considered. Agai n,
consi stency of manufacturer is very inportant for
vacci nes. The process is very inportant and we

consider in sonme cases that the process defines the

pr oduct . Quality control testing for product
rel ease has to be devel oped and a potency -- potency
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is adifficult concept -- it's difficult to define.
It's not necessarily obvious what's going to be an
appropriate potency assay and it takes considerable
t hought and consideration, but basically, you need
an appropriate potency assay to be able to di spense
a safe and effective dose.

Stability would use the -- also would
oftentimes incorporate potency, would include real
time data to support an expiration date. Al so keep
in mnd during the IND phase, again having
appropriate immune assays and to be able to
appropriately diagnose the disease that you are
hoping to prevent.

And now I'd just like to spend the |ast
few slides just going over sone of the common
pitfalls that we've seen in vaccine | ND subm ssi ons.
These could be the basis for clinical hold if
they're serious enough because you have to renenber
the popul ation for nobst vaccines is normal, healthy
subj ect s.

In terms of preclinical data, sonetines
we seen imunogenicity data is |acking and even if
it's there the experinental data details are

i nconpl et e. Basically, we need information on 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

25

124
lot, the dose, the route and the assays that are
bei ng used to evaluate the i mune response.

Agai n, the preclinical studies are
i ntended to support the safety and the dose proposed

for use in the clinical study.

Next . Manuf acturing information and
variable conditions are frequent problens. ' ve
seen folks say well, we centrifuge from 2 to 24

hours, but what's inportant is to include the exact
information and the exact procedure that has been
used to prepare the lot that you intend to use in
your clinical trial. Again, lot, inportant |ot
rel ease or in-process test results may be |acking
and again this should be | ot specific.

Potentially t oxi c subst ances, for
exanpl e, organic solvents, validation of renoval or
assays for residual conponents should be included
and adventitious agents, inadequate testing or
i nadequate informati on on source materials can be a
probl em for I ND subm ssi ons.

Next one. Lot information 1is, of
course, required. Sonetinmes we see in the protoco
the ot that the sponsor plans to use has not been
clearly identified and our recommendation is that

you nunber your |ots very early in devel opnment so
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that you can follow each, follow changes in
manuf act uri ng and testing and relate t hat
information to -- back one. |I'msorry -- to be able
the relate the information obtained with various
| ots. It's inportant to identify the lots and
nunber themearly.

A sumary table for Jlot information
should be provided which would include the test
that's being perfornmed, the stage of manufacturer
what the acceptance criteria are and the test result
and then the appropriate data can be attached.

And then there are protocol issues. W
recommend that subjects submt the subject diary
and/or the case report form to denonstrate how
adverse events are going to be nonitored. Assays
describing how the immune response is going to be
eval uated shoul d be included. Again, the endpoints
are critical as well as the case definition for
efficacy studies and include the statistical
anal yses, including any planned interim analysis.
And oftentines we see inconsistencies in the
subm ssi on. It's inportant to be consistent, that
the protocol, the investigator's brochure and the

consent formessentially detail the sane study.
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That concludes ny slides. Just to
qui ckly summarize again, preclinical studies should
be appropriate to justify the clinical study, i.e.,
that the sponsor has concluded that it is reasonably
safe to conduct the proposed clinical investigation,
and the IND process is a nechanism to collect data
to support the eventual |icense application. You
need to have clinical safety and efficacy data and
remenber to keep in mnd the product devel opnent so
that you can prepare, cone up with a consistent
product at a safe and effective dose.

Thank you.

(Appl ause.)

DR. KEEGAN: Okay, our final speaker
this session is Dr. Allen Albright. He's going to
be tal king about |essons from preventive infectious
di sease vaccines in relation to viral vaccines and
adj uvant s.

DR. ALBRIGHT: | mght step around here
so | can see ny own slides. |1'mhere to talk about
| essons that we've learned from preventive vacci nes

for infectious diseases, mainly viral vaccines and |

feel like a fish -- I'"'msorry, you can't hear ne.
I"'m Allen Al Dbright. I work in the
Di vi sion of Vacci nes and Rel at ed Pr oduct
SA G CORP.
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Applications Branch which is part of the Ofice of
Vacci nes at CBER Again, these are preventive
vaccines that |I'm going to be talking about, but
there is sone overlap in terns of the way viral
vacci nes are produced, so hopefully this information
will be helpful and relevant to you.

To give you an idea of where | want to
go with the talk, first of all an overview. I want
to touch on first of all the regulatory authority
that we have for viral vaccines, give sone exanples
of viral vaccines. We'll spend a great deal of
time, not too nuch tinme, on safe viral vaccine
pr oducti on, mai nl y covering I ssues of cel l

substrate, viral seeds as well as product testing.

| wll touch a little bit on potency as well as
consi stency of manufacture. Again, these points
have been discussed, but | wll wunderscore those

points and then talk a little bit about what we see
interns of IND pitfalls for viral vaccines.

In ternms of the regulation of viral
vacci nes, again as biological products, these cone
from the Code of Federal Regulations, or the CFR
mainly 21 CFR 312 and 610 and these are to insure
product safety. CBER al so has Points to Consider

docunents and other guidance docunents which are
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very handy and that we use also to help regulate
t hese products.

O her docunments that we refer to and
al so use as qguidelines wuld be the I CH guidelines
as well as the WHO Wrld Health Organization
standards or requirenents.

| thought 1'd put a slide or two in here
about regulatory philosophy at CBER and again
primarily is to wevaluate and identify safety
concerns as they relate to product manufacture and
clinical design which Dr. Keegan highlighted
earlier. We're also very concerned about quality
control of your production process. Agai n, good
quality control wusually neans a safe product and a
consi stent product, so that's inportant.

O her safety evaluation considerations
and | put this up here mainly because I'm in the
Ofice of Vaccines and | know nost of the people
here are concerned with O fice of Therapeutics, but
again there are differences in terns of safety
eval uations, of course, for intended use, either
prophyl axis versus therapy, again different risk
benefit concerns; different target populations, are
you going into healthy infants versus sick patients;

routes of admnistration, cunul ati ve nunber of
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doses; severity of disease and whether the nedica
need is unnet, again, just evaluation for safety
consi derati ons.

Safety considerations as it pertains to
product, again, there can be different |evels of
product purification or viral clearance. Wen we're
talking about a live viral vaccine, again, we're
basically t al ki ng about a filtered culture
supernatant versus a reconbinant subunit vaccine
which could be highly purified and you have
significant purification procedures, so there are
differences in the level of purity.

The extent of inactivation, again, wth
a |live vaccine there's no inactivation there.
| nacti vated, of course, would be inactivated and
again woul d probably reduce the |evel of risk.

What exanples do we have of viral
vaccines which are l|icensed and again, these are
categories of viral vaccines here on the left.
They're live attenuated, such as the MVR neasl es,
munps, rubella; the live oral polio and the newy
Iicensed rotovirus vaccine. There are inactivated
vi ral vacci nes such hepatitis A i nfluenza,

i nactivated polio and rabies.
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There are purified protein subunits
whi ch are made out of reconbinant cell substrates or
yeast such as the hepatitis B vaccine or peptides.
Two other viral vaccine types are the viral vector
reconbi nant, again, and the DNA vacci nes. Agai n,
both of these vaccine types of investigational at
t hese st ages.

"1l spend the majority of nmy tine
tal king about the traditional vi ral vacci ne
manuf acturi ng approach, but again, because viruses
are produced in cell lines, sone of these issues are
cross cutting.

Ckay, in terns of safe, viral vaccine
production, we use a conpl enentary approach and what
| nmean by that is there is characterization of a
cel l substrate for identity, endogenous and
adventitious agents. W have certification of cel
culture nedia, viral C history and characterization,
your validation of manufacturing process for renova
and activation of viruses, release testing of bulk
and final products.

Also, there's in-process testing for adventitious
agents to see whether those are introduced.

In terns of cell substrates, again, each

manuf acturer nmust characterize a cell substrate,
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banked and used in production. In terns of history
and isolation of the bank, growth characterizations,
kar yol ogy and t unor genicity, freedom from
adventitious agents. And these pertain to nmaster
wor ki ng and end of production cells.

In terms of identity testing, we have
nor phol ogi es, species of origin, cell passage
nunber, copy nunber and physical state of expression
construct and again, these would pertain to
reconbinant proteins made from cell substrates.
We' d ask that you would characterize your expression
system in other words, give a handle on genetic
stability and integrity if that's applicable.

Ckay, the rest, there's sort of a Ilist
of adventitious agent tests that we use. Agai n,
sone of these have been nentioned and |'ve listed
the CFR references there on the right, issues such
as bacterial and fungal sterility, nycoplasns,
spiroplasma in the case of insect cell substrate
mycoplasma testing for cultable and noncultable
mycopl asma, mycobacteria testing these both in
animals and in culture, |ooking for adventitious
viruses both in vitro and in vivo techni ques, again,

| ooking for acute lytic viruses as well as Ilatent
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viruses such as retroviruses or other oncogenic
Vi ruses.

Ckay, in terns of adventitious virus
tests in vitro and again, a lot of these are spelled
out in the guidance docunents, I'Il highlight at the
end. These tests are perforned on nonol ayers of at
least three different cell types including sane
species, tissues of substrate, human diploid cells,
nmonkey kidney cells. There are tests for
henmpabsor bat e, henoabsorbing and henmagglutinating
viruses and again, as nentioned earlier, testing of
your raw materials such as fetal bovine serum and
Trypsin for bovine and porcine paraviruses as
outlined in 9 CFR And with the fetal bovine serum
again, we ask that you wuse sources that are
confirmed BSC free or certified sources for bovine
spongi form encephal opat hy agent.

There are in vivo tests for adventitious
viruses in your cell substrates including adult
encephaline mce, enbryonated hen's eggs and when
appropriate in vivo assays including guinea pigs,
rabbi ts and/ or nonkeys.

Ckay, if wyou're wusing a rodent cel
substrate such as nouse, rat or hanster, you can do

the MAP, RAP, HAP tests respectfully and | ooking for
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anti body production when you inject these cells into
these animals and you |look for species specific
viruses which nmay be present in your rodent cell
substrate.

In addition, you're going to |ook for
| ynphocytic chorioneningitis virus or LCM | f
you're using a human cell substrate and we may ask
for tests for viruses such as Epstein-Barr virus,
CW, hepatitis B and C, naybe there are others. You
can use in vitro techniques, sonetines to |ook for
t hese such as PCR We're al so concerned about the
tissue source and the donor nedical history for
these types of substrates. So those issues are very
i nportant.

Ckay, other adventitious virus tests,
retroviruses is an inportant category and usually
retroviruses tests are done by transm ssion,
el ectron mcroscopy or TEM Reverse transcri ptase
assays are used, as well as infectivity assays. And
if appropriate, depending again on your cell line
we may ask for papilloma virus tests, adenoviruses,
HHV 6 and ot hers which becone known to us.

Ckay, once your cell substrate is
characterized again another level of safety again

woul d be your viral seed testing. And again, this
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would apply for live viral vaccines as well as
i nactivated vaccines, where you use viral seeds.
And |1've summarized here sone of the testing that
will be required for typical naster and working
viral seeds for adventitious agents. You do control
cells where you | ook for observation, hemadsorption
and identity. You do supernatant of control cells
| ooki ng at inoculation on cell cultures, mcroplasm
and sterility. Once you've titered your virus or
your viral stock, you do a viral suspension test
where vyou |ook at sterility, mcroplasm, cel
culture testing, enbryonated egg inocul ation, aninal
i nocul ation, RT testing, titer and tubercul osis and
identity. Again, a lot of tests, but you want to
make sure that these viral seeds are safe as well as
the cell substrate.

Ckay, once the seeds in the cel
substrates are characterized and qualified, we may
| ook at your cell substrate for validation of viral
elimnation fromyour manufacturing and purification
process. Again, the tests that |1've described
previously can detect adventitious agents, but your
manuf acturi ng process may serve and should serve to

renove these types of agents as well. Again, this
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woul d apply for inactivated viral vaccines and/or
cell line-produced reconbi nant proteins.

This would involve -- 1"l highlight
these four here: sel ection of appropriate viruses
in these types of tests, physical renoval versus
i nactivation, ki netics and conpl et eness of
inactivation and an estimation of conbined effect.
| won't nention these two, but these are outlined in
the Points to Consider docunent. Each step needs to
be analyzed for its ability to elimnate virus as
well as you can do a scaled down manufacturing
system approach to | ook at that.

Ckay, viruses used in viral clearance
studies typically shall resenble viruses that could
contam nate the product, should represent a wde
range of physical chem cal properties and include
relevant viruses or specific nodel viruses and
nonspeci fi ¢ nodel viruses.

What are nodel viruses? Agai n, these
would be typically nodel viruses of DNA or RNA
genones, enveloped and nonenvel oped, |low to high
physi cal chem cal resistances, small to large and
viruses that can be grown to high titer. I n ot her
words, viruses at different ends of the spectrum

but again, if you can elimnate the small and the
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| arge, typically anything in between should be also
removed, so that's the idea wth that.

And di stingui sh between physical renoval
of these adventitious agent or viruses versus
i nactivation of the viruses in your manufacturing
pr ocess. Both serve as a nechanism for vira
reduction, but again, nechanism of a |loss of viral
infectivity should be determ ned at each step.

Okay, just a point here on effectiveness
of inactivation. If you're inactivating your virus
in cell culture, you need to validate the kinetics
of the inactivation and that's where you test
residual infectivity of sanples during inactivation
the process at different time points. The
purposes of this is to establish an inactivation
curve and we hope to see a linear decline in
infectivity at time of inactivation.

I ncluded in that, but separate, is also
a test for conpleteness of inactivation, where once
you' ve generated your material or your product, you
want to test nultiple dose equivalents such as two
time points and typically this can come at the
m ddle and the end of the inactivation period and
what you're |ooking for here is that there would be

no CPE or cytopathic effect or imunofluorescence

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

137
antibody results in cell culture indicative again of
live virus.

Very quickly here after vyour vira
inactivation 1is finished you want to do an
estimation of conbined effects of the inactivation
and the clearance from your manufacturing process.
And there's a need to quantitatively estimate the
overall level of virus reduction achieved. It's
inportant to denonstrate that in your process
there's an excess capacity for wviral «clearance
W thin your system It's inportant to conpare the
anmount of virus elimnated to the anount of virus
present in the unprocessed bulk drug and that's
usually done by TEM or transm ssional electron
m cr oscopy.

Lastly here, it's inportant to cal cul ate
the virus reduction and estimate the virus particles
per dose of your vaccine. That's outlined in the
| CH gui dance docunent referenced here. So how
much did your process really elimnate virus
conpared to what you inactivated versus what's in
your final dose.

Ckay, so you characterize your cel
substr at es. You characterize your viral seeds.

You' ve | ooked at your manufacturing process for its
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ability to renove these agents. You want to do
final or product testing as well as to finish your
conpl enmentary approach. Again, purity tests and
|"ve listed here a nunber of things that we | ook
for, residual <cellular protein, DNA RNA serum
pr ot ei n. You can use BSA as a nmarker. Endot oxi n,
nmoi sture, ancillary products from your manufacturing
process such as protease inhibitors, antibiotics.
Again, the cellular protein, [I'll just highlight,
sonetinmes this is inportant in terns of what types
of cell substrates you're using, in terns of what
kind of cellular protein m ght be hangi ng around.

Sterility, of course, is done; genera
safety tests, except for those products which are
exenpt, specified products such as therapeutic DNA
vacci nes are exenpt, are in that category.

There's al so product release testing of
bul k and final products. Again, we also like to
| ook at any in-process testing that you may do to
prove that there were no adventitious agents
i ntroduced during the manufacturing process.

Pot ency. "1l highlight that in a
mnute is done and then there may be other
characterization tests that are not part of your | ot

rel ease, but again such as mass spec, N and C
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term nal anal yses and isoelectric point. Again, the
nore characterized your product is, hopefully the
nore safe it is. So these tests are inportant as
wel | .

To touch on product potency again this
has been highlighted before, but again potency is
basically the specific ability or capacity of the
product to affect a given result and ideally this
should correlate with clinical activity in an idea
world, but we like to see quantitative in vitro
and/or in vivo tests for potency in our office. And
|  would distinguish between biological activity
versus expression for potency assays. And what do |
mean by that? Well, animal assays typically, | know
there's a lot of variability associated with ani mal
assays. They give you a level of neasure of
biologic activity. For a vaccine, this would be an
i Mmune response, an anti body response. And
typically we see assays in mce or guinea pigs.
There are other assays such as ELISAs which people
can use for potency, but these wusually neasure
antigenic content, not necessarily biol ogical
function. However, and sonetines we like to see
both, if sponsors can correlate an in vitro assay to

an in vivo activity, we may accept an ELISA or an in
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vitro assay, but that has to be correlated and
val i dated before we'll accept that.

Potency lastly is inportant because it's
usually associated with product stability which is
i nportant.

One slide here on consistency of product
manuf act urer. Again, we like to see that there's
quality control of the production process to insure
safe, consistent, stable product. Is there lot to
| ot consi stency, etcetera.

One point here, specifically, | know
we've been telling sponsors for live wviral
reconbi nant vaccines when you do a consistency of
manuf acturer proof of concept, | guess, a lot of
times we just see Western blot data that's given and
Western blot alone doesn't really give you a
guantitative estimate of the proportion of virions
expressing the reconbi nant product, although it's an
assay that shows that product is being produced.
W' ve been recommendi ng that i mrunopl aque anal yses
of the wviral stock be performed to show the
proportion of production lots which are expressing

your protein.
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Again, this woul d denonstrate consi stent
expression of the protein as well as denonstrate
that the gene is retained as a stable insert.

Preclinical, I wll not spend any tine
really on this other than to say this is inportant
for viral vaccines as well. [It's inportant to show
that data, in vivo data and in vitro data support
the product's clinical use, nanely, for toxicity
activity and a possible efficacy. Again, as Drs.
Chandl er and Essayan nentioned, adjuvants, novel
adj uvants like cytokines and other inmmunosinulatory
nol ecul es, we license adjuvants with the product,
not as a separate entity, but for novel adjuvants
such as these we usually require separate
preclinical studies to be done.

Real quickly, IND pitfalls for viral
vaccines again wuld fall under the same categories
as Dr. Chandler just outlined, but in terns of all
the testing that has to be done for viral vaccines,
obviously,if there's insufficient information to
assess the safety of the product such as renoval or
i nactivation of these adventitious agents, that's
going to be a problem for your IND subm ssion or
it's going to be a reason that raises question in

our mnds of safety. And usually the testing and
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sonetimes sponsors have done testing, they just
don't provide the docunentation to wus or they
haven't done it at all. So they can fall into
di fferent categories, but again, these would include
tests on your master and working cell banks, nmaster
and working viral seeds and your bulk and final
product tests.

O her issues of manufacturing, again,
vari abl e conditions described, how did you produce
your viral vaccine? It's inportant to describe your
pr ocedure. I n-process testing may be | acking,
again, there may be failure to validate renoval of
potentially toxic substances from your manufacturing
pr ocess.

So in sunmmary, sponsors should make
every effort to produce and | probably should have
put these in quotation marks, should neake every
effort to produce quality products which are as safe
as possible. Quality, per se, cannot be tested into
the product, however, appropriate testing of cell
substrates, viral seeds, bulk and final products, as
well as in-process testing can help insure the

safety of these vaccines.

Thank you.
(Appl ause.)
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DR. KEEGAN: Ckay, since we're running a
little bit short of tinme, | think what we're going
to do instead of having a question and answer period
is let you go to lunch and we will start pronptly at
1 o'clock because we have to be out of this
auditorium at the designated tine here, so we need
to get going. If you have questions on regulatory
principles that were presented, feel free to catch
any of us and ask us questions.

DR. PURI : The cafeterias, as |
indicated, there are two of them in this building
one in the first B-1 level and the other one is on
the second floor. There are other cafeterias that
are available, please pick up the map from the
Regi stration Desk. So we'll see you at 1 o' clock.

(Wher eupon, at 12:14 p.m, the workshop
was recessed, to reconvene at 1:00 p.m, Thursday,

December 10, 1998.
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AFTERNOON SESSI ON

(1: 01 P. M)

DR. STEINVAN:  We have a busy afternoon

and it's time to hear of a nunber of different

presentations on the <clinical use of dendritic

cells. The plan is nost of the speakers really

don't have a lot of time, so there probably won't be

much time for discussion in association with each

tal k, but we do have a panel discussion at the end

and we'll try to have all the questions and
di scussi ons cone up then.

Ckay, so it's 1 o'clock and our first

speaker is Gerald Marti and it's on the current

clinical use of dendritic cells, points to consider.

DR MARTI : If I could have the first
slide, please? |  thought | would begin ny
di scussion this afternoon with a partial list of the

so-called cellular or somatic and genetic therapies
that | have seen cone across ny desk or this
division in the past ten years. Basically, this
started with the LAK and TIL cells and then noved
into transduced cells and a lot of subfractionation
enrichnment procedures for cells which brings us

today to dendritic cells.
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| would say that during nost of that
time | wanted to point out that flow cytonetry was a
very useful took and remains a very useful tool in
studyi ng those. In the last two years, there have
been 40 subm ssions to the Agency that involved the
title "dendritic cells.” Two of those involved HV,
t hree were hematol ogi cal malignanci es consisting of
mul ti-mnmyel oma, anyloidosis and chronic nyel ogenous
| eukem a. There were 14 involving primarily
metastatic nmelanoma and then the remaining bulk
i nvol ves solid tunors

The cell preparations were varied. Sone
used whole blood, sone used unnobilized aphoresis
products. Sone used nobilized apheresis. Those who
mobilized wused either GCSF, GWCSF or flt3L
Almost all of these with the exception of those
i ndividuals are investigators who used whol e bl ood,
used an enrichnent procedure and nost often the
enri chnment pr ocedure was buoyant density
centrifugation.

The cell culture and I'm -- since the
majority of these types of planned therapies were in
the autologous setting, the goal was to obtain
aut ol ogous peripheral blood nononuclear cells to

derive the dendritic cells and in the vast majority
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GWMCSF and 1L-4 was used to derive or expand the
dendritic cells.

In sone situations, interferon gamma was
used and in select situations, the autol ogous PBM
cells were either purified to the |l evel of CD8 cells
or various procedures to enrich CD34 cells and then
the typical cytokines of GW CSF and | L4.

In some situations, activation was
acconpl i shed by using OKT3. That can be soluble or
on beads and tunor necrosis factor alpha and flt3L
was al so used.

The anti gen pr epar ati ons, in al
honesty, | attenpted to summarize the antigen
preparations, but if | started in the upper |efthand
of the corner and wote down to the right hand |
woul d not have -- | would not be able to tell you
There is such diversity in antigens that are used
that | think it is crying out for sonme kind of
consi stency. Dr. Raj Puri had a very long list of
the various and sundry antigen preparations that
have been used. This is representative.

In addition, the antigens that are being
used in these cultures, sone individuals use the
adjuvant, the inconplete froins adjuvant. sonme

i ndi vidual s are using KLH and sone are using tetanus
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toxoid and sone are using KLH and tetanus toxoid

t oget her.

The culturing and antigen pulse is also
somewhat vari abl e. Sonetinmes the culture and the
pul sing is overnight. Sonetinmes it's 30 to 48

hours. Sonetines it's 6 to 7 days with the last 24
hours or overnight being the antigen pulse.
Usually, it is followed by sone mniml wash and
it's used immediately,although sone investigators
are using cryopreservation for either delayed juice
or serial injections. One thing that is not always
so clear is exactly what the cell dose is or the
target dose is. And t he roots of
adm ni stration, although they tend to be primarily
|V, sone investigators use subcut., sone conbined IV
and subcut. and | left the KLH and tetanus toxoid on
there because | wasn't sure as to what |evel they
remai ned in the product that was being infused.

Also in this nodern era of t he
cyt oki nes, they are now being used as adjuvants and
sonme of the adjuvants that are being used are being
admnistered at the sane time as the cellular
vaccine is IL-2,

G CSF, GW CSF and interferon.
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Ckay, cel l product characterization,
nmor phol ogy. | appreciated seeing Dr. Steinman's
nor phol ogi cal presentation this norning. "' m not

suggesting that norphol ogy becone sone kind of gold
standard, but | do think it would be useful for
investigators to nmake a slide once in a while and
look at it, if for no other reason to do a gram
stain.

(Laughter.)

| also have a prejudice that nost
i mmunol ogi sts have never seen a |ynphocyte --

(Laughter.)

-- let alone a dendritic cell. The
whole area of tunor specific assays, be they
proliferation cytotoxicity or cytokine rel ease assay
is going to be the subject of the next session or
the third session tonorrow In the remaining time
that | have, | want to share with you our experience
in flow cytonetry although it does not relate
directly to dendritic cells, we believe that it's
appl i cabl e.

The common i nmunophenotype, Dr. Steinman
outlined very nicely the problens this norning. You
have the origin of the dendritic cell. Is it a

Langerhans cell? Is it nyloid? It is nonocytic?
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It is a dendritic cell? | recently |earned that
| ymph nodes now are believed to have two types of
dendritic cells. And is it an immture formor is
it a mture form This is a rather early phenotype
suggested by Peters, et al., CD1, CD 14 and CD 33,
nore or |less marking the nyel ononocytic with the co-
stinmulatory nol ecul es, CD- 40, CD-64 and sone
adhesi on nol ecul es.

And of course, the classic Dbright
expression of Class 2 antigens here listed as HLA-
DR, DP and DQ

In a nore recent article, Banchereau and
Steinman have indicated that while many of the

nmonocl onal antibodies are not specific, they are

nonet hel ess very wuseful in identifying dendritic
cells. Two of these antigens were nentioned this
nor ni ng. O one of the reagents was CD 83 which

recogni zes an i munogl obul i n superfam |y nmenber and
P-55 which is an actin binding protein. W |earned
this norning that the function of that is not known.
The reason it's called an actin binding protein is
on the basis of its honol ogy.

Sonme of the things that | think people
should start directing their attention to is the

absolute count in whole blood and | wll cone to
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that at the end of ny talk, also, yields 1in
apheresis, what's happening to these markers during
culture and the final product. There's sonme concern
here because in the final product we see values |ike
in 1 to 5 percent dendritic cell cells and other
investigators say that they have 30 to 40 percent.
That's a trenendous anount of variation

Some of the sources of variation,
al though this was froman earlier study that we did,
| think that these are universal. A lot of flow
cytoneter operators don't have a unified instrunent
set up. They don't know what you nean when you say
a calibration curve. And conpensation controls, |
will tell you, that in the beginning we were quite
cavalier about those and then believed that we
becanme very intellectual and sophisticated about
t hem Yesterday afternoon in a two-hour session
with Carlton Stewart, | realized that all of our
i deas concerning controls for color conpensation
have been w ong.

Saturation st ai ni ng IS of ten not

acconplished and when you're |looking for rare

nunmbers of cells, | think you need to consider the
so-called Lyse and No WAsh procedure. If you're
| ooki ng at
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CD-34 cells in an wunnobilized preparation where
there's 1 to 5 per mcroliter and you do one
centrifugation and lose half or all, | think you
woul d agree that a Lyse No Wash procedure is useful.
| can't stress the need to evaluate and

not only nethods of Lyses, but fixation and not all
antigens are the sane. Sone further considerations.
Two and three color is probably a mninmm No
regul atory body recomends single paranmeter or a
single color flow cytonmetry any nore. It has no
power for resolution. | think that it would be very
useful if a consensus panel of reagents for blood
dendritic cells can be defined. | may cone back to
that in the panel session and also a consensus
protocol and a local protocol, so that you can have
side by side conparison. O herwi se, you will have
two |aboratories in the sanme institute doing an
analysis on the sanme sanple and getting two
different answers and they will say that the other
lab is wong and they're right and go on their way.
You have to do a side by side conparison. But even
that is not without its problens. Collect adequate
nunber of the events. | think that depending -- if
you're dowmn at the 1 in 5 percent level, | would

suggest that you start collecting 50,000 events and
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not just 5,000 and 10,000 events that are used so
comonl y.

Fl uorochrome configuration, it's very
i nportant. What fluorochrone do you put on the
nonocl onal anti body and what conbi nati on of reagents
do you put together? And gating strategy | wll
touch upon in just a nonent and I will also in a

subsequent slide nention quantitative flow cytonetry

and training, | won't el aborate on.
Beads. Use them There are siXx
manuf act urers. Choose one and use them lt wll

give you a calibration curve. Pick a set of beads
where the <cells that you're |Ilooking at, the
fluorescence intensity falls between two of the
beads and then you can extrapolate off of your
calibration curve.

Gating strategy. Basically, this is a
| i neage negative approach. Label everything in
there that you're interested in and put the double
negati ves, the basophils and the dendritics down in
the third quadrant or the double negative quadrant.
Recently, there's a nonoclonal antibody that's been
identified, ILT3 that appears to be specific for
dendritic cells in that particular scatter gate.

Al so, nmore recently in addition to CD83, a
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monocl onal antibody |abeled DC LAMP, a |ysosone
associ at ed nenbrane gl ycoprotein which was nenti oned
this norning, has al so been reported.

The reason | listed that is that is a
cytoplasmc, an intercellular antigen and that has a
l[ittle nore stringent requirenents in flow cytonetry
t han surface markers.

If you do this approach where you
essentially identify the populations there using
that cocktail approach which was actually first used
in looking at stemcells in the nouse and then | ater
applied to stemcells in the human, you see that in
that double negative quadrant there's a group of
cells and if you cone over here to the -- | guess |
have a pointer here, well, 1'm shooting nyself.

(Laughter.)

Anyway, here's an isotype control. Here
is the ILT3 isolating the dendritic cells separate
from the CD34 cells. You can also isolate them
using -- see them using CD34 in HLADR and when you
put the HLADR and the |TL3 together, you get co-
expr essi on.

Now if you take that sane approach and
add a third antibody in a cocktail on this axis, you

are able to identify the basophils and the CD34 stem
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cells hematopoietic progenitor cells and you have
nice isolation of the dendritic cells.

| want to point this out to you that
this is a sanple of whole blood and when | started
reading this material, one would have thought that
dendritic <cells were a real rare event in
unnmobi li zed blood. At least in this study it would
appear that about four tenths of a percent of
dendritic cell is somewhere in between the nunber of
resting or unnobilized stem cells and basophils.
That should nake the task a little bit easier, but
this data needs to be confirned.

| am going to close on just to bring to
your attention two reports. This was an NH
consensus report concerning flow cytonetry and
there's a subcommttee report in that that involves
standardi zation. Finally, just recently there is an
issue of Cytonetry, the entire issue is a special
issue dealing wth the enmerging consensus of
guantitative fluorescence and that was in Cctober of
this year. And on that note, I'll end.

Thank you.

(Appl ause.)
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DR. STEINVAN: So again because of tine
constraints, we're going to nove on and we'll have
t he questions and di scussions at the end.

Now you've heard a lot of new ternms so
far, but | wonder if you thought about what you cal
a workshop that has 500 participants. |It's called a
Texas Wor kshop.

(Laughter.)

Qur next speaker is Jacques Banchereau
from Texas.

DR. BANCHEREAU: Good af t er noon,
ever ybody. I'd like to thank Raj Puri and the
organi zers for inviting ne to talk with you about
the dendritic cellite. As you can see here, for
those who have never seen dendritic cells, that's
how t hey | ook, although we have changed a little bit
the color recently, thanks to our confocal.

As Raj told us, the dendritic cells are
present in the major formin the tissues and they're
derived from nonproliferating precursors that
circulate in the blood, that about 4 percent cells
that we just heard about circulate in the blood and
the cell originating from the proliferating

progenitor in the bone marrow
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Now whenever a problem arises, a virus,
a bacteriumor whatever, the dendritic cell's job is
to capture those antigens and then to transformthem
into the secondary |ynphoid organ where they wll
present the antigen to the specific |ynphocytes. I
mean during that tine, the dendritic cells may turn
into this mgjor form then permts the activation
proliferation of the T-cells and also the B cells
eventually die by apoptosis and the T-cells that
have multiplied are now going back into the
periphery and can go back to the site of injury
because of the expression of various addition
nol ecul es on those inflanmed endoterial cells.

Now the T-cells can directly act on the
cells which have been injured or it nmy be an
indirect activation of either using the feline K
cells. Now Il'mgoing to show you sone slides which
represent, sort of a view of dendritic cells which
are different from the ones you mght have seen.
Dendritic cells are sitting here in tissues Iike
those flamngos in Lake Kibazu and whenever the
antigen or the pathogen cone in, the dendritic cells
just fly out of the tissue, carrying the antigen.

They are lending in the secondary |ynphoid organ and
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there they do their job which is to select the rare
antigen specific T-cells here, a zebra --

(Laughter.)

-- in the mddle of the nonspecific T-
cell of the new And now the job of the dendritic
cells is to allow the activation of that zebra and
its suspension into the head of the zebra.

(Laughter.)

Now they will now be able to really do
the job. The final job of the dendritic cells is to
allow the differentiation of the zebra into
cytotoxic effect on as this series of crocodiles.

(Laughter.)

So basically when you want to do
dendritic cell therapy vyou've got to get the
flamngos and get the flamngos to identify the
zebras and get the zebras to becone a crocodile and
that's basically all what we are trying to do.

(Laughter.)

The problem that we have had wth
dendritic cells is we know there was a honobgenous
popul ation of pink birds, but it is not. There is a
consi derabl e heterogeneity between the white birds,
the pink birds and the deep red birds. And this is

the heterogeneity which is in the label of the
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maturation |level froma precursor to an immature to
a mature dendritic cell. This is the heterogeneity
in terms of the various subsets of dendritic cells.
And up until a few weeks ago |I would say | have seen
in the blood three different precursors of dendritic
cells. I would be convinced that the nopnocytes
woul d be precursors of dendritic cells as well as
macr ophages, that there is a population of CD11C
plus cells that Raj had identified that we had
identified and others have identified which we felt
were the germ nal center of dendritic cel
precursors and that there was also a popul ation of
CD11C mnus dendritic cell precursors which we had
identified in ny former operation in France as being
a plasmacytoid T-cell, very interesting population
of dendritic cells.

| do believe now that there's a little
| ess because of the specific experinent. W have
sorted the CD11C plus dendritic cell precursors from
t he bl ood and have found that whenever we grow those
cells with GV and TNF, they becone dendritic cells
while if we grow them with MCSF they becone
macr ophages.

Now furthernore, you see that when they

have been grown with GM and TNF they are very strong
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activator of allogeneic CD14 sensors where |I've told
you the proponent assay for all our testing, while
t he macrophage would be for activators. So we do
believe today that this is a kind of an activated or
different shaded nonocyte that has that dual
potenti al . W believe, actually, that a nonocyte
that is cultured with R4 is basically that cell and
possibly in the circulation that cell may be a
nmonocyte that has encountered L4 possibly from nmass
cells or others.

Just one words about the CD11C m nus
dendritic cell precursor. W believe this cell 1is
really the human equivalent to the nouse |ynphoid
dendritic cell. W believe it's for one reason is
that Hurgenspitz has identified in the blood of --
in the human blood a precursor of T-cells which
actually has the characteristics of those dendritic
cells. Fur t her nor e, Hur genspitz has al so
denonstrated that dose plasnocytic T-cells, the
CD11C mnus dendritic cell express the pre-T-cell
recept or.

So we just know very little about,
except for the very inportant finding of Joung Jin
Liu now wth Denex that doses nay be inportant

i nduci ng TH2 responses.
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In vitro work has certainly sparkled a
| ot of enthusiasm for dendritic cells and their use
i n therapy. Now really two nmj or pathways, as you
know, the pathways that we've been involved in
i dentifying from the CD34 progenitors when
Chri stophe Coe was a student, in France and the
pathway that Ralph Steinman and Antonio Lanzo-
Vecchi a have popul ari zed fromthe bl ood nonocytes.

I'"'m going to talk nostly about that
because there will be nore talks about this during
this day. Wile we have been focusing on the assay
and telling you that there are actually two subsets
originated from CD34, subsets which is a typical
Langerhans cell subsets which are the dendritic
cells in the epithelial and the subset which we |ike
to call the interstitial DC subset which is in nost
of the other tissues.

That cane, really, in experinents done
by Christophe alnost 10 years ago now when he
identified that TNF alpha was synergizing wth
either 1L3 or
GMCSF to induce strong proliferation of C34
progenitor and that was at that tinme totally
unusual , so Christophe had grown the CD34 from the

cow blood with L3 and you have good expansion here
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after 8 days or wwth GW CSF here after 20 days. But
addition of TNF was resulting in a considerable
expansion. | insist on that slide, not only because
it took us into Texas, so to speak, but al so because
it is showng a considerable expansion. The
probl ens that we have nmet with the human bl ood, CD34
by conparison to the cow blood. And although also
t hose experinments we have done wth fetal calf serum
and what | will report afterwards is not done wth
fetal calf serum

So when Christophe |ooked at those
cells, the C34 cells neither expressed CD14 nor
CD1A, but after Day 3 or Day 5 we had two
popul ations clearly showing up, a CD14 plus and a
CD1A plus and then when the days pass by, Day 7, 8,
we start to see another population in between and at
the end we only have CDl1A cells.

Now Chri st ophe has done all the studies
and denonstrated that indeed the cells with the CD1A
are true Langerhans cells because they express
Bi rbeck granule, because they express the |lag
antigen which is associated to Birbeck granul e.

On the other side, the cells which have
the CD14 and which even becone CD1A positive are the

ot her dendritic cel l popul ati on and nmyl oi d
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interstitial DC which expresses CD68 and sonething
typical of the dermal dendritic cells which is
factor 13A of coagul ation. So we can isolate two
different subsets within this population and it was
for us an attraction to do the clinical studies with
those cells for that very reason

W found with a lot of effort, we found
one major difference between those two popul ations
in addition to those phenotypic differences. It was
an assay relying on studying the B cells. Here in
this nenage a trois where the dendritic cells, the
T-cells, and the B cells permt very efficient
i nmuno response, Chri st ophe f ound t hat t he
Langerhans cells of the interstitial dendritic cells
were both about to induce and enhance the B cell
proliferation, bot h about to i nduce t he
differentiation of nmenory B cells into plasma cells,
but only the CD14 popul ation, interstitial dendritic
cell population was able to induce what we call the
primary B cell reaction. That neans to take a naive
B cells and make it secrete IGMin a response to L2
and this is why we are very interested or so in
testing in vivo whether there will be considerable

di fferences between the dendritic cell popul ation
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The Langerhans doesn't do the job at all, while this
popul ati on does the job.

Now that brings us with -- although we
start to have sone idea about the population, we
haven't solved all the problens. W do believe that
the nonocytes and the CD14 population really
correspond to the dernp dendritic cell and
interstitial dendritic cell popul ation. Now wher e
the Langerhans cells cone within that whole schene
is conplex to explain at the nmonent, but in view of
the research of Frederick GCeissman who said that
with TG beta | could get nonocytes to becone
Langer hans cells, sonething | know 1is being
di scussed by ot her groups.

So that is a question that 1is not
entirely clarified, at least in nmy mnd. If you
have a solution, help ne, please.

O course, doing in vitro studies is
fine, but to really prove the point, you really need
to do the in vivo studies and it was very difficult
for me to be in the hospital nearby, the research
center in Lyons. So we decided in a positive way,
we found a hospital and built a research center to
do those experinents and this is why | noved to

Bayl or at Dallas where we want to study the rol e of
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dendritic cells and induction of immnity in cancer
and in infectious disease and we w Il discuss that
next tine.

To do t hat , we have sever al
possibilities, of course, which is the source of the
DC precursor/progenitor, the CD34 HPC is, of course,
one which we devel oped and can talk a bit about the
nonocytes. There is the FH3L APC and we're going to
hear today about this puzzling cell, the fibrocytes.
The problemalso with CD34 HPC is imense. It's not
so sinple because according to the way you nobilize
the C34 HPC in the blood, either you take it from
t he bone marrow, or nobilize with GCSF, GV and FH3L
we w il see differences.

The problem of the isolation of the
progenitor and precursors, what nethods, what
techni que, purified, not purified. This is going to
be inportant. It adds cost, but it also adds bias
in the population that we're isolating.

The problem that we're going to have to
generate the dendritic cells, ex vivo, we wll hear
about making dendritic cells w thout cytokines. I
have not been able to do it and the problem of
putting the cytokine is a problem for, of course

numer ous reasons. W need to worry about the
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quality of the DC and what are the criteria that we
use for rel easing those cytokines.

Well, manipulating dendritic cells can
be done at three levels and today |I'm going to be
insisting on one which is the closest to the clinic,
is this one where we just manipul ated them ex vivo.
W load them And | want to discuss in great |ength
the loading of the dendritic cells and then the
reinjection.

W are now studying dendritic cells
generated by recirculating with GCSF. W are
isolating the CD34 HPC and we grow them wi th GwW CSF
and TNF. W started with the stemcell factor. W
are now doi ng experinents with flt3L since we didn't
see that many differences.

Today, actually, our first patient is
showing up to get his GCSF treatnent and Monday he
is going to get his aphoresis. W're going to
purify the CD34 cells on Tuesday. The CD34 cells
are going to be frozen in aliquots. VWhat we're

going to do from Tuesday, we're going to ex vivo

generate the dendritic cells and first we wll do a
| aunch. W will see whether those cells can be
giving dendritic cells. It's going to take about

two weeks. Once we are happy, we're really going to
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do the real experinents, throw the CD34 cells, grow
them and then |oad them W are using KLH in our
experinments only in the fourth injection are we
using TT because of Ruff and Garontul a experience
that this may really give fever if we are to put too
much of it. And then we are loading with the four
peptide of a MART GP100 tyrosinase MASH 3 which is
also a big problemis the |oading of the peptide
how do you load with the peptide and so forth. W
have been discussing that in great |lengths with Myos
Nul | . W're going to try sonething. We hope it's
t he best.

Now t hose dendritic cells are
admnistered in form of injection into a patient
every second week and the one question we have
deci ded bei ng unable to address what is the best, we
say we're going to use part IV and part subcut or
intradermal ly probably and this is going to be in
three different sites. The dendritic cells that we

generate actually are dendritic cells at an

internediate stage of differentiation. W don't
want fully inmmture. W don't want fully mature
W want in between. W want dendritic cells as

those that have encountered the pathogen that wll

mgrate optimally to the |ynph node. The nunbers
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that we're injecting are between 10 to 5 and 10 to 6
DC per kilo for 70 kilo individual. No comment on
t hat . It's between 7 mllion and 70 mllion, four
times. And one nonth after the end of the trial of
the dendritic cell injection, we wll treat the
patient wth interferon alpha because it's an
approved therapy of nelanoma and nore inportant to
us, because if we generate the crocodiles, we want
the crocodiles to recognize the antigen which is the
MHC C ass 1 and we hope that the WHC Cass 1 will be
off regulated by interferon al pha on those cells.

Now a | ot of issues. When we have used
and when we are using for our cells, the criteria of
cell expansion, the criteria of the percentage of
the CDLA and CD14 and the ability to induce T-cel
responses. O course, using those criteria, we had
to study all the paraneters of the purification
serum or the nonserum the length of the culture
the stages and so forth.

The cultures are presently done in a
serumfree condition where we have an expansion
which is between 1.9 and 3.4, expansion that is
reaching a maxi rum after 10 days. W start cells at
5x10°> per mil and we expend about three fourths.

The third that we generate contain both Cv14 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

169
CV1A popul ation as we have seen with the cow bl ood,
in spite of the absence of serum Now the
percentage of positive cells is variable. W have
between 10 and 30 percent of CDl1A cells. W have
between 25 and 40 percent of CD14 cells. Al the
other cells are Cass 2 positive, are DR positive
and we believe they represent sonme kind of
undi fferentiated nonocyte precursors or whatever,
sonething like that. Those cells reach a nmaxi mum
after 9 days of culturing usually. Now if we add
autol ogous plasnma to the culture, we don't get an
i ncrease of both cells usually. It doesn't help us.
In both cell types can induce a neural reaction, be
that's totally serumfree or be that in autol ogous
pl asna. The one consideration we are doing now is
we are testing, we wll be testing for each of our
patients there on plasnma because they have been
nmobi i zed. At the nonment we haven't been able to do
that specifically.
So for releasing the dendritic cell, we
just want to have cells which are nore than 80
percent viable. Two hours before adm nistration we
do Gensa staining and they don't look Iike
fl am ngos. The phenotype we do study two hours

before adm nistration C ass 2, CD86, CD1A, CD14. W
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have a gram staining 24 hours before adm nistration,
a bacteria culture 48 hours before admnistration
and then every region is tested for endotoxin
cont ent.

Now this is a trial that we are doing
with the peptide. And for us it's kind of a setting
of the schene. Many alternatives can be used to
load the dendritic cells. W wll hear about
| oading with RNA from chem W will possibly hear
about recommended pol ypepti de. W will hear about
viruses to transduce the DC. W are very interested
by a finding of Nina Bhardwaj with the capture of
apoptotic body and I wll sunmarize a bit what we're
doing now and the question because we are
considering our first trial in this context.

Monocyt e- deri ved DC can capture
apoptotic body, about 25 to 30 percent of the cells
w Il capture apoptotic body as neasured by 7AD ADA
st ai ni ngs. 7AD is stains DNA Here you see wth
confocal mcroscopy for section of the nobnocyte-
derived dendritic cells one hour after the capture.
You see here the first two conpartnents. You don't
see the tunor body. Here in the next section you
see the tunor apoptotic body in red because it is a

red stain and then you see the Class 2 which are not
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fused. If you leave four hours of incubation, you
see the fusing of the apoptotic body and the Cass 2
conpartnents possibly along for the |oading of the
Class 2 and dCdass 1 antigen. Actually, to
denonstrate that it is very sinple to take the
nonocytes, neke them the DC inmage, show the DC as
Ral ph told us, and then |load the DCs with
EBV-LCL prostate cancer, nelanoma or breast cancer
apoptotic bodies and then test with the T-cells from
this individual will proliferate in response to the
anti gen.

Dendritic cells is |loaded with EBV-LCL,
a |low EBV-LCL, can induce the proliferation of CD8
T-cells provided we see fully ligan activated DC and
I L- 2. So we have a CD8 proliferation here while
macr ophage, as Ralph told us earlier, are not able
to induce the proliferation of those CD8 T-cells.

Now should we use necrotic or apoptotic
body? That is really in some way a very semantic
i ssue and we can discuss that later, but the way we
i nduce apoptosis results in capture which is not as
efficient as the capture of necrotic body yet wth
the apoptotic body, we get very good T-cells, CDACL

response. W don't get that with a necrotic body.
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Now this in that case we have |oaded
wth prostate tunor cell lines and we get a strong
proliferation of the T-cells which are autol ogous to
the dendritic cells.

The purification of those dendritic
cells is going to be a problem Here the nonocytes
are enriched by adherence. Here, they're enriched
by depletion. Wien we do depletion, we get better
dendritic cells or purer dendritic cells, all of
t hem bei ng CD1A positive, while we do adherence, we
don't get themall to be CD1IA. So it's going to be
a question, of course, this is nore expensive.

The problem of the tunor cells as Raj
Puri told us is a big problem autol ogous tunor
tissue, all ogeneic tunor tissue, what 1is the
criteria we need to use for those tunor cell Iines,
what is the matrix for generating those tunor cell
bodi es from apoptoti c body, necrotic body, should we
fractionate? What is the quality of those bodies,
the conposition, all those are going to be extrenely
i nportant questions that this small audience of 500
people will certainly address.

And the way to |oad the body. That
brings us to a possibility of manipulating directly

the product, the crocodiles. | nean we can how from
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t he br east cancer pati ent receive heavy
chenot herapy, generate the «crocodiles in wvitro
whet her they generate them in vivo and regenerate
the crocodile to the cancer patient and providing
the cancer patient wth her chenotherapy which
otherwise would kill all the
T-cel | s.

There's finally anot her way of
mani pul ating the dendritic cell systemis directly
in vivo with the DC nobilization. And so the
| mmunex product, the fH3L is an extrenely inportant
nmol ecul e in that respect. Now | just want to show
you one slide which is the nonocyte from | ynphonma
patient before fH3L and the nonocytes after fH3L.
So not only do we increase nonocytes, not only do we
increase by 5 to 50 fold the DC precursors as shown
by the Imunex group, but also we get totally
activated cells which may be dramatic antigen
presenting cells.

And very inportantly, in a study done on
two of ny forner patients, these T-cells are in
vitro energetic while after two cycles of fH3L, the
T-cells of the patient now respond in vitro to the

tetanus toxoid which can bring us a I ot of question.
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When the work was done in this new dream
team at Baylor with particularly 1'd like to nention
Carolina Palucka and Mya Nouri-Shiraz for their
work with the apoptotic body, the work on confoca
was nmade by Jean Davou, we have done with the work
on Fed. 3 with the group of Imunex with Charlie
Mari chevsky and Dani el Caron. Cinical trials are
led by Joe Fay. The clinical trial in the prostate
cancer will be led by urologist Mke Goldstein and
the work is being done in Baylor Institute and

Center of |nmmunol ogy Research and thank you for your

attention.

(Appl ause.)

DR STEI NIVAN: Well, that was great,
Jacques. We'Il again save the questions for the end

of the afternoon. You nust stay.

So we'll nove on to David Urdal from
Dendreon who w il talk about clinical trials and
product devel opnent with dendritic cells.

DR. URDAL: Thank you, Ral ph. I"d like
to thank the organizers for the kind invitation to
conme and speak this afternoon and describe to you
sone of the work that we're doing in devel oping
i mmunot herapies around the use of antigen pulse

dendritic cells. | thought what 1'd do this
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afternoon is organize ny talk in the follow ng way,
that 1'Il give a very brief description of the
bi ol ogy of the dendritic cell. W've already had a
lovely introduction to that by both Ralph this
nmorning and Jacques just before ne. Jacques is
al nost an inpossible act to follow | have no
zebras or other animals on ny slides.

"Il spend nost of ny tinme tal ki ng about
t he Dendreon process and what we're doing to really
distill this type of a process into one that we can
actually take through the clinic and hopefully sone
day into the market place and then very briefly at
the end talk about sonme of the applications that
we're making of this process to the treatnment of
cancer and sone of the status of where those studies
are.

As we've heard, dendritic cells are the
nost potent antigen presenting cells in the inmmune
system They play a central role at conducting the
initiation of recognition of antigen by T hel per and
cytolytic T-cells by their capacity to process
antigen and present that antigen in the context of
MAC Cass 2 or Cass 1 nolecules, leading to

ultimately the creation of effector cells that have
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the capacity to elimnate virally infected or tunor
cells.

Not just the MC, T-cell recept or
interaction that nediates this, of course, but
there's a constellation of co-stimulatory markers
that nmake dendritic cells the potent antigen
presenting cells that they are. This is just a
subset of the ones we've already heard a great dea
about, i ncluding
CD-80, 86, I KML or CD54 and LFAS.

We've also heard of a nunber of ways
that antigens can be presented to dendritic cells
and if | can draw your attention to the bottom of
this slide, clearly, the fornms of antigen that can
be used include whole protein, DNA or RNA and codi ng
the protein antigen or synthetic peptides as well as
we've heard, tunor |ysates as well as whole tunor
cells that would be able to interact with dendritic
cells in presenting their antigens to those cells.

Clearly, depending on the chem cal form
of the antigen that you pick wll determne to sone
extent the dendritic cell that you may wi sh to | ook
at inthe clinical situation. For exanple, peptides
that you mght want to exogenously l|oad on to

dendritic cells, you mght choose a mature dendritic

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

177
cell that has its mature and high intensity display
of MHC Cass 1 or 2 nolecules on the surface. In
contrast, if you're working wth protein or DNA
which would require uptake by dendritic cells and
processing of the antigens into the epitopes that
can be expressed on WMHC Class 1 and 2 it would be
driven to work with cells at an earlier stage of
dendritic cell differentiation.

As we've heard, the dendritic cell 1is
derived ultimately fromthe hematopoietic progenitor
cell, the effector cells that we're tal king about in
nost of the studies this afternoon are either
derived fromthat cell ex vivo with the appropriate
cocktail of cytokines provided or for nonocytes,
again with the appropriate cocktail of cytokines.
And as I'll describe we're working with cells that
we isolate directly from the peripheral block to
derive potent antigen presenting cells that we take

into the clinic.

Havi ng their origin from t he
hemat opoi etic progenitor cell, the dendritic cell
clearly originates in the bone marrow. It travels

through the peripheral blood to take wup its
residence in tissues where under its natural biology

it would cone in contact with antigen, find its way
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to |lynph nodes and see the high flow through of
naive T-cells fromwhich it can pick the zebras that
Jacques al |l uded to.

Clearly, what we're doing then in a
clinical and a comercial setting is finding a way
by which we can isolate dendritic cell precursors
from sone source and in our case we're |ooking at a
blood <collection to take those dendritic cell
precursors, present antigen and induce their
maturation in vitro by sone fashion and then having
created the antigen | oaded dendritic cell, reinfuse
that cell back into the patient.

And of course what we're | ooking at then
is the process whereby the patient is comng into
the clinic. Chances are they will | ook at pheresis
as being perfornmed at an axillary site. The white
bl ood cells are being delivered to a manufacturing
facility where the cell separation takes place. The
antigens and other raw materials are being provided
through that <cell culture to create the antigen
| oaded dendritic cells which are then delivered back
to the clinic or reinfused back into the patient.

Now the process that Dendreon's been
working on really had its biologic validation, if

you wll, by studies that were done at Stanford by
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Frank Shale and Ron Liedeslat, together with Ed
Engel man | ooking at dendritic cells that had been
isolated from peripheral bl ood, pulsed wth
i di otypes specific to the B cell |ynphoma that they
were studying in those patients and the results were
quite striking. They clearly were able to induce
very profound cell medi ated inmmunity agai nst
i diotype and they found that cell nediated imunity
associated wth clear clinical benefit in a nunber
of these patients that had failed all other forns of
t her apy.

The process is one whereby the dendritic
cell is isolated or precursors are enriched by two
buoyant density steps, the first one which is
primarily to renove blood cells and granular sites
and the second to deplete the culture primarily of
nmonocytes so you have a high density fraction of
cells which is then carried forward into a culture
in the present of antigen over 40 hour period,
harvested and then antigen pulsed dendritic cells
resulting fromthat.

Some of the nodifications that we've
done to that original concept that was described at
Stanford was to really ook at a nmeans by which we

could attenpt to close this process and actually
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make it as controlled as we possibly could so we
have a buoyant density nmedium that we work wth
which we've wused in a variety of therapeutic
settings. It's a serumfree process. There's no
exogenous cytokines that we add. It's readily
scaled up for the treatnent of patients and it's
using sterile disposable nedical grade devices
t hroughout, again, wth an eye towards creating a
process that you could inmagi ne once effective in the
clinic, being used commercially.

The principle of density separation is
famliar to everyone in the audience, |'m sure, but
it's a nmeans by which a collection of cells can be
overlayed onto a buoyant density nedium follow ng
centrifugation, light cells float, heavy cells sink
and you can separate the light cells fromthe heavy
cells in this particul ar device by sinple
decantati on because of this insert which creates an
ai rl ock between the two chanbers.

The process in action is one also that |
wanted to note is one that we can mnimze the open
mani pul ation of cells by the kind of connections
between the blood and the buoyant density solution
in the container and the size of this container with

tubing and the size of this container is such that
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we can actually process up to 50 billion cells at a
time or the cells that would be contained in a ful
apheresis unit.

This is denonstrating the | oading of the
cell preparation and to the upper chanber of the
device. This slide is showi ng the underlaying then
of the buoyant density material creating a sharp
interface between the solutions. This is show ng
follow ng centrifugation. The red cells are now
| ocated in the |lower conpartnent and the interface
cells are in the upper conpartnent and then show ng
sinple renoval of that particular fraction of cells
by decantation in the setting. So the time line
that the | eukophoresis product as delivered to cell
processing facility over the first three to four
hour s. The two buoyant density steps were
performed, resulting in the establishnent of the
cell culture which is then -- goes in the incubator
for a period of 40 hours at which tinme the cells are
harvested and washed and returned to the clinic for
reinfusion into the patient.

The process of | eukophoresis IS
performed in an approved facility in accordance with
SOPs that we nonitor as well as qualify. The

processing facility that we're working in is C ass
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10,000 clean room and all open steps are being
performed in Cass 100 biological safety cabinets.
The separation again uses disposable nedical grade
devices to maintain stability and then we have a
full panel of final product QA and QC rel ease tests
that 1'Il get into in just a m nute.

Clearly, the process of incubating these
precursors for 40 hour s results in t he
differentiation of dendritic cells into mature cells
that have the hallmarks of the dendritic cells that
we've heard a | ot about today already. The process
by which this occurs is dependent on the conposition
and concentration of the culture inoculumas well as
the nature of the culture surface and material and a
| ot of studies have been done to define those before
we took these products into the clinic. But clearly
one thing that we do see is if you look at the
culture prior to its incubation period and then | ook
at it 40 hours later, you see cells that have
greatly increased their display of CD40 and CD54 and
a huge increase in display of HLA-DR Unl ess you
can quantify and actually characterize the cultures
after the 40 hour incubation as having a popul ation
of cells that clearly display many of the markers

that we've already heard about today that are
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associated with the capacity of these cells to
potently interact with naive T-cells.

If you purify those cells from culture
you can also establish in wvitro that purified

dendritic cells together wth naive T-cells and

antigen wll result over tinme in cultures that
express high levels, excuse nme, |"'mmssing a slide,
but the dendritic cells wll show over tinme that

they've greatly increased in their capacity to
stinulate a m xed |ynphocyte reaction. Again, MRs
are wused frequently as a neasure of antigen-
presenting cells in vitro and what's shown here is
the slide | just started to describe, but clearly if
you put up dendritic cells together with naive T-
cells and antigen in culture, you see very high
levels of [1L12 production and gamma interferon
production in these cultures which is a hallmrk of
the THl1-type response.

And if you look then at sone of the
| ymphoi d preparations that we've made from patients
that have undergone infusions of antigen-pulsed
dendritic cells we can see the sanme phenonenon that
in the lynphoproliferative assays that we do in
these patients that we see the cytokines produced

are gamma interferon. There's no L4 that we can
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detect, again reflecting a Th-1 type response that
we' ve engendered in those patients.

The characteristics then are the cells
we've manufactured that there's a functiona
mat ur at i on. There's an increase in MR activity.
They're capable of stimulating naive T |ynphocyte
responses. In nost of the studies |I've just showed
you, they were KLH, but we |ooked at a variety of
both peptide and protein antigens in vitro and the
type of response that we can readily neasure is a
Th-1 type response, the CF regul ation of cell nenory
nol ecul es that are associated with potent antigen
presenting cells and norphol ogy, although | don't
have a norphology slide, is consistent with the
kinds of <cells that we've seen in the previous
speakers.

Now if we |ook at the question of
potency testing, clearly assays |like the m xed
| ymphocyte reaction is an assay that's a seven day
assay. The manufacturing process that |'ve just
described is one whereby we're harvesting the cells
in the norning of the third day and we're delivering
those cells back into the patient within six hours
after that tinme. So the assay that requires a seven

day incubation or an assay that mght be a nore
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antigen-specific assay is really an assay that is
not anenable as a release task. W've actually been
doing MLRs in all the studies that we have in the
clinic at the nonent, just so that we can collect
that data, but it's not an assay that's truly that
useful to us in a manufacturing schenme to actually
rel ease the product by.

Now what I'd |ike to suggest in the next
couple of slides is an alternative way of actually
| ooking at sone of the co-stinulatory markers and
their expression and picked CD-54 by neans of
exanple, that it not only serves as a neans by which
we can quantify dendritic cells that have been
induced to maturate in these cultures, but it's also
a marker that is associated with the potency and
capacity of these cells to actually interact wth
naive T-cells. CD-54 in this slide is show ng that
in an in vitro induction of a naive T-cell response
agai nst KLH, but you can conpletely inhibit the
capacity of these cultures to do so by inclusion of
nonocl onal antibodies directed against CD 54.
Controlled antibodies do not do that, indicating
that clearly
CD-54 is involved in naive T-cell primng which has

certainly been known for sone tine. It's a robust
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stain. It is a stain that allows us to readily
quantify the nunber of cells in our cultures. It's
reliably regulated in all of the patient sanples
that we've worked at. Clearly, the sorting
experinments that we've done have indicated that all
of the cells that we are at |east responsible for
the kind of activity we're seeing are in that 54
positive cell popul ation.

If you look then at -- this is kind of a
busy slide, but it shows that the process of
manufacturing is one that we control throughout by
the system that we've designed to mnimze the
exposure of our cultures to any exogenous agents and
then we do in-process testing which includes
monitoring cell counts and viability throughout the
process. W do in-process sterility sanpling
periodically to insure at the tine of release that
the product, there's minimal |ikelihood that there's
be any mcrobial contam nation. W also take
sanples in all of our clinical testing and send out
for nycoplasma testing in addition to mcrobial
testing and endotoxin, and are currently | ooking at
our final release testing that would include
phenotype analysis by FACS, endotoxin rel ease

testing at the tine of harvest. Gamstaining is a
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test that we're doing at the nonent and question
whet her how nuch |onger we'll continue collecting
MRL data, but it's certainly not an assay that
allows us to release the product by that test. But
nevertheless, it's an overall process that's one
that's allowed us to introduce very reproducible a
therapy into the patients that we've treated in a
very reliable fashion.

Now one thing | haven't tal ked about in
developing a therapy is that you have to have an
antigen to go along with the dendritic cells that
|"ve just tal ked about. By way of exanple, we have
an extensive program in the treatnent of prostate
cancer with dendritic cell. Cearly dendritic cells
are isolated in the way that |'ve just described and
we're working with the reconbinant fusion protein
that we call PA2024 and one of the wunderlying
assunptions that we're working wth on this
particular nolecule is that this is a reconbi nant
protein. It's purified by conventional purification
techni ques and we're assumng that it will be viewed
as a well characterized biologic, even though it's

used entirely ex vivo in the pulsing of these cells.

But it's -- this particular antigen is related to
Prostatic Acid Phosphatase. It's a prostate
SAG CORP.
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specific antigen and expressed on nobst prostate
adenoi d carci nomas and we showed in our pre-clinical
package to the FDA for these studies that it was
both a CD-4 and a CTL target on cells expressing
this antigen, but clearly, this showing three lots
that we've manufactured in the vacuole virus
expression system SDS polyconyogelic phoresis is
just one of many tests that we perforned to
establish the purity of this particular reconbinant
antigen and the other tests would include many of
the tests that we've already heard about. It would
i ncl ude end t erm nal sequenci ng, HPLC and
i mmunochem cal testing.

Now we've applied this type of approach

to a nunber of different cancers. W have an
extensive programin prostate cancer. It's in Phase
2 of devel opnent. W have studies underway in
mul ti ple myel oma. Qur next IND will be in breast

cancer and of course, we have the historical
interest that we follow at Stanford in the treatnent
of B-cell |ynphona.

UCSF and Mayo were the sites at which
we're actually performng the antigen pulsed
dendritic cell studies in prostate cancer. W' ve

actually accrued nore than 65 nen to these studies
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at this point. W're encouraged by in all patients
that we treated so far that we can readily detect
the presence of the |ynpho proliferative response to
the antigen that we're treating and we're also
seeing that as we conplete our studies in Phase 2,
starting to talk with the FDA about what the design
of appropriate next stage and |arger studies would
be.

We have an extensive programin nyel oma
which has accrued nore than 24 patients at this
poi nt . Dr. MKenzie is our principal investigator
of this study. He recently presented a poster of
this work at the ASH neetings | ast weekend where he
was showing in the first 13 valuable patients that
have conme out, we've actually seen 6 idiotype
specific responses in those patients which is very
encouraging and very much |ike what we've seen at
Stanford in Ron Levey's |ab.

Clearly, in the clinical summary, we
find that dendritic cell therapy is very safe and
nontoxic. W've treated alnost 100 individuals at
this point. W've given nore than 250 infusions of
cells and really have a very well tolerated process

that we're |ooking at. There's no product related
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adverse events which is consistent with the general
safety profile for many of the vacci nes.

The dendritic cells are immnologically
active in vivo. W were able to neasure the imune
responses and we're starting to see hence that that
i mmunol ogi cal activity may actually be associated
potentially with a clinical benefit though. It's
too early for us to really assign any clinical
benefit at this point.

In looking forward, we actually are in
Phase 2 with prostate. Miltiple nyeloma is in Phase
2. Breast cancer we'll be submtting IND within the
next four nonths and then we recently |icensed an
antigen fromthe Ludwi g Cancer Institute called the
NYI SO 1 antigen and we will see, hopefully, an |IND
filed on this particular product within the next 12
to 16 nonths. So we're |ooking at applying the sane
approach to as many cancers as we can over the next
coupl e of years.

Thank you very nuch for your attention.

DR. STEI NVAN. Ckay, we're going to nove
along to Genn Rce from Cytokine Networks to
di scuss fibrocytes -- there you are -- and novel

antigen presenting cell.
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DR. RICE: | too would like to thank the
organi zers for the opportunity to speak today. I
was a little hesitant initially. The field of
fibrocytes is, as you wll appreciate, nuch nore
immature than that of dendritic cells. Hopefully, |
can give you a flavor of sonme of the potentials for
fi brocytes today throughout the talk.

VWhat | thought 1'd do is first start by
basically a historical perspective of how fibrocytes
were originally discovered. This work is primarily
the work of investigators at Picower Institute for
Medi cal Research in Manhasset, New York, primarily
|l ed by Rick Bucola who is a Director there.

Rick Bucola and his co-workers were
studyi ng wound response in tissue renodeling in scar
formation in mce using a frequently enpl oyed nodel
of wound heal i ng responses which involved a cylastic
tubing that is inserted in the flanks of mce which
allows for one to periodically go in and w thdraw
cells, fluid from the tube. This is a picture of
the cylastic tubing and it's filled with this
pol yvi nyl sponge, polyvinyl soaked al cohol sponge in
t he m ddl e. That's a dinme on the left. And what
Rick and his colleagues found that while studying

the acute cellular responses involved in wound
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repair, they noted a |arge nunber of adherent and
spi ndl e shaped cells that rapidly mgrated in with a
nunber of other inflammatory cell types. Initially,
within the first 24 hours and it represented about
10 to 20 percent of the total inflammtory exited
i nsi de the chanber.

Now wunlike vyour typical fibroblasts,
these cells as shown by flow cytonetry, express both
CD-34 and Collagen 1 staining on the cell surface.
This is an EM of a fibrocyte taken by Rick and his
col | eagues. Mor phol ogically very distinct from
circulating |eukocytes and display a prom nent cel
surface projections internediate in size between
mcrovilli and pseudopodi a. Cel |l surface phenotype
has been extensively characterized by a nunber of
investigators, refocus that a little bit, using flow
cytonetry and as you can see this is a positive
expression for fibrocytes. They express both
Collagen 1 and Collagen 3 expression on the cell
surface. They have an expression on the |eukocyte
comon antigen, CD 45 RO They al so express CD- 34
as | nmentioned and they surprisingly had a nunber of
nol ecul es t hat are associ at ed W th antigen
expression including MHC Class 2, CD-11A, -54 and -

58.
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Now  just as i nportant, negative
phenot ypi ng. They did not express a nunber of
markers for nonocytes and nmacrophages including
esterase, CD-4, CD 14 and CD 16. They do not
express T-cell receptor. They don't express markers
for epithelial cells. A Von @llabran factor,
endothelial cells is negative. Al pha actin for
snmooth nuscle cells is also simlarly negative.
Al so CD-83, not shown here, is also negative.

Now to assess the capacity of fibrocytes
to pr esent an anti gen, aut ol ogous T- cel
proliferation assays were perfornmed and T-cells were
purified from peripheral blood from tetanus toxoid
i mmuni zed individuals and stinulated in vitro with
tetanus toxin together with fibrocytes shown in the
bott om panel as APCs.

You can see wth relatively |ow nunber
there's a vigorous response to the soluble tetanus
toxin in the cultures. Now with the sane T-cell
preps, dendritic cells and nobnocytes were conpared
as has been found by a nunber of investigators.
Monocytes give very poor response. Dendritic cells
may give slightly higher response than fibrocytes,
but they do so at higher cell nunbers.

Now t he functional requirenents for
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HLADR- 86 and -11A and -54 were determ ned by addi ng
antibodies prior to the stimulation and you can see
that each of these antibodies was sufficient to
bl ock nost of the response.

Now the functi onal responses of
fibrocytes isolated from mce were also conpared
Fi brocytesare fairly difficult to isolate from mce
as I'll talk about a little bit nore in detail
[ater. But in this case, mce were inmunized wth
who AIDS, HYV antigens, proteins GP-120 or p24.
Five days later, the fibrocytes were isolated and
pulsed in vitro with the correspondi ng anti gens and
you see a nice vigorous response to in vivo
I mmuni zat i on.

Now primng of naive T-cells has been
considered a function of professional APCs and to
test the ability of fibrocytes to prinme naive T-
cells in vivo, fibrocytes were pulsed in vitro with
ei ther p24 or gpl20, washed, injected into the foot
pads. Five days later, proxinmal |ynph nodes were
i sol ated, associated and pul sed with either gpl20 or
p24.

As you can see with the p24 response,
pulse in vitro, there's a very vigorous response of

p24 and this can be blocked by adding i mmno
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magnetic selection of CD-4 cells prior to
stinmul ation. TP-120 pul sed cells, gpl20 imunized
animals wth p24 response showed no response. And
simlarly gpl20 showed a vi gorous response.

Now t hat antigen pul sed fibrocyte, we're
not sinply transferring antigen to other host APC
types was established by experiments which used
antigen pulsed fibrocytes fromtwo parental strains
which were injected into F1 offspring mce. T-cel
reactivity of F1 offspring is confined predom nantly
to antigen presented by one of the parent strains
and primng and re-stinmulation to APCs nust share
t he sane haplotype, so in this experinent, F1l, that
is d times k, mce were injected with pulsed
fibrocytes fromeither parent, d or k, and five days
|ater the popliteal |ynph nodes were isolated and
depl eted of endogenous C ass 2 MHC by i mmunonmagnetic
sel ecti on. The F1 APC depleted |ynph node cells
were then cultured with Fl1 cells were parent
strained d or k and swng cells as a source of the
APC, plus or m nus gpl20.

So the F1 APC depleted |ynph node cells
were reactive to antigen in the presence of Fl1
re-stimulation APCs when primng with fibrocytes

from either parent. However, if a parental strain
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was used as a source of re-stinulation, APC, the F1
APC depleted |ynph nodes would only proliferate if
the primng fibrocytes were from the sane strain.
So fibrocyte primng and APC re-stinulation only
occurs in the setting of a shared MHC hapl ot ype.
Thus, fibrocytes do not nerely function to deliver
antigen to other APCs, but rather act to directly
sensitize naive T-cells in an MHC dependent manner.

In addition, if one stains fibrocytes
with a red linker dye and injects theminto the rear
footpads of mce and 24 hours later exanm nes the
popliteal |lynph nodes, they're actually about 5
percent of the injected fibrocytes can be found in
the | ynph nodes as shown here.

Now the <cytokine and growmh factor
profile of phenotype expression of fibrocytes is
interesting and this is a way to estimate that using
a PCR so these are either immuno nagnetic sel ected
T-cells, nonocytes or fibrocytes and we're conparing
in this case the control CD-3. O course, only the
T-cells will express CD-3, CD 14, of course, only on
monocytes; CD-34, fibrocytes. Collagen 1, as |
mentioned wearlier, is a mrker we use quite
extensively for fibrocytes as shown here, expressed

only in the fibrocytes followng this colum here.
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TNF, both in the nonocytes and the fibrocytes, IL-1
beta in both. Interestingly, IL-10 is found in the
fibrocytes, at least at the MR and A | evel.

Fi brocytes express a nunber of different
chenokines, including MP-1 alpha and beta, both
regulatable by IL-1, MP-2 and the interferon
i nduci bl e chenoki ne as wel I.

PDG- al pha, as well as FG-, not shown
here is al so expressed by fibrocytes, TGF beta, MCS
but not gamma interferon. Many of these are
regul atable by growh factors that one commonly
finds in wound healing settings.

Just one final historical kind of slide.
Addi tional evidence of the role of fibrocytes in
antigen presentation in vivo was obtained by
i mmunohi st ochem cal staining of human cut aneous scar
speci mens. Now these cutaneous, human cutaneous
scar specinmens were examned in the presence of --
we examned for the co-expression of either CD 34
and HLADR and DR was expressed wth alkaline
phosphatase and is shown as red and CD-34 is brown
and granul ar. But you can see these co-expression
not as clearly here as under the mcroscope, but

there's clearly a nunber of cells, spindle shape

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

198
nor phol ogy that express both markers in cutaneous
scar tissue.

This is a higher magnification of one
such cell showing, in fact, cytoplasmc projections
of
CD- 34.

So one other -- throughout the talk Il

kind of try and differentiate fibrocytes from

dendritic cells. | think the phenotype is one
aspect. The flow cytonetric phenotype is one
aspect. The norphol ogi cal phenotype is another.
These are attached cells. They're spindle shaped

cells typically, but also interestingly they also
will proliferate in culture. This is work done at
the Picower Institute show ng that they have about a
48 hour, in this case, doubling tine.

Qur clinical studies have shown that the
proliferation is probably for the nost part, the
nost donors, sonewhat nore extended than 48 hour
doubling time, but they do appear to proliferate.
In fact, you very frequently can find in cultures at
| ater stage cultures, 18, 21 and 25, these
proliferating foci or parent proliferating foci

cells of adherent cells in the cul tures.
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This is just another shot of «cells
generated from patients showing the long spindle
formation.

Ckay, SO in ternms of clinical

applications, cytokine networks was interested in at
least initiating a pilot Phase 1. The idea here is
to look for these isolating cultures of fibrocytes
which I'lIl describe our process in a nonent, and our
process for antigen presentation and of course, re-
vacci nat e. The i ssue of antigen
presentation, | put this in as kind of a rem nder to
also differentiate fibrocytes from dendritic cells.
This is infection of, on the top, dendritic cells or
fibrocytes with either a macrotrophic, but also, not
shown here,
T-trophic HV virus. This is work done at the
Picower Institute showing infection of dendritic
cells and lack of infection with fibrocytes. These
data and others have led to an AIDS initiation grant
by Nancy Haywood who is the Pl at Seattle Bi onedica
Research Institute, using fibrocytes as a neans to
generating inmune response against HV in macaques
at the present tine.

W were interested in oncology and as

has been nentioned earlier, there are a nunber of
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ways to prime APCs for specific antigens, one of
which is peptide pulsing. This is FITC dextran
upt ake of various sizes, |'msorry you can't see it
very well, 3,000, 4,000 and 500,000 nolecular
wei ght . The right panel is fibrocytes. The left
panel is the control cell THP-1. And you can see
relatively quickly within about an hour, there's
significant wuptake of these FITC dextran | abeled
cell beads by the fibrocytes. So they're highly
phagocytic and potentially could be utilized in a
peptide pul sing type of antigen |oading.

This is work by Drs. Jhong and Kufe at
Dana- Farber, who used a biorad, ballistic gene gun
using DF-3 MJUC-1 CDNA on fibrocytes with psv-MIC1
expr essi on. The top is immunohistic chemca
staining of MJC1 expressing cells in a nock
transfection, fibrocytes in a nock transfection and
those shown |ower are those expressing MJC-1 48
hours after gene gun delivery. You can see a very
surprising and potent high | evel expression, both in
terms of anount of protein expressed per cell as
wel |l as the overall percent of cells expressing MJC
1. So | think this could also be an interesting
application for antigen loading of fibrocytes and

this is also, |I think, for those of you who have
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tried transfection methods in dendritic cells
further elaborates differences between fibrocytes
and dendritic cells.

We chose as the initial pilot Phase 1 to
work with Jim Ml é' s technol ogy of tunor cell |ysate
pul si ng. This is work he'll describe in detail
tonmorrow, but just sone of the salient advantages of
such an approach. It has a greater potential for
augnent i ng br oad T-cel | responses to t unor
associated antigens, plus potential for escape.
Greater potentials that trigger T-cell reactivity to
rejection antigens. There's evidence that both
hel per and
CTL- defined epitopes have increased presentation.
You can circunvent the need for fresh viable tunor
cells in this type of approach, and of course, you
need for nol ecul ar characterization of the antigen.

As | nentioned earlier, it's extrenely
difficult to isolate fibrocytes frommce. Miltiple
cardi ac punctures are required in many, many ani mals
to get reasonable nunbers to use for vaccination,
but this is one such experinent in tunor nodel of
MCA- 207, fibrosarcoma, a noni nmunogeni ¢ nodel . e
have simlar data. We've done this multiple tines

and also with D5 B16 nel anoma, simlar data. Thi s
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is a challenge experinent where the animals are
pul sed, are vaccinated three tines on weekly cycles
prior to challenge with tunor and you can see that
those animals are pulsed with, are vaccinated with
| ysat e- pul sed tunor, show a decreased response rate.
The reason this is comng down is actually the
tunors are fairly necrotic wth tine, get
increasingly necrotic with tine. So the Phase 1
clinical trial at the University of Mchigan that is
on-going now with Dr. Chang and Dr. Mul é is the dose
escal ation up to 10® cells every two weeks for up to
t hree vacci nations. The cell processing involves
apheresis and the cells are pulsed for 24 hours with
aut ol ogous tunor |ysate and we co-adm nister KLH as
a surrogate. Patient inclusion, as shown here, a
vari ety of advance stage tunors. Primary end point
is toxicity, but of course, we really have our eye
on the secondary endpoints which a variety of i mmne
responses including DIH, both to KLH and aut ol ogous
t unor,

T-cell subsets, both in peripheral blood and |ynph
nodes and a variety of T-cell assays.

The nethod of isolation is very fairly
strai ght forward. It involves isolation of the

whol e blood Ficoll-Hypaque plate onto fibronectin
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coated plates, washed with nedia 24 hours |ater and
basically go for 21 days on these fibronectin coated
plates. W've optim zed the nedia. It's OPTI-MEM
W're still using -- now we're using 10 percent
human AB serum W have not converted this to
serumfree nedia yet.

In addition, well then at 21 days, the

cells are pulsed for 24 hours with irradi ated tunor

|ysate and then injected into the patients. The
yields are typically 2 to 7 percent, i.e., in cancer
patients. And | also nention that there are no

cytokines of growth factors required in this process
as shown now.

Just two slides showing just prelimnary
dat a. This is allogeneic. In antigen-specific
tetanus toxin MOR activity in fibrocytes isolated
from one cancer patient, you can see there's
reasonable activity using APCs as -- or MRs, a
surrogate assay. Now unli ke the previous talk, we
had to have 21 days, so the cells are actually
processed in University of Mchigan and sent to a
facility in San Francisco where we perform M.Rs, one
such surrogate assay. FACS analysis is another.
This includes positive Cass 2 86 and Collagen 1

staining wwth CD-14 exclusion. This is just a panel
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of allogeneic MR for the cancer patients. You can
see reasonable stinulation for the patients as a
surrogate. And of course, we check for KLH
responses in vitro and even after two
re-stinmulations there is significant activity to KLH
by the fibrocytes, so they can certainly display KLH
and present KLH

This is a 10,000 square foot class --
wel |, cel l processing facility in south San
Franci sco. It has a variety of <cluster wunits,
including three cluster at Cass 10,000 clean roons
and four other clean roons that are also Cass
10, 000.

Since the fibrocytes at present are an
open system we culture single patients in each of,
ri ght now about 35 incubators.

So in conclusion, | just hope |'ve given
you kind of an  overview, historically and
scientifically, of the fibrocyte, both nouse and
human fi brocytes express surface conponents required
for antigen presentation. They induce strong
al | ogenei c and antigen specific T-cel |
proliferation. Sone applications that may be usef ul
clinically, they're easily transfected. They
rapidly take up and phagocytose peptides and
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proteins. They can prine naive T-cells and they're
sufficient to inhibit tunor challenge to a variety
of nodels and this has led to initiation of a Phase
1 clinical trial pilot at University of M chigan

I'd like to just acknow edge two key
col | aborators at Picower Institute, R ck Bucola and
Jason Chesney, Jim Eulay and Bruce Redman at
University of Mchigan and Dr. C ersa Nasker who is
part of the audience today. |'d like to especially
note her contributions to this clinical trial.

Thank you.

(Appl ause.)

DR. STEINVAN:  Thanks, G enn. Qur next
speaker is scheduled to be Mlcolm Mtchell, but
none of us have seen Malcolm Is Dr. Mtchell here?
Ckay, in that case we're going to take an early
break and start back again at 2:45. Pl ease, no
| at er.

(O f the record.)

DR MJLE: It's a pleasure to
introduce Dr. Donald Kufe from the Dana-Farber and
he wll be speaking today on dendritic cell tunor
cell fusions and presenting sone recent data both
preclinically and nore inportantly in the real m of

human tunors in preparation for a clinical trial.
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Dr. Kufe?

DR KUFE: Good afternoon. Dendritic
cells pulsed with peptides and proteins derived from
tunor antigens, as we've heard today, induce potent
specific anti-tunor imunity. |In the absence of an
identifiable tunor antigen which is the case in nost
human tunors, dendritic cells have been pulsed with
tumor cell menbranes, LU-8s fromtunor cells and as
we heard about this norning, apoptotic bodies.

We've explored a different approach
using dendritic <cell-based vaccines by fusing
dendritic cells with tunor cells and thereby form ng
het er okaryons that express tunor-associ ated anti gens
as well as the nmachinery needed for the activation
of T-cells.

Using this strategy, expression of
t unor - associ at ed anti gens as wel | as yet
uni dentified t unor anti gens are processed
endogenously and expressed by MHC Cass 1 in the
cont ext of
co-stinul atory nol ecul es.

We developed this approach to induce
active specific inmmunotherapy against an antigen
that we identified, we and others identified in the

early 1980s. This antigen is known as MJCG1 or
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mucine 1. It's a human carci noma-associ ated anti gen
and as background this antigen is over expressed
about 30 to 50 fold conpared to normal secretory
epitheliumin the majority of breast carcinomas, as
well as carcinomas derived from diverse other
tissues.

Moreover, in carcinomas, MJC-1 exhibits
an altered cel l di stribution and aberr ant
gl ycosyl ation patterns. For exanmple, in this
section of an infiltrating ductile carcinoma stained
w th i mrunoperoxi dase, MJC-1 antigen expression is
at high levels throughout the transforned epithelium
conpared to the mniml expression seen here along
t he apical borders of the cells lining the ducts and
in these cells MUC-1 antigen is expressed only al ong
that portion of the cell that |ines the duct whereas
in the transfornmed cells, MJC-1 antigen is expressed
t hroughout the cytoplasm and on the entire cel
sur f ace.

As a result of cloning the MJC-1 gene by
my group and by others in the late 1980s, the
structure of the antigen is shown schematically
her e. There's a cytoplasmc tail involved in
intracellular signalling, a transnmenbrane domai n and

an extra cellular domain that consists of highly
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conserved 20 am no acid tandemrepeats that range in
nunber from 50 up to 100. These tandem repeats are
heavily glycosylated, such that the antigen extends
beyond the glycocalyx as a rigid rod-1ike structure.

Now interest in MJC-1 as a target for
active specific imunotherapy is obtained in part
fromthe over expression of this antigen in diverse
carcinomas, but also the finding that MJCG1 is
recogni zed by anti body and CTL responses in patients
with breast cancer as well as other types of
carci nomas and even in healthy multiparous donors.

Now i n cancer patients, the finding that
MJC-1 is recognized by CTLs indicates that the
antigen can be recogni zed by the inmune system but
the response is insufficient to clinically alter the
course of the disease. Consequent |y, t he
hypot hesis has been that one could increase the
response, immune response agai nst MJC-1 and thereby
i nduce clinically active imunity.

So to i nduce active specific
i mmunot herapy  agai nst MJC- 1, we devel oped an
approach involving the fusion of MJCG1 positive
tumor cells with dendritic cells such that the
het erokaryon that fornms expresses MJC-1 as well as

ot her yet unidentified tunor antigens in the context
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of Class 1 as well as Cass 2. The het er okaryons
al so express co-stinulatory nolecules and adhesion
nmol ecul es necessary for the activation of naive T-
cells and thereby the induction of cytolytic T-
cells.

The efficiency of the fusion cell
procedure can be denonstrated using bi-directiona
flow cytonmetry, in this case using a FITC |abelled
anti body against MJC-1 and a PE-labelled antibody
agai nst MHC-2. The dendritic cells express O ass 2,
but no detectable MJC-1 antigen. The carcinoma
cells in this nouse nodel stably expressing the MJC
1 gene, expressed MJC-1 antigen but no Cass 2. |If
we add -- mx the dendritic cells with the MC 38
MJC-1 carcinoma cells, and incubate for six days
the cell populations remain distinct. That is, one
popul ation, the dendritic cells expressing VMHC O ass
2 and the tunor cells expressing MJC 1.

However, if we briefly expose these
cells to polyethylene glycol and induce a fusion
after two days of incubation the fusion cells
express a snmall percentage of cells that have both
Class 2 as well as MJC1. By six days over 20

percent of the cells expressed both antigens and by
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10 days, 50 percent or nore of the cells expressed
both Cass 2 and MJC 1.

The norphology of these cells, that is
the dendritic cell -- sorry, the dendritic cells
shown here, the carcinoma cells shown here and the
fusion cells are shown here. The fusion cells
retain sone of the characteristics of the dendritic
cells with dendrite-like extensions. The fusion
cells also express other antigens comon to the
dendritic cell. For exanple, in addition to Cass 2
as seen on the fusion cells, not expressed on the
tumor cells, the fusion cells also express B7-1, B7-
2 and | CAM 1. So these cells then express
both the tunor associated antigen, as well as
nmol ecul es necessary for presentation of antigen, co-
stinmul ati on and adhesi on.

Now Jianlin Gong in our |aboratory
showed | ast year that one could imrunize mce wth
fusion cells and induce anti-MJC1 inmunity as
evidenced by the production of antibodies, as well
as CILs that were specific for MJC1. Mor eover,
i muni zation wth the fusion cells prevented the
gromh of tunors in challenge experinents, but nore

inportantly, these fusion cells were effective in
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elimnating established pul nobnary netastases of the
MC-38 MJC-1 carcinoma cells.

Now in nore recent studies, we've turned
to a transgeni ¢ nouse nodel which expresses the MJC
1 antigen. It expresses human MJUC-1 in a pattern
tissue pattern that's identical to that scene in
man. Moreover, as | showed you earlier in the human
breast epithelium 1in the transgenic nouse nodel
MJC-1 is expressed along the apical borders of the
cells lining ducts, in this case, bronchioles and in
this case mammary ductul es. There's a fine rim of
staining along the apical borders of these cells,
staining specific for human MJCG1 antigen as
confirmed by peptide bl ocking.

So this animal nodel, this transgenic
mouse nodel provides an opportunity to assess the
immunity induced by fusion cells or other approaches
and i ndeed t he MJC- 1 t ransgeni c m ce are
i munol ogically unresponsive to challenge wth
purified MJC-1 antigen mxed with adjuvant or to
challenge wth irradiated MJC-1 positive tunor
cells. So we use this nodel to
determ ne whether the fusion cells could reverse
i mmunol ogi ¢ unresponsiveness to MJC1 in these

ani mal s.
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Now we use a tunor nodel where MC- 38
carcinoma cells expressing MJC-1 are injected in the
tail vein of these MUC-1 transgenic m ce. Mul tiple
pul ronary netastases are established and grow
progressively and ultimately kill these aninmals.
| f, however, we establish these prelimnary
nmetastases and within seven days treat with the
fusion cells, all of the animals as shown here of 10
lungs from animals wth previously established
pul nonary |l esions, all of these animals are rendered
di sease-free and these animals are long-term
survivors.

I mportantly, this irradiation of MJC1
positive tunor cells is associated with an anti body
response that's specific to MJCG1 and a CIL
response. Now as | pointed out wearlier, these
animals express MJC-1 on nornmal tissues, on the
api cal borders of secretory epithelial and a key
gquestion was whether the induction of anti-MJC1
immunity using these fusion cells contributed to
aut oi nmuni ty. | ndeed,the animals lived a nornmal
Iifespan without evidence of disease and anal ysis of
MUC-1 positive tissues, for exanple, here in the
bronchi where we see MJUC-1 staining along the apical

borders |lining the bronchi, we see in the animals
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that were rendered disease-free with the fusion
cells a simlar pattern of expression, so the
antigen remains expressed. There's no destruction
of the epithelium Moreover, there was no evidence
for infiltration of these tissues with CITLs.

So we can summarize our findings wth
this slide, using the fusion cell wvaccine. e
i nduce
anti-MJC-1 immunity as evidenced by specific CTL and
anti-body responses. W induce anti-tunor activity
that's directed against MJCG1 and there's no
evi dence for autoi munity.

Now | should point out that this
i nduction of anti-MJC-1 immunity is only in part
responsible for the irradiation of the tunor cells
in that one can fuse MJC-1 negative cancer cells M
38 cells with dendritic cells and use that as a
vaccine and elimnate MC-38 MJC-1 negative pul nonary
nmet astases. So as | pointed out earlier, the fusion
cell vaccine offers the advantage of inducing
i mmuni ty agai nst known tunor antigens, in this case,
MJUC-1, as well as yet unidentified tunor antigens.

Well, since the original paper published
by Jianlin Gong in 1997 using the M:38 carcinoma

nodel , several other reports have appeared using the
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fusion <cell approach, one wth a nmastocytons,
anot her paper wusing B-16 nelanoma and Lewis |ung
carcinoma and then the third paper using B-16 and a
| ynphoma that's defective in the presentation of
pepti de anti gens.

Now one point should be nmade. First of
all, in each of these studies the fusion cel
vaccine was effective in elimnating established
t unor s. An additional point, in this particular
paper, the incubation of B-16 nelanoma cells wth
dendritic cells, without actually fusing the cells
wi th polyethylene glycol was sufficient to confer
upon the dendritic cells the induction of antigen
specific immunity.

As | showed you earlier, in our studies
where we mx dendritic cells and MC 38 carcinoma
cells, we were not able to achieve a fusion of the
cell nmenbrane wthout a first incubation wth
pol yethylene glycol. So it may be possible to just
co-incubate and as we saw earlier today, co-
i ncubation where uptake of apoptoticbodies is in
part sufficient to induce imunity. In certain
settings, particularly MZ38 and sone of these other
tumor nodels, one has to take it further by actually

fusing the cell nmenbranes together.
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Vell, these findings have suggested that
the fusion cell approach is applicable in diverse
types of tunors, carcinomas, nelanomas and | ynphomas
and to determne then whether this approach is
potentially applicable to human dendritic cells and
human tunors, we pursue fusion using human breast
cancer cells. In fact, nost of our efforts thus far
have been focused on breast cancer cell fusion from
the breast cancer cells that have been derived from
primary as well as netastatic |esions, they' re shown
her e. These are the human peripheral bl ood
dendritic cells that you've heard about as cultured
in GLCSF and I1L-4. And here are the fusion cells.
Here, we're standing wth an anti body agai nst MJC 1.
The tunor cells exhibit that pattern of high levels
of MJC-1 expression throughout the cytoplasm and on
the cell nmenbrane and |ikew se the fusion cells also
express MJC-1 throughout the cytoplasm on the cel
menbrane. The dendritic cells are MJC-1 negati ve.
Now early in the fusion process, shortly
after exposure of the dendritic cells and this is an
aut ol ogous system now where we're using a patient's
own dendritic cells and her own tunor cells, you
find these clusters that consist of MJC1 positive

cells and the MJC-1 negative dendritic cells and
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then these cells progress to further fusions where
we see here a fused cell that now is stained from
MJC-1 which is the reddish color you see here, as
well as Cass 2, the bluish stain show ng that now
the tunmor cells which were originally Cass 2
negative, MJC-1 positive, and the dendritic cells
whi ch were MJC-1 negative and Class 2 positive, now
the fusion cell expresses both of these antigens.

Now one of the questions, of course, is
whet her these autol ogous fusion cells, human DCs and
human breast cancer «cells fused together are
functional, so in allogeneic MR assays, we
incubated dendritic <cells, tunmor cells and the
fusion cells with allogeneic T-cells and as shown
here the stinulation with dendritic cells, but not
with the tunor cells and the fusion cells are also
capable of stinulating the MR reaction.

This is another preparation, again
aut ol ogous dendritic cells wth autol ogous breast
cancer cells. The dendritic cells, the tunor cells,
here are the fusion cells showmn wth the close
squares stinulating T-cell proliferation. Moreover,
one can irradiate these cells with |lethal doses of
ionizing radiation and the infusion cells remain

active in stinmulating MR
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I n other studies we've asked whet her the
fusion cells were capabl e of stinulating autol ogous
T-cells and we perfornmed this type of experinent
where autologous T-cells are incubated with the
patient's tunmor or wth autologous fusion cells
derived fromthat patient. There's little evidence
of clustering between the autol ogous T-cells and the
tumor cells, but with the fusion cells we see these
clear clusters of autol ogous T-cells surrounding the
clunps of fusion cells and the autologous T-cells
begin to proliferate. We've isolated the T-
cells incubated with tunor cells and the T-cells
i ncubated with fusion cells by nylon wool and then
we've asked whether these T-cells can kil
aut ol ogous tunor and as shown here in three separate
i nstances of autologous fusion cells stinmulating T-
cells, the three different patients, the T-cells
i ncubated with the fusion cells kill autol ogous
tunor cell targets, but T-cells incubated with the
tunor cells do not kill the autologous targets.
This is a chrom umrel ease assay.
Mor eover, we've used nonocytes derived
from the same patients as controls and the
stinmnulated T-cells do not Kkill the autol ogous

monocytes. Now we have not elucidated the nature of
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this killing, what the antigens are, whether it's
directed against MJC-1 or yet other antigens,
whether it's MIC restricted or unrestricted and
those studies are underway, but the prelimnary
evi dence suggest that we can stinul ate autol ogous T-
cells using the fusion cells.

So in ternms of characterizing the
dendritic cells and the breast cancer cells and as
well the fusion cells, in terns of identity testing,
we're assaying our dendritic cells for CD 83, C ass
2, B-71, B-72. W al so analyze our breast cancer
cells for these antigens as well as MJCG1 and
cyt okeratin. We characterize the fusion cells by
doing bi-directional flow cytonmetry for CD 83, d ass
2, co-stinmulatory nolecules, MJC1 and when MJC-1 is
negati ve, cytokeratin. And as |I've shown you we've
been testing these fusion cells and functional assay
al l ogeneic MLR as well as CITL activities.

So we believe that we're in a position
now to consider applying this to the clinical
setting where we harvest the patient's on dendritic
cells and fuse those dendritic cells to autol ogous
tunor cells as a potential vaccine.

So to summarize then, we have nade

dendritic tunor cell fusions. We've tested this in
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nouse nodels and have denonstrated that we can
induce anti-MJCG1 immunity and we can induce
immunity against wunidentified tunor antigens and
this has been confirned by several other groups now
in other tunor nodels and we have just begun to
pursue this approach at |east technically in breast
cancer, using an autol ogous system

I'd like to identify and recognize the
credit for all of this work on the fusion cel
vaccines, Jianlin Gong and David Avigan have been
wor ki ng col |l aboratively in the animal nodels and on
t he devel opnent on the human vaccine as well. [|'Il]
stop here.

Thank you.

(Appl ause.)

DR. MJLE: Thanks, Don. It's a great
pl easure for ne to introduce Dr. M ke Lotze fromthe
University of Pittsburgh Cancer Institute. M ke, as
many of you know, has been a pioneer and driving
force behind many of the imunotherapy trials in
patients and M ke today will give us an overvi ew of
the use of dendritic cells in the treatnment of
cancer.

DR. LOTZE: Well, good afternoon. \When

| saw the title for nmy presentation in the schedul e
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that was sent out, it was clear that the organizers
wanted nme to focus on issues related to flIt3L and so
" mgoing to spend a good portion of ny tine talking
about the use of what we call FL in the murine tunor
nodels as well as in human clinical trials. Then
perhaps end with sonme aspects of feeding apoptotic
bodi es and apoptotic cells to DC, an area of current
interest in many | abs.

So I'd like to begin with just a brief
review of the flt3 receptor and the flt3L. FlIt3 was
originally identified by a nunber of different
groups as a tirasing, kinase signalling type
receptor that came out of a fetal |Iiver. | t
represents one of a series of different receptor
tirasing Kkinases. It, along with KIT and the PDGF
receptor represent nenbers of the receptor tirasing
ki nase C ass 3. O her extended nenbers of this
famly include the insulin receptor, the FGF
receptor, FLT2 receptor and the HER-2-NEW (sic.)
recept or.

There was a big search since it was
found that the flt3 nolecules expressed apparently
uniquely on hematopoietic progenitors for the
ligand. The ligand was identified by two groups in

the period between 1993 and 1995. FIt3L was
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subsequent |y denonstr at ed to have pr of ound
hemat opoietic effects as a legitimte stem cel
factor, and furthernore, it appeared that it
profoundly synergized wth a variety of other
hemat opoi eti c factors to enhance survival,
proliferation, differentiation and self-renewal.

And so subsequent studies done, as |'I|
reviewin a mnute primarily by Eugene Maraskovsy at
| mmunex denonstrated that it also had a profound
effect on the ability to expand cells of both
| ynphoid and nyeloid DC phenotype. And so this
allows nme the opportunity to just say as an aside
that there are two predom nant approaches to using
DCs as therapies. One, and the one which has
consunmed a nunber of individuals in this audience,
including our own group is to try and find what is
the best way to get tunor antigen into dendritic
cells wusing a wvariety of different protocols,
including the ones we just heard about from Don
Keef e. But in addition, an alternative strategy is
to try and find ways to enhance DC delivery directly
into tunors. And there seemto be a nunber of ways
that one mght be able to do that. This would

include either admnistration of GMCSF, pegolated

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

222
GMCSF, the admnistration of flt3L or perhaps even
the direct injection of DCs into tunor.

And so Eugene a nunber of years ago
denonstrated at |Inmmunex that flt3 admnistration
i nduces the accunulation of DCs in a variety of
different organs, in the spleen, liver, bone marrow,
et cet era. This is w despread. As many as 25
percent of the cells in the spleen have a DC
phenotype. This is the appearance of a normal nouse
spleen. This is the appearance of two spleens from
animals treated with flt3L, a nouse treated with IL-
12 and an animal wth both cytokines.

The appearance  of the spleen is
remar kabl e. In normal animals, the apparent white
pul p now being expanded by these |arge nunbers of
pal e cells which represent phenotypically dendritic
cells after 10 days of admnistration of exogenous
flt3L.

One can also take advantage of this to
use ways of separating DCs directly from either the
peri pheral blood or the spleen. This is just an
exanple of this approach using DCs |abeled wth
m crobeads and then separated using nmagnets
essentially to separate out DCs which bear

i ndi vi dual phenotypic markers. W have done this as
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a strategy to try and isolate the DC8 alpha
positive lynphoid dendritic cell from nude aninmals
that failed to have CD8 positive T-cells as a way of
enriching cells of |ynphoid DC phenotype. And one
can denonstrate that one can, using these
strategies, generate a very pure population of
| ynphoid dendritic cells from the spleens of FL
treated ani mal s.

In addition, as has been previously
showmn with cells isolated fromthe thynmus of animals
in Ken Shortman's experinents, one can denonstrate
that these |ynphoid dendritic cells separated from
the spleens of flt3L treated nude mce are al so not
very good stimulators in the next |ynphocyte
response, denonstrating again their di fferent
biologic activities from their nomnal nyeloid
dendritic cell brethren.

W' ve done extensive studies evaluating
the role of FL and nurine nodels. |'ll just briefly
tal k about one using FL by itself and in conbination
with IL-12 where animals are injected sequentially
for 10 days with one or both cytokines and then a
variety of studies done on peripheral [|ynphoid
organs and then also phenotypic and functional

studi es done to evaluate the role of FL. As is well
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known to, again many people in this audience, F
adm ni stration al | ons t he generation of an
extraordi nary nunber of dendritic cells. Here you
can see there's about a 200 to 300 fold increase in
the nunber of DCs that are avail able fromthe spleen
conpared to the nunber of DCs you get froma flt3L-
treated ani mal to a nornal ani mal , simlar
i ncreases, although not as profound occur in DCs
derived fromthe bone marrow, again a
flt3L-treated animal versus an animal treated wth
HCC.

One can also show that these cells
obtained from either the bone marrow or the spleen
are functional. Here you can see that there's about
a 30 to 40 fold increase in the ability to stinmulate
when cells are derived from the spleen of a flt3L-
treated animal conpared to a HCC-treated ani nal .

And in addition to their ability to
enhance cells wthin the spleen, it also appears
that flIt3L wll drive <cells in a variety of
different tissues. As | nentioned before, I'Il just
show you one in the skin studies done by Cenents
Esche and M chael Shurin in our group, denonstrating
that if you treat animals in this instance wld type

ani mal s versus |L-12 knock-out animals, that one can
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denonstrate a |limted nunber of dendritic cells
presumably Langerhans <cells in the derms, [|I'm
sorry, in the epiderms of the nouse skin. I f you

treat with flt3L, you can see a marked accunul ati on
primarily of the so-called dermal dendritic cells,
primarily within the derms of animals with |ess
increase in the epiderms. There appears to be
somewhat increased nunber of cells in the epiderms
relative to the derms when you treat with IL-12 and
a nodest additive effect in sonme aninmals when
treated with both. This is actually sumrari zed here
in wld type mce conparing it to IL-12 knock-out
m ce and one can denonstrate again an increase in
the nunber of dermal and epidermal dendritic cells
as indicated by CD-86 positive cells with treatnent
with flt3L. If you treat with a conbi nati on one can
denonstrate increases in both the epiderms and
derms and interestingly in the absence of IL-12 or
even with exogenous 1L-12, it appears that this
ability of FL to drive DC accunul ati on appears to be
abrogated, suggesting that I1L-12 is necessary for
this FL effect.
Now what about the use of FL as an

anti-tunor reagent? This was again originally

identified in functional assays in nmurine tunor
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nodels by David Lynch at Inmmunex in a paper

publ i shed in Nature Medicine in June of 1997 show ng

that aninals treated with flt3L between Day 7 and 10
after tunor inoculation could reject established
tunors. This was subsequently confirmed in a breast
cancer nodel as well in our own group by Cenents in
a nelanoma |ynphoma nodel published in Cancer
Research and a liver netastasis nodel denonstrating
the inportant role of NK cells which just appeared

in the current issue of Journal of | mmunol ogy.

This is the appearance of a spleen
again, this tine stained with NLDC 145 in aninmals
treated with flt3L conpared to an untreated ani nmal
show ng again the nassive expansion of dendritic
cells in the spleen. One can also denonstrate this
within a variety of different tunors. This is the
MC- 38 carcinoma showi ng again after flt3L, a nassive
expansion of cells within this tunor, as well as the
C-3 sarcoma showi ng again relatively mnimal nunber
of DCs in control animals and followng flt3L an
enhanced nunber of DCs found within the C 3 sarcoma
wi th FL therapy.

One of the questions that has been
raised repeatedly is whether there mght be

alternative strategies to elicit an inmune response
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to tunor. This woul d perhaps include, rather than
the ex vivo culture of tunor or of dendritic cells
wth GVCSF and I1L-4, the in vivo admnistration.
We've done a limted nunber of studies. ["11 just
show you one where we've directly conpared the ex
vivo admnistration of 1L-12 and 53 Ligand wth
vari ous conbinations of GVMCSF and 1L-4 that were
made avail able from Scheri ng- Pl ough. Here you can
see in the C3 sarcoma these are each line is a
separate animal, tunors growi ng progressively and if
you admnister [L-12 at a mcrogram per day
beginning on Day 7 one can denonstrate a conplete
elimnation of t unor . Simlarly, one can
denonstrate that wth flt3L, these animals are
imune to a subsequent challenge with tunor, wth
nodest, but not absent effects, of GUSF, I1L-4 or
the various conbinations. You can see in this very
sensitive tunor nodel that there does appear to be
sone anti-tunor effects, but the best anti-tunor
effects are again those nediated by sinple
adm nistration of 1L-12 or flt3L.

l'd like to briefly review sone of the
studies done in the clinical arena. These slides
were nade available to ne by Donna Caron and M

Lepsi k, representing the results of the flt3L Phase
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1 study which is a random zed double blind study
utilizing daily sub cu. injections for a maxi num of
14 days with escalating doses of 5-3 Ligand as well
as in sone groups GCSF, given 10 mcrograns per
kil ogram per day, as well as a placebo controlled
group.

The admnistration of flt3L to humans
was associated with very nodest toxicity, only grade
1 or 2 in severity. Primarily, injection site
reactions, as well as an occasionally painful and
enl arged |ynph nodes, that were in our experience
spleen, but all of these resolved wthout serious
sequel ae and there appears to be little in the way
of adverse events associated wth the sinple
adm ni stration of FL.

Li ke the nurine nodels, there appears to
be enhanced nunbers of dendritic cells. These
include not just the CD-11 C positive, but as I'l
show you later, CD-11 C negative dendritic cells
presumably representing the |ynphoid dendritic cell
subset in the human. In addition, there appears to
be an overall expansion of nyeloid cells and cells
that appear I|ike +these |arge nmacrophages that

Jacques showed you earlier.
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So if you examne admnistration of
flt3L here over 14 days, here in three separate
i ndi vidual s, you can see on a logarithm c scal e that
there is an increase in the nunber of dendritic
cells which peaks around Day 10 to 14 and levels
of f. These cells that increase as a percentage of
cells in the peripheral blood, you can see upwards
of a 10 to 50 fold increase in the total nunber of
dendritic cells in the peripheral blood. This is
with an N of 15 conpared to a placebo controlled
group. Simlarly, if you look at the absolute
nunmber of dendritic cells, here you can see again,
again this is on a logarithmc about a 50 fold
increase in the nunber of dendritic cells in the
peri pheral blood of patients receiving exogenous
flt3L.

VWhat are these cells and what are their
functional capabilities? If you sort on the CD 11C
positive CD 14 negative cells one can denonstrate
that these cells not only have an enhanceability to
stinulate in an autol ogous MR shown here in terns
of background counts, but also have the capability
of presenting exogenous antigen here in this
i nstance tetanus toxoid, oval bumin KLH and hepatitis

B and that these cells again appear to be the
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predom nant cells capable of this activity. The CD
11C positive CD 14 positive nacrophages appear to
have far less activity, again denonstrating this
remar kable difference between nomnal dendritic
cells expanded here in the instance of FL
adm ni stration conparing to the nmacrophages.

If you exam ne the phenotype here in
three separate individuals of these DCs, this is
again show ng a placebo. Looking at CD-86 in the
abscissa and along the ordinate, a cocktail of
antibodies reflecting a variety of di fferent
cellular subsets to try and drive them all out of
the lower right hand corner. You can denonstrate a
relatively small nunber here estimated as being 2.6
percent which is probably a high estimte, but you
can show that in three separate individuals you can
drive this percentage up to a considerabl e degree
25 percent, 17 percent, alnost 20 percent by 14 days
of admnistration of flt3L

I f you | ook at another phenotypic marker
in this instance using the mnyeloid marker CD- 33
which is on both macrophages as well as dendritic
cells and here again use the sane cocktail of
ant i bodi es in the ordinate, one can again

denonstrate in a placebo treated individual about 10
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percent in this particular individual, the cells
appearing to be CD-33 positive and probably CD 14
positive. You can denonstrate that there's an
increase in this <cell population as well, 21
percent, 25 percent or 22 percent in patients
treated with fIt3L, in addition to the increase in
the nomnal dendritic cells. And so it appears that
not only are these cells increased, but also other
cells of myeloid origin.

This [ ooks at Cass 2 and this has been
denonstrated repeatedly at this conference. Once
can enhance very high expression of Cass 2 as a
characteristic of inmmature and further increased on
mature dendritic cells and one can again denonstrate
a large increase over a placebo controlled
i ndi vi dual in a phenotype or |ineage negative
cells expressing Cass 2, again nomnally DCs as
well as an increase in these other nyeloid cells
presumabl y macr ophages.

Let's see, as | nentioned there's an
increase not only in the CD 11C positive DCs, but if
you gate on large cells one can also denonstrate
that there's an increase in CD 11C negative DCs.
Here, one can denonstrate in normal individuals as a

percentage, a very |ow nunber of these cells. Here,
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you can see with flIt3L prior to treatnent and after
treatnent, again an expansion as a percentage and as
an absolute increase probably about 10 fold, |ess
expansion than the overall DC nunbers associated
with FL adm ni stration.

This is the picture of one of the
phenotypic markers, nomnally associated wth
| ymphoid dendritic cells, the IL-3 receptor or CD
123 which has been defined by a nunmber of groups as
bei ng characteristic of t he | ynphoi d DC
particularly in the human. Here you can denonstrate
that there is a increase in the nunber of |ynphoid
dendritic cells again shown as an increase in the
nunber of cells expressing the CD 123 narker.

| f one exam nes these different cellular
subsets exam ning CD 14 versus CD-11C and these are
br oken down into f our di fferent defi nabl e
subpopul ati ons, those that are CD 11C positive, that
are CD-14 negative, those that appear to be double
positives and those that are weakly positive for
CD-11C, one can denonstrate that the ones which
appear to be greatest in ternms of their stinulatory
activity include those that are CD 11C positive and
CD- 14 negative, again confirmng that this is the

phenotype of the nobst active stimulator within the
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m xed | ynphocyte response, very conparable to what
one would see with a CD 1A positive bone marrow
derived dendritic cell. And that cells derived from
this population or this population are |ess
stinmulatory in a m xed | ynphocyte response.

We've just conpleted a Phase 2 study in
patients wth nelanona. This represents a study
conduct ed at t hree centers, University of
Pittsburgh, University of Mnnesota and at MD.
Anderson. W are just going over the data now. I
cannot present the clinical results, but we'll say
that even in nelanoma patients there does appear to
be an expansion of |ineage negative DR positive or
CD-86 positive cells. Normal Iy, in our experience
this represents .3 to 1 percent of the cells and you
can see reproducible in nelanoma patients treated
with flIt3L an increase to 6 to 10 percent of the
circulating cells having this phenotype, again
representing an expansion of dendritic cells in the
peri pheral bl ood.

Qur first patient treated with flIt3L, a
patient wth advanced nelanoma at nultiple sites,
al so devel oped rather profound vitiligo, as well as
di sappearance of a couple of subcutaneous | esions

associ at ed with FL treat nent. Thi s is
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characteristic finding in patients responding to a
variety of i mmunot her api es for mel anonsg,
unfortunately, ultimaitely progressed wth CNS
nmet ast asi s.

W' ve al so taken a group of patients and
treated them with subsequent high dose IL-2. In a
patient who had really what appeared to be stable
di sease these after flt3L, who had nultiple
subcut aneous and dernmal and epidernmal |esions here
shown on the face of netastatic nelanoma, as well as
pul nonary nodul es after a first cycle of IL-2 and a
second cycle of IL-2 has had a conplete
di sappearance of these lesions as well as the
pul monary |esions, consistent with the potential
notion that sonme conbination therapy designed to
target both dendritic cells as well as
T-cells m ght be successful in such patients.

Now |'d like to take just the last few
mnutes and talk about delivery of tunor antigen
into dendritic cells as opposed to driving dendritic
cells into tunor. As was again shown from the
| aboratories of N na Bhardwaj and shown agai n today
by Ral ph and Jacques, one can take a CD-86 positive
dendritic cell, add in this instance di-1 cultured

mel anoma cells and show within a few hours rapid
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uptake into virtually all of the dendritic cells of
t hese apoptotic bodies and apoptotic cells. In this
i nstance representing serum starved nel anoma cells,
al t hough we've done the sanme thing with irradiated
cells, adeno P-53 transfected cells, as well as a
variety of other strategies designed to drive
apopt osi s. These are studies that are relatively
straightforward to perform One can, in the green,
express your CD-86 or DC marker and in this
i nstance, red, use to stain your tunor cells and one
can show a conpl ete mat chup of
CD-86 positive di-1 positive cells, again consistent
with rapid uptake of apoptotic bodies and apoptotic
cells by these dendritic cells.

In addition, from our clinical trials
wher e we're actual ly usi ng GCSF stinul at ed
peri pheral blood, |euko phoresis-derived cells, one
can denonstrate in sonme of these patients a failure
to conpletely convert to a CD 14 negative phenotype.
These represent adherent cells cultured in CMCSF in
IL-4. You can see that there's a |arge nunber, even
after five days of CD- 14 positive cells that are
also CD-86 positive. These, in our estimtion,

represent a mxed or a mddle phenotype of
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macr ophages on the way to DCs, very simlar to
what's observed in
CW-infected cells. If you add, as was done in this
patient, his irradiated renal cell tunor, one can
denonstrate within a day to two days that you have
driven the phenotype of these <cells as a
mat urational step. Just by adding apoptotic
irradiated tunor, one can denonstrate further
maturation of these DCs just by the exogenous
adm nistration of irradiated tunor again suggesting
that this mght be a strategy to drive DC maturation
as well as enhance antigen uptake. And this patient
was treated repeatedly with this conbination of
irradiated tunor and DC preps.

W' ve done simlar studi es usi ng
apoptotic nelanoma cells and again denonstrating
that a GMCSF plus I1L-4 cultured dendritic cel
derived from adherence cell progenitors again when
you add just overnight irradiated tunor here at a 10
to 1 DCto tunor ratio, one can denonstrate a rather
pronounced increase in expression of this nolecule
CD- 86.

Not only is one capable of doing that,

but one al so can use these tunor-fed DCs to pronote
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mul ti-epitope specific CITL. Shown here, one can
denonstrate that one <can elicit T-cells fully
capable wusing the strategy to respond to the
mel anoma 526 as well as a nunber of peptide pul sed
A2 presented targets, again denonstrating the power
of using these DCs.

So I'd like to conclude and just thank
sonme of the individuals involved with these studies.
M chael Shurin and Cenents Esche did many of the
flt3L studies and Robbie MIlard and let's see, who
el se should | pick out here?

(Laughter.)

My son who did sonme of the studies with

apoptotic bodies. | should just finish and say that
as many of you know, | used to be a T-cel
chauvinist. 1've now becone a DC evangelist. | ran

the Bordeaux marathon |ast Septenber in France.
They actually give you wine during the race. Thi s
is a picture of ne at the mddle of the race
drinking a glass of nice French wne and they nake
you wear a costunme. | went as Statue of Liberty and
| really did it in honor of the dendrites on the
crown of the --
(Laughter.)

Thank you for your attention.
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DR  MILE: Thanks, M ke. Qur next
speaker is Dr. Drew Pardoll from the Johns Hopkins
Oncology Center and it's a pleasure for Drew to
share with us an overview of antigen-presenting
cells and antigen processing in presentation in
tunor imunity and tol erance to tunors.

DR. PARDCLL: While standing on one |eg.
VWhat | want to start wth before talking about
antigen processing and presentation specifically is
to just sort of define the problem at |east as we
at Hopkins see it with regard to immunotherapy of
cancer.

My | have the first slide? So it
basically boils down to tolerance. And so what |
woul d propose is that the paradigm that drove nuch
of cancer immunology in the 1950s, nanely the i mmune
surveill ance hypot hesis which postul ated that one of
the normal roles of the inmune system was to survey
the body for tumors through recognition of
neoantigens and to elimnate them based on this
recognition is, in fact, incorrect, and needs, in
fact, to be replaced with what 1'Il refer to as the
i mmune tol erance hypothesis which essentially states
that the response of the imune system to

neoantigens that arise in tunors is nore |like the
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response to self-antigens, nanely, the natura
response is tolerance rather than activation.

"Il show you just an exanple or two
that this really is, in fact, the case. These are
sone transgeni c studies done by Wadar Sodomayer and
Hilavisky's lab in parallel with Adam Adler in ny
| ab. The idea was to | ook at the inmune response
and sorry this is backwards, but it's okay.
Hopefully, this will be the only one.

But in any case, the imune response to
a nodel antigen henmagglutinin and expressed either
as a self-antigen in a transgenic nouse expressing
it off the C3 pronoter which expresses HA in the
prostate and other parenchymal cells or expressing
it as a tunor antigen on the A-20 tunor which one
can inject into BALB/C mce. And HA, as you know,
is when it cones into the body in the form of an
antigen on influenza is a very potent antigen and
i mmunogen and the question is what is it whenit's a
tunmor antigen or a self-antigen and the system here,
hard to see backwards is that one can transfer
limted nunbers of marked T-cell receptor transgenic
T-cells into these animals with a transgenic T-cel
receptor specific for an HA peptide in this case

presented by MHC Class 2 nolecules and then after
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encountering the antigen in vivo in a setting where
they represent a snmall enough proportion of the
total T-cells, can be taken out of the animl and
their functional state is determ ned.

What 1'Il tell you w thout showi ng you
the data is that in all of the cases, nanely HA is a
self-antigen, as a tunor antigen or as a viral
antigen, one can show by looking at activation
mar kers on these transgenic T-cells that the T-cells
recogni zed through their T-cell receptor HA peptide
and also they're still pr esent after t hat
recognition.

In nost cases they expand sonmewhat and
then they contract back down, but they're certainly
still present. So one can then pull them out and
| ook at their function and hope that -- good.

So this is one of a nunber of assays
that we used, the sinplest being sinply |ooking at
proliferative response to the cognate henmagglutin
peptide in vitro presented by good antigen
presenting cells and what we're show ng here is the
response per clonotype positive T-cell. So this is
really looking at the proliferative function per

cl onotype positive T-cell. What |'Il tell you is
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that if you |ook at |ynphokine production one sees
essentially the sane thing.

So with HA as a self-antigen, what one
see is not unexpectedly the induction of anergy, the
now, probably nost inportant form of peripheral
tol erance, and so when these cells circulate in HA
transgenic animals for one week, one | oses about two
thirds and then after two weeks about over three
quarters of the responsiveness and this is the
classic definition of anergy when HA is expressed as
a parenchynal
sel f-antigen

If now one |looks at HA expressed on
tumor cells as Eduardo did, even though a 20 which
is a lynphoma cell that imrunologists use for in
vitro studies for antigen presentation, nonetheless,
as a tunor antigen HA induces the sanme sort of
anergic tolerance as it did when it was a
par enchynmal
sel f-antigen

Conpare that with the response when HA
is a viral antigen such as this reconbi nant vaccini a
HA here and what you see is the classic hyper
responsi veness of a nenory response of an activated

cel l.
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So this is one of actually now a nunber
of exanpl es ener gi ng in t he literature to
denonstrate that, in fact, the response of the
I mmune system to antigens expressed by tunors tends
to be that of tolerance. So the problem then is
really breaking tolerance, taking either cells that
have low affinity receptors and therefore are
i gnorant of the antigen and now raising themup to a
state of therapeutically useful activation or
potentially formally breaking tolerance by taking an
anergic T-cell, rendered anergic, and converting it
to an activated cell.

So we have to understand this process a
little bit nore and certainly one of the current
driving paradigns is the nodel put forward by
Bretcher and Cohen which is that applied to T-cells
in this case which is that in order for a T-cell to
be appropriately activated, it requires two signals,
signal one being engagenent of the T-cell receptor
by the peptide MHC antigen, signal 2 being a co-
stinmulatory signal. W now know that signal 2
represents a host of different co-stinulatory
signal s. In the presence of signal 1, in the
absence of signal 2 the default pathway would

t herefore be tol erance.
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What we're now learning in the case of
tunors as well as parenchymal self-antigens is that
t hese decision processes, the APCs in all cases seem
to be bone marrow derived antigen-presenting cells.
So what that nmeans is that if tolerance is being
i nduced, it's being induced because the antigen is
being presented not by the original «cell that
expresses it necessarily, but rather by a tolerizing
bone mar r ow deri ved anti gen-presenting cell.
Li kew se, if activation is the outcone, it's because
it's a different kind or state of antigen-presenting
cell that's providing the appropriate co-stinulatory
nol ecul es or signals in addition to signal 1
And so one can then | ook at the response
to tunor antigens versus antigens in a vira

infection, really based on what the nature of the

antigen-presenting cell is, the idea being that in
the case of a viral i nfection, there are
inflammatory or we'll use the term danger signals a

la Polly Massinger which we now know to really
involve a nunber of chemcal species such as
cytokines, such as GMCSF and TNF alpha which
activate antigen-presenting cells and that results

in the appropriate signal delivery to
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T-cel | s. In the case of tunor, there do not exist
t he appropriate danger signals and so the outcone is
tol erant.

So in essence, what all of cancer
vacci nes probably are trying to do is two things.
One is to deliver reasonable doses of the right
antigens to antigen-presenting cells and the other
is to create the appropriate danger signals that
will activate antigen-presenting cells into this
activation node which we now refer to as the
dendritic cell.

In our own case, we found that a
vacci nation approach that we had been using, nanely
to introduce cytokine genes into tunmor cells and
vaccinate with these cytokine gene transduced tunor
cells turns out probably to be an approach that
generates dendritic cells in vivo local to the site
of antigen. W didn't really know we were doing
this at the time of the experinents which were done
in collaboration with dGenn Drenoff and Rich
Mulligan in which we enpirically |ooked at the
ability of a poorly immunogenic tunor, the B-16
mel anoma transduced with a whole host of different
cytokine genes to induce protective imunity shown

as the ability to reject tunors up here and what
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fell out in this very enpiric, totally
nonnmechani stic study was that GUVCSF transduced
tunors work the best and it was needless to say
extrenely exciting and revealing to us when we were
seeing these sorts of results to begin to see the
results from Ral ph Stei nman' s and ot hers
| aboratories denonstrating the inportance of GMCSF
in generating the differentiating signals towards
progenitors towards dendritic cells.

So the idea then wth these GVCSF
transduced vaccines is that the transduced vaccine
was a depot for locally for tunor antigen as well as
GMCSF and in the presence of this |ocal GVCSF, bone
mar r ow- deri ved progenitors wer e i nduced to
differentiate to antigen-presenting cells. One can
show with all the markers that in addition to
macr ophages and everything else that there are
dendritic cell marker expressing APCs that abound
within the vaccine site and they eventually appear
in draining | ynph nodes.

VWat we also were able to denonstrate
with nodel antigens in the tunor using chineric
experinments, these are experinents done by Paul
Lunback and Alex Wng, was that when antigen is

taken up into these antigen-presenting cells in
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vivo, it's not only processed into the MHC Cass 2
pat hway, but also is efficiently processed into the
WMHC C ass 1 pathway, this phenonenon known as cross
primng. And in studies using bone marrow chi neras
in which bone marrow donors were mce that were
genetically knocked out for various nolecules or
genes and coding nolecules in the Cass 1 antigen-
presenting pathway, it's now quite clear that this
cross primng pathway for the presentation of C ass
1 antigens goes through the cytosolic pathway, so
that if one elimnates a tap in the bone marrow
derived cells or if one elimnates LMP-2 or LMP-7
| ooking at an antigen that is LMP-2 or LM-7
dependent for proteosonal processing, one loses this
Cross primng.

So | think one of the very inportant
areas of investigation now for vaccine devel opnent
needs to be understanding exactly howit is at these
antigen-presenting cells cross out of -- wll cross
antigens out of the endosomal conpartnent and into
t he cytosol e.

We thought that to further develop or
understand this, we needed to have an in vitro
system in which we could denonstrate that antigens

delivered to, for exanple, dendritic cells in vitro
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exogenously <could be crossed into the Cdass 1
pat hway. And even though a nunber of investigators
such as Ken Rock have shown that really ridiculously
super - physi ol ogi ¢ concentrations of antigen could
achieve this, it turns out to be very difficult to
actually see this with normal amounts of antigen,
but we were encouraged, certainly by N na Bhardwaj's
studies denobnstrating that antigens in apoptosing
cells could, in fact, in vitro be taken up by
dendritic cells and presented by MIC Cass 1
anti gens.

Pursuing this, one of the graduate
students in the lab, Jianglin Lu, wusing the HA
system and dendritic cells, followed this up further
and in his hands he found that when one sinply adds
HA in the formof |ysate of a tunor cell expressing
HA to dendritic cells and then adds CD-8 positive T-
cells specific for HA, there's really very little
activation of these cells.

It wasn't until he added cognate hel per
cells to the dendritic cells shown here, so these
are adding helper cells specific for HA that he
was, in fact, able to now at quite reasonable
concentrations or doses of antigens, generate this

in vitro cross primng with dendritic cells. | t
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could be partially replaced by sinply infecting the
dendritic cells wth a vaccinia virus indicating
that this infection generated sone internal signals
whi ch activated this cross primng pat hway.

Interestingly, in contrast to what one
m ght have expected from sonme of the in vivo
studies, an agonist, anti-CD-40 antibody failed to
replace helper cells thenselves in allowng this
Cross primng to occur.

Just to give you an exanple of the
potency with which one can see this cross primng,
this is sinply looking at the CD 8 response when
tunor lysate is diluted down towards 1 to 1, 000.
And of course, when you do that and have CD 4s and
CD-8s present, what you see is this drop off, but
this drop off could be from a decrease in
presentation on the Cass 1 site or the Cass 2
site. However, one can separate the systens and add
sinply the Cass 2 peptide at the phase in which the
hel per cells are added to the dendritic cells and
what you can see is that in this case the hel per
cells sensitize the dendritic cells in a way that
now even very, very small anpbunts of antigen in the

formof diluted tunor |ysate can still, nonethel ess,
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cross prime in the sense of be processed into the
MHC C ass 1 pat hway.

Notice here that in the absence of
hel per cells, one does begin to see a little bit
when with high anpbunts of |ysate and in fact, when
one concentrates the |ysate further, one can show
that again at very |arge anounts of antigen one can
do away with hel per cells. However, with the |evels
of antigen that we think represent physiologic
|l evels, the inportance of having cognate help to
sensitize dendritic cells we think is going to turn
out to be really quite crucial.

In fact, helper cells which had been
ignored conpletely by the cancer i nmunol ogy
comunity for many decades are really undergoing a
revival and | just want to show you an exanple of
sone studies that Ken Hung did with the GJUSF
transduced B-16 vaccines to denonstrate the
i nportance of helper cells in nediating a nunber of
addi ti onal ef fector pat hways besi des simply
activating CIL and you can denonstrate this in
knockout mce in which one can see that relative to
the protection generated in wild type mce, there

is, as expected a loss in protection in CD8
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knockout mce when one vaccinates wth GVCSF

transduced tunors and then chal | enges.

However, there is still a reasonable
| evel of protection. Instead if one vaccinates a
CD-4 knockout nouse, one | oses al | of t he

protection, so the difference between basically this
line here and this 1line here, represents CD 4
dependent anti-tunor effector mechanisns that are
ot her than CD- 8. And in fact, if one sinply | ooks
histologically in the challenge site of a wild type
ani mal vaccinated with

-- I don't know if we can focus that, vaccinated
wth B-16 GUCSF cells, one can, in fact, see an
infiltrate of eosinophils that is lost in the CD 4
knockout mce. You'll have to take ny word for it,
since they don't seemto be focusing this too well.

In CD-8 knockout mice, there's really no
di fference.

So it turns out that those eosinophils
are a TH 2 dependent effector. In fact, there's
also inportant TH 1 dependent effector that 1is
i ndependent of CD-8s and that turns out to be
macr ophage- dependent I NOS and what you can see here
is that INOS is induced quite dramatically within

macrophages infiltrating a tunmor challenged site in
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ani mal s vaccinated with B-16 GVMCSF vacci nes. Again,
this is conpletely CD- 4 dependent.

What | won't show you is that this is a
TH 1 dependent phenonenon and that in I NOS knockout
mce one |oses about 50 percent of vaccination
potency as does one | ose about 50 to 60 percent of
vacci nation potency in GP-91 knockout mce which are
-- which is one of the subunits of the NADPH oxi dase
conpl ex responsi bl e for superoxi de generati on.

So I'll leave this actually as -- how
much tine do | have? [I'mout. Ckay.

(Laughter.)

Jimis sointimdating. So this wll be
my last slide. So | sinply want to point out here
and this certainly has a lot to do with issues of
what one assays for in attenpting to determ ne
whet her one's vaccine is really doing what it's
supposed to be doing. The point here being then that
through this, in our case, in vivo dendritic cel
generation mechanism one generates in addition to
CD-8 positive CTL through helper cell sensitized
dendritic cells in the | ynph node, an additional set
of effectors that is CD 4 dependent, that in fact,
in this particular system generates both TH 1 and

TH 2 effectors. The TH 1 effectors activating
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macr ophages that have picked up tunor antigen from
the netastatic deposit presented on Cass 2 and then
these activated nacrophages produced both nitric
oxide as well as superoxides and probably other
interesting reactive oxygen internediates as well
where as the TH 2 pathway activates eosinophils
which turn out to degranulate and eosinophil
granul es contain a nunber of very potent cytocida
nol ecul es.

VWhat | haven't shown here is antibodies,
al though antibodies probably also support this
response by oxidizing tunor antigens to anplify this
cycle through MAC Class 2 positive cells at the site
of netastatic tunor.

So in fact, | think the take hone
message is that with the appropriate delivery of
antigen and activation of antigen-presenting cells,
there may be a nunber of inportant i mmunol ogic
effectors that one needs to think about in terns of
bei ng brought to bear in a synergistic fashion to
generate the nost effective anti-tunor imunity.

(Appl ause.)

DR. MULE: Thank you. Qur final speaker
of this session before we have our panel discussion

is Dr. Larry Kwak fromthe NCI, keeping in line with
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what Drew had introduced with respect to GMCSF.
We'll hear a bit nore about that in Dr. Kwak's talk
which is recruitnment of dendritic cells for tunor
antigen processing for T-cell recognition in vitro
and in vivo.

DR. KWAK: Actually Drew -- could I have
Drew s last slide? I'mgoing to start with that.

(Laughter.)

| think you'll find that many of the
observations that |I'm going to share today actually
inpact on several of the topics that are being
raised by this synposium including sone already
di scussed today, as well as those tonorrow and the
current session on dendritic cells.

The studies that I'"'mgoing to share with
you today are focused on the study of an antigen
called idiotype which we have been focused on for
about a decade now. The concept of the -- | think
my pointer went dead.

The concept of the -- as shown on this

slide and it's that the immunogl obulin receptor, the

antigen receptor on a nmalignant B <cell 1is an
i mmunogl obul i n nol ecul e. The clonal proliferation
of tunmor cells from the neoplastic clone wll be

unique fromall other B cells in the human body in
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that there will be a unique constellation of am no
acid sequences generated by the heavy and 1|ight
chai n genes. This particular -- this is a slide

actually that was taken froma publication by George
and Frieda Stevenson in 1971 who were the first
really to propose idiotype as a tunor specific
antigen for B cell malignancies.

As shown on this slide is the spectrum
of normal B cell differentiation and some of the
mal i gnancies, the spectrum of malignancies that
could be envisioned for targeting of this receptor
by vacci ne approach, including CLL, B-cell |ynphoma
and multiple nyel ona.

The pre-clinical rationale, the sem na
experinments for this approach were actually also
done in the very early 1970s in the |aboratory of
Ei sen, who first denonstrated that an inmunogl obulin
derived from a MOPC plasma cytoma could be used to
I mmuni ze syngeneic mce in such a way as to raise an
anti body response that was specific for that
i diotype portion or the variable region portion of
t he i munogl obul i n. These mice could subsequently
be protected against tunor challenge against the

particular tunor from which the inmunogl obulin was
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derived and that this tunor resistance was also
specific for the idiotype portion on the nol ecul e.

Since that tinme, this basic phenonenon
of idiotype specific tunor resistance has been
reproduced in a nunber of [|ynphonma nyelonma and
| eukem a nodels and so it's on quite firmbasis that
we stand for the clinical trials that I'"m going to
spend the majority of ny tinme describing to you.

Now the very first human clinical trial
was done by nyself working in Ron Levey's | aboratory
at the time in which we inmunized nine patients with
B-cell |ynphoma wth immunoglobulin derived from
their own tunors. This was an inportant study, but
it was a pilot study, just the beginning because it
showed | argely that one couldn't raise an antibody
response simlar to the animal experinents of Eisen
several decades ago, but largely what was m ssing
were T-cell responses in these patients and this was
a heterogeneous group of patients and the question
of clinical efficacy was not to be addressed here.

Subsequent |y one established the program
at the NCI. We established several goals, two of
whi ch are shown here for subsequent human | ynphoma
vacci ne devel opnent. The first was to make further

i nprovenents in vaccine potency so that we're able
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now to systenmatically assess the question of anti-
tumor efficacy and I'll show you how we' ve done t hat
in the current clinical trial, but secondly, to
conplete the answer of immunogenicity, by focusing
on the generation of CD-8 positive T-cell responses.

This is the schema for the current
clinical trial. It's a single arm protocol and it
has several distinguishing features which 1'lIl go
through Dbriefly. The first is that because
vaccination is going to be -- is going to depend --
t he success of vaccination is going to depend on the
ability of the host to nmount an immune response in
this disease particularly follicular or |ow grade
| ymphoma, we felt justified in going into previously
untreated patients. These patients are all after a
| ynph node biopsy to obtain starting naterial for
the vaccine, are uniformy treated wth the sane
chenot herapy regi nen. The particular reginen is
probably not inportant. VWhat is inportant is that
at the end of this chenotherapy, that one has a
honmogenous group of patients who are in their first
clinical remssion fromtheir disease. After a siXx
to 12 nonth waiting period after chenotherapy, the
series of vaccinations is given with the autol ogous

idiotype, derived from the patient's own tunor,
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coupled wth KLH as an immunogenetic carrier and
then as Drew laid the groundwork for the use of
GVCSF, in this case, soluble GMCSF mxed with the
antigen and adm ni stered over a total of four days.

So in this first part of the talk one
can think of this representing a recruitnment of
dendritic <cells in wvivo and those are the
i mmunol ogi ¢ and nol ecular results that I'm going to
share with you. But before | do that, | want to
make the point that in the field of cancer vaccines
unl i ke that of chenotherapy where the final question
is that everyone wants to get to is can this therapy
produce clinical benefit, we have to answer this
first question -- this other question first and that
is, is it even possible to inmunize against the
sel f-tunor antigen?

Now in trying to answer that first
guestion of whether it's even possible to inmmunize
agai nst the tunor antigen, we spent quite a bit of
time in our l|aboratory thinking about what the nost
convincing |evel of evidence would be to show that
we' ve actually acconplished i nmuni zati on.

These are what |'ve listed, these two
are targets that have been used traditionally for

measurenent as targets or the T-cell response in
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cases where the antigen or the peptide is known,

aut ol ogous antigen-presenting cells pulsed wth

those peptides and antigens have been used. Even
better, when available, allogeneic tunor cell |ines
have been used as targets. But we felt that the

very best |evel of
-- nost convincing level of evidence would be
obtained by using autologous, in each case using
aut ol ogous tunor cells. And so all of our assays
have now been adapted towards the use of autol ogous
tumor cells as targets and admttedly, working with
hemat ol ogi ¢ mali gnancies, it's sonmewhat easier than
working with solid tunors, but it's a human
experinment that neverthel ess needed to be done.

Twenty patients who were in conplete
rem ssion, first conplete rem ssion on that clinica
study have conpleted vaccination and those are the
results that 1'm going to share with you today.
These are still unpublished and were the subject of
a plenary session presentation at the Anerican
Soci ety of Hematol ogy just three days ago.

The first question of T-cell immunity to
this antigen has been addressed by Maurizio
Bendandi, who is a Fellow in the I|aboratory who

sinply took PBL fromimunized patients and put them
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in culture wth aut ol ogous | ynphoma cells,
follicular |lynphoma cells in each case and asked the
guestion of whether the -- after five days asked
whi ch cyt oki nes were being nmade in response to that
stinul ation. And what's shown here are inpressive
levels of TNF production. Also consistently
observed are GVSF and interferon gamm and
basically the bottomline is that 17 out of these 20
patients nmake specific responses to their autol ogous
t unor . Now in the interest of time I'm going to
show you the <controls that you undoubtedly are
asking for on the next few slides.

These are two representative patients
which show first that tunor specificity of the
response as shown by the |lack of response of i mmune
PBMC for nornmal flow sorted peripheral blood B cells
as nonneoplastic targets. Secondly, what this
experinment shows is that the stinmulation of this
response agai nst autol ogous tunor can be bl ocked by
the addition of an anti-Class 1, but not by an
i sotype control antibody or anti-C ass 2.

When we asked the question of whether
these T-cells, they can make cytoki nes, but can they
actually kill the autologous tunor cell in vitro?

We had to do one additional manipulation and that's
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shown on the left part of the slide in blue and that
is to prestinulate the stinmulating tunor cells
through the CD-40 receptor with fibroblast cells
which are transfected with the CD-40 |igand. When
those tunor cells, prestimulated tunor cells are
used in the assay | just described, that is, taking
i mune PBL, stinulated with tunor cells for five
days and then assayed on unnodified native tunor
targets the followng results were obtained. 1In the
vast majority of these patients that |I've shown you,
two representative for sinplicity here, we observed
significant -- substantial amounts of killing of the
aut ol ogous tunor cells in each case that was evi dent
post-vaccination, but not pre-vaccination. As
controls for specificity there was lack of killing
on non-neoplastic normal B cells and when avail abl e,
EBV | ynphhobl astoid l|ines from these very sane
patients to denonstrate the tunor specificity of
t hese T-cells.

The Ilysis of these autologous tunor
cells was al so bl ocked by the addition of anti-d ass
1 pretreatnent and not by control antibodies and
when he fractionated out the CD-8 positive T-cells,
these were sufficient to nediate that |evel of

lysis. Nowin terns of trying to answer that second
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guestion, trying to begin to answer that second
guestion of anti-tunor effects, the difficulty in
the design of the trial is shown here and that is
that all of these patients by design are in a
m ni mal residual disease state, conplete rem ssion
at the tinme we give vaccinations, so that standard
tumor shrinkage criteria cannot be used to ask
whet her the vaccine had an anti-tunor effect.

However, there is a nolecular surrogate
marker for m ninal resi dual disease in this
particul ar disease and while we're not saying this
is good enough for licensing of a drug, to prove
scientific -- proof of concept, | think you'll agree
it certainly is valid. And the premse is based on
the fact that even though all of these patients who
are in conplete clinical rem ssion have no disease
by standard clinical criteria, they will all be PCR
positive in the blood or bone marrow by using this
PCR t echni que.

And the PCR reaction, the nolecular
marker is of course the 1418 translocation which
involves the rearrangenent of the BCL-2 oncogene.
This rearrangenent is detectable by PCR in about 50
to 60 percent of patients with follicular |ynphoma

and again, | don't have the tinme to go through the
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entire details of the analysis, but ['ll just try
and hit the high points. It's inportant in doing an
analysis like this that it be set up properly and |
think we've acconplished that. These assays were
all performed by individuals who were blinded to
clinical information. The assays were -- each
sanpl e was anal yzed by individuals who were blinded
to the information at two independent sites here at
the NCI as well as wth a collaborator at Penn
State, Hershey, and 10 replicates were used per tinme
point, internal <controls and in each case the
rearrangenent was -- the anplified product was
confirmed by nucl eotide sequencing. And 11 of those
20 patients had tunors which were -- that had break
points that were anplifiable by this nested PCR
reaction. Ei ght of those patients converted to PCR
negativity after the vaccine while three others
remai ned persistently PCR positive in the peripheral
blood and these are ten replicates at each given
time point.

This is a summary of the PCR results on
those 11 patients. Again, 8 out of the 11 converted
from PCR positivity pre-vaccine. Al'l of them were
PCR positive, even though they were in a clinical

conplete rem ssion. Ei ght converted in the red
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boxes to PCR negativity and have maintained this PCR
negative status at serial sanpling for up to 27 plus
nmont hs continuously. O the three patients who were
PCR -- who did not clear detectable disease, one of
them has rel apsed and is one of the two patients out
of the entire group of 20 who have relapsed, the
remainder remain in first continuous conplete
rem ssion

And so in wapping up this first part of
the talk, these first tw points correspond to the
two questions that | posed at the beginning and that
is the first question is whether we could even
i mmuni ze against this particular antigen. e
bel i eve through sone of the data that |'ve shown you
today, that we're arriving rapidly at the answer in
the affirmative for this particular antigen and
that's denonstrated by 17 of 20 patients vaccination
agai nst idiotype has elicited the first evidence for
CD-8 positive T-cells specific for their autol ogous
tunmor cells.

These data are also inportant, perhaps
equally so, because they formally suggest that
follicular |ynphoma cells can present the endogenous

i di otype presumably as peptide MHC conplex to CD- 8
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positive cells and therefore can serve as targets of
I nrune response in vivo.

Secondl vy, in terns of anti -tunor
effects, aside from -- well, 8 out of 11 patients
whose tunors were nbr positive converted to PCR
negativity, we bel i eve provi di ng t he first
systematic evidence for an anti-tunor effect of
idiotype vaccination in this disease, aside from
several anecdotal reports that have been published
of isolated regressions of tunor nasses in patients
who are already in a mninml residual disease state.

W think that the reason that we're
seeing both of these effects, profound inmmunol ogic
effects, as well as the very provocative nolecul ar
responses so easily is the GMCSF which we think is a
critical factor of this particul ar vacci ne
formulation. And these are just the clinical, just
in witing, the clinical results, the <clinica
outcone of these patients that 18 of 20 remain in
continuous first CR with a nedian follow up of 36
plus nmonths after the conpletion of induction of
chenot her apy. O course, what's needed to provide
the final answer to that second question now is a
random zed nulti-center controlled trial to vaccine

ver sus not.
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|"m going to just use the remainder of
my tinme to illustrate an approach in which we are
exploring the use of dendritic cells in vitro with
this particular antigen. This slide illustrates an
alternative strategy that we have been pursuing for
sone tine now. This is actually the clinical
history of the first patient who was published in
Lancet in 1995 in which this is really an adoptive
T-cel | i muno-t herapy approach in which we've
actually immunized the donor, the healthy marrow
transpl ant donor and achieve transfer of T-cell
immunity from donor to recipient through the bone
mar r ow i nnocul um
For all the reasons that we m ght have -
- that vyou've heard today that we mght have
difficulty i1immunizing the autologous tunor-bearing
host, these are the reasons that we should be trying
to imunize normal donors or cells derived from
normal donors for adoptive transfer. And I'll just
point out the last one that from a cancer vaccine
standpoint, it's been particularly appealing to us
because i muni zation of a healthy donor should be
relatively weasily acconplished conpared with the

t unor - bearing patient.
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Well, since that tinme we've evolved our
thinking sone and there are probably inocula,
transfer inocula that are nore effective than bone
marrow for transfer of T-cell imunity if what one
is trying to really transfer ultimately is
essentially a pure population of tunor specific T-
cells and this stands for donor |ynphocyte infusion
for those who are not in the hematol ogy fi el d.

And secondly, for various reasons it's
probably appealing to be able to do this whole
t hi ng, maneuver this whole immunization of donor T-
cells in vitro rather than or in addition to in
vivo. And the approach that's shown here is as one
could guess is to take donor T-cells and to do a
primary in vitro inmunization using dendritic cells,
to expand those
T-cells and to give themthen, subsequently transfer
them to the patient as a tunor-specific T-cel
i mmunot herapy. And in collaboration with KimLierly
and Yee Wen Lee and their |aboratories at Duke, we
have acconplished this in a pilot study of a single
patient in whom we've acconplished the top part
which 1'll share with you in the next two slides
that is the primary in vitro inmunization for T-cel
i mmunity.

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

267

Yee Wen Lee took peripheral blood froma
| eukophoresis from a normal donor and took the
adherent cells and established isolated dendritic
cells with GM and I1L-4 and pul sed those using those
dendritic cells that were pulsed with the whole
i mmunogl obulin protein derived from the nyel oma of
the recipient, then sensitized T-cells through
mul tiple rounds of stimnulation. And this T-cell
[ine now, the activity of this T-cell line is shown
in this slide and specifically for its activity
agai nst the autologous, for its ability to kill the
autol ogous, that is the recipient plasma cytona
cells. So again, we're using the autol ogous tunor
cells as the target here for read out.

VWhat he has shown is that these T-cells
are capable of killing the autol ogous plasma cytona
target and again in a tunor specific manner because
normal B cells from the sanme recipient are not
killed and that this killing can be bl ocked agai n by
anti-C ass 1.

There are both CD-4, this line consists
of both CD-4 and CD-8 positive tunor cells. They
make substantial anmpunts of interferon gamma. This
is a fast immune assay and other type TH 1 type

cytokines in response to the autol ogous tunor cells

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

268
stinmulation and again this response is tunor
speci fic.

So I'd like to just close with this
final slide which illustrates several aspects that
we haven't been able to share with you, but that is
the exciting ability to develop other fornulations
of this particular antigen, including those such as
chenokines fused to the antigen of interest which
probably also work by activating, recruiting
dendritic cells in vivo. |'ve shared with you how
we've used dendritic <cells to generate T-cel
immunity in vitro and lastly, one of the nost
exciting aspects is the existing clinical trials,
taking material from those trials back into the
| aboratory to answer basic questions in inmunol ogy.

This final slide is perhaps nost
i nportant. It's an acknow edgenent of t he
individuals fromny | aboratory who perfornmed nuch of
the work | presented. | want to acknow edge al so
Craig Reynolds and Jay Geenblatt for their help,
continuing help wth production aspects in support
of the clinical trial as well as regulatory aspects
and sonebody once told ne that you know you really
have arrived when you have your own beer. Thank

you.

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

269

(Appl ause.)

DR. MULE: Thanks, Larry. [I'll ask now
all the session speakers to conme up front and we'll
spend sone tinme going over sone issues in a panel
di scussion. On behalf of Dr. Steinman, nyself, 1'd
like to thank all the speakers for their
present ati ons. So if we can have everyone conme up
front here.

DR, MARTI : | too, would like to thank
all of the speakers of this afternoon's session for
a trenmendous anount of information that they' ve
shared and the battery on ny watch is dead, so
pl ease, sonebody watch the tine. | think there's a
Medi cine Review Board course in this room at 5
o' cl ock. Anyway, on page 14 of your program book
are the questions that have been fornulated for the
panel and |1'm going to just start with the first
guestion because | think it's been very central to
many of the presentations this afternoon. And that
guestion is what 1is the imunophenotype of a
dendritic cell? Can we have a conmon
i mmunophenot ype that can be agreed upon in the form
of consensus, a single tube assay? Wuld it be two
color, three color or four color? And also, while

the panelists are thinking about identifying the
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dendritic cell, I think that it's just inportant, as
inportant, to think about the other cells that are
in that preparation. And again, this is not so much
for the idea of purity, but it's to have sone
feeling for what's in the product and what's being
infused into patients.

So perhaps, Dr. Steinman, we can start
w th you.

DR. STEINVAN: Yes, | think the point is
product characterization and | think the useful
mar kers woul d be the |ineage markers, CD- 3, CD 14,
CD-19, CD-56 and so the dendritic cells shouldn't
have those markers. And then you want DR and |
think you need to know the |evel of co-stinulators.
The three that we |like the nost are CD-40, 54 and
86.

And then you get to the dendritic cell
restricted markers, so it's currently avail able are
83, hopefully DC-LAMP will conme soon. So think
that's a pretty big panel. That will cost you
$5, 000 probably.

(Laughter.)

DR. MARTI: \hat about |LT-3?

DR. STEI NVAN: The | LT-3, nmy

understanding of that famly is that it's broadly
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expressed on nyeloid cells and | think you were
taking advantage of other scatter properties in
getting the specificity that you did. | think after
culture, especially,

ILT-3 will be on many different kinds of nyeloid
cells, but it's alittle early there.

And then | just want to enphasize two
things you brought wup, Jerry, which is one that
we've got to standardize our facts and you gave us
terrific leads wth those issues of cytonetry and
t he beads, and secondly, that we've got to start
usi ng perneabilized specinens. For exanple, CD 83
is found inside the immture dendritic cell and it's
maybe a very hel pful marker for that state. DEC-
205, human equivalents are just comng in, but
that's largely intracellular, it's elect and
receptor on the dendritic cell and DC LAWP, of
course, is alnost entirely intracellular. So |
think that's going to be informative.

DR. MARTI: Thank you. M ke?

DR LOTZE: Al of the studies in terns
of characterizing DCs in our clinical protocols have
been worked out in our imunologic nonitoring and
di agnostic | abs by Elaine Elder and Tracey Witeside

and in addition to the ones that Ral ph tal ked about
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where we do a cocktail of antibodies to define
| i neage negative cells against CD-86 or Class 2, we
al so increasingly have been using the GVCSF receptor
al pha chain and the I1L-3 receptor alpha chain to
differentiate the lynphoid, | should put nomnally
| ynphoid dendritic cells and nyeloid DCs. You can't
really define cell of origin based on just
phenot ype.

| also think it's inportant, the point
that was made by Ral ph about the contam nation by
other cells. Many of the results that | see com ng
out of our clinical trials gate on the large cells
and you tend to ignore the fact that there are a
| arge nunber of contam nating other cells, nobst of
which are T-cells which cluster with the DCs very
effectively. And so since we know as Drew
enphasi zed earlier and | think Jacques, these T-
cells can al so nodul ate DC function, both in culture
and presumably after adoptive transfer. It's
inportant we try and get a handle on this nomnal T-
cell contam nation

And then | also think -- just as one
final point, is | think the issues related to
maturity of DCs is again an issue which over and

over again has been thematic for the |ast couple of
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years where the bright expression of Cass 2 CD 86,
CD-80 and the mature DC marker, CD-83 as well as P-
55 active bundling protein are the ones that we're
going to have to add to define the DCs that we're
gi vi ng. " m hopeful at the end of the next couple
of years of clinical testing that we'll be able to
say these are DCs that were derived that had sone
kind of clinical endpoint if not clinical endpoint
antigen response endpoints which ultimately are
going to be the things we'll dictate what the best

DCis for clinical trials.

DR MARTI : Dr. Banchereau, |'m not so
sure that you agree that there is T-cell in your
pr epar ati ons. What markers would you suggest for

the other non-dendritic cells?

DR.  BANCHEREAU: First, one needs to
know what he or she wants in terns of the phenotype
of DC. | nmean it's an inportant question. Do we
want imature cells? Do we want partially nmature
cells? Do we want to fully mature cells? That's
t he nunber one question.

| don't think anyone has addressed that
yet. So that's going to be dictating the phenotypes

you want to | ook at. Certainly what we heard from
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Ral ph and M ke we fully agree with. How to use it,
t hat' s anot her question.

The second question IS t he
subpopul ati ons. Do we want to Langerhans cell
types, do we want interstitial DC type. Agai n, we
have specific markers for that. We know that the
CD-2 is expressed on the interstitial DC, CD9
expressed on interstitial DC. W have LAG expressed
on the nonligand cells. Those may be a refinenent,
that we nay want to go for because accordi ng to what

we are searching, we nmay be interested in know ng

t hat . Finally, the contam nants, the contam nants
are inportant. W don't have nuch T-cell
contam nants wusing the GC- 34. | think the people

doi ng the nonocytes have nore of that problem

Now, is that a real contam nant, is that
a beneficial contamnant? |Is that a nonbenefici al
contam nant? Who knows? Again, those are questions
to address and certainly in the case where you do
CD- 34, one contam nant you should pay attention to
are the basophil are eosinophil. If you don't do a
Gensa and if you -- you nay be biased by your facts
because again, the facts don't show you what cell
type you have, so | have forever been pledging for

people to do a G ensa staining to see what cell type
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do you have in your culture because it avoids the
gating which is very dangerous. And for CD 34
cells, we do find TNF to be very essential to avoid
t he devel opnent of basophils and eosinophil. Now, a
few basophils and eosinophils, 1 don't think is
going to hurt you, but we had been playing with sonme
popul ation where we are setting wup all t he
technology for the application to the clinical
trials. W had in sone cases a |lot of eosinophils
and basophils. And | don't think you want to inject
that in too large quantities.

So those are the considerations. Don' t
forget the G ensa.

DR, MARTI : Wuld any of the other
panel i sts care to comment further upon
i mmunophenotyping of dendritic cells before noving
on?

DR, KWAK: Vell, | think there are
others in the audience, especially, I mght ask Kim
Lierly to comment on your dendritic cel
preparations? Maybe you're going to tal k about that
t onorr ow.

DR. MARTI: |s she here? He, I'msorry,
t hank you. There's a m crophone, at |east one | see

here.
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Perhaps it will cone up again. |If there
are no further comments on the --

DR. MILE: | would like to raise one
issue which is in respect to if we agree on a panel
of antibodies that one would use to characterize DC
for the clinical trials and whether that's a panel
to be wused for CD 34 derived versus nonocyte
derived, | think one thing we also have to keep in
mnd is that there is significant variability in
patients with cancer with respect to the profiles
that one sees when one standardizes the culture
conditions for dendritic cell generation. It's
predicated on the previous treatnents that the
patients have received, the tunor type and another
good exanple is in CD-34 nobilization strategies
with GCSF, the types of cells that are immbilized
depend critically on the nobilization strategy
that's enployed and a good exanple are tunor cells
that may also be nobilized to the peripheral blood
when one uses GCSF. So it's not a sinple concept of
just using a defined panel of antibodies, but it's
nmore conplicated when one |ooks at the clinical
situation in cancer patients.

DR. ESSAYAN. |Is there any utility to an

algorithmc or order of different markers. Can you
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reduce the $5,000 aspect by looking at nore
expeditious nethods of identification of dendritic
cells?

DR. STEI NVAN: You know, we just |ook
down the m croscope and we know what we have, but |
just think we're at the stage where we're using
different sources and different |abs and we just
won't be able to standardize unless we all collect
the data. The issue is whether the NCI can hel p us
and start providing these antibodies, especially
sonme of these ones that are getting a little hard to
get .

DR. LOTZE: I like the idea of
antibodies to gamma interferon for the LE spot.
That woul d be a good thing for the NCI to provide.

(Laughter.)

The one thing that | would argue is that
| think a premature rush to standardization to
define virtue in the absence of crisp, clinical
endpoints may be a bit premature in the sense that
we're going to have to go through a period of
expl oration before we can cone to conclusions and |
t hi nk we ought to use the best available markers and
the best available information today, but we ought

to not rush to judgnent as to which cell is the best
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cell or the best phenotype before we collect what is
really the endpoint data, ability to generate an
effective immune response, either to nom nal
antigens or particularly to tunor antigens and the
associ ated clinical response.

DR.  MARTI : I think Dr. Stewart has a
questi on.

DR.  STEWART: | just wanted to nmake a
comment that | agree with what M ke just said, if we
rush into this too fast we may cone to the wong
rules, let's say. W seem to |like rules nowadays.
But at Roswell, we have created 12 different
conbi nations of antibodies and | just noticed four
nmore that | didn't realize were inportant in DCs and
getting normal reference ranges of DCs wth the
strategy that basically everyone is using, but |I'm
trying to take every antibody that's ever been
reported on a DC to be as conprehensive as possible
to develop a normal reference range in a normnal
popul ati on from whi ch we can now base therapeutic or
clinical effects of our treatnents and we hope to
have that study done in the next three or four
months and | don't think it's going to cost us

$5, 000.

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

279

DR. LOTZE: Carleton, are you doing that
for what's in normal peripheral blood or based on
what's in cultured cells. Part of the problemis
once you start manipulating cells in culture and
subjecting them to a variety of di fferent
environnental mlieu ex vivo, then you ve got a
zillion different phenotypes.

DR STEWART: Yes. Right now, we're
just focusing on what vyou're starting with and
presumably what you would have in the patient after
you have done sonet hi ng.

We have four groups at Roswell who are
working on DCs and | know who gets the best
popul ati ons and who gets the worst ones.

DR. LOTZE: Best and worst is judgnmenta
and based on what ?

(Laughter.)

Based on clogging your flow cytoneter
or?

(Laughter.)

DR, MARTI : You know the question that
was asked not only at baseline, what goes into the

culture, but in reference to what is in the culture

at the end that you're going to infuse. Do the
i nvestigators have any limts? | nean, if you only
SAG CORP.
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have one percent, do you still go ahead and i nfuse
that; or if you have 10 percent, do you infuse that?
Where do you not i nfuse?

DR.  STEWART: | think this was brought
up all throughout all of your talks, the fact that
we have a heterogeneous group of |aboratories
studyi ng a heterogeneous group of cells, and even in
our own institute we can see that different people
are isolating their «cells in different ways,

culturing them in different ways, and because they

all -- 1 provide the flow for all of them | can see
the differences and | know what vyou're talking
about . And there's not going to be any consensus
until we all figure out what's going on, because

maybe everybody is doing it right for what they're
doing. The problemis they don't know what they're
doi ng.

(Laughter.)

DR, MARTI: Wuld you go to the
m crophone? This neeting is being transcribed and

per haps state your nane.

DR. WEBER It's Jeff Weber from USC

Just to address Carleton's point, | would think the

gol d standard should still be in the clinical trials

whet her you see clinical benefit. To address your
SA G CORP.

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

281
question of whether you should infuse DCif it's 10
percent or 25 percent or 50 or 80, if you can see
clinical benefit, i.e., shrinkage of disease or what
ever other surrogate immunologic marker you use,
maybe it should be 10 percent, but | wouldn't make
arbitrary assunptions until the data are in, and
they probably will not be in for a year or maybe two
years.

DR. BANCHEREAU: The only problem
actually is that you want to know how many DC or
bona fide DC you have injected. | nean whether you
have to inject 10 mllion cells, total cells, to
give you one mllion DC or whether you just inject

one mllion of pure DC, one of the problens is to

know whether your 9 mllion contam nants would not
be imting the effect of the DCs. | think that's
t he issue.

DR. LOTZE: Can | bring up one other
i ssue? Everything we've tal ked about right now is
phenotype and at the sanme tinme | think functiona
assays whi ch have not been discussed so far by this
panel, including ability to opsonize FITC |atex
beads, the opportunity to stinulate in the m xed
| ymphocyte response where | think Ral ph showed sone

data with your perfect T-cell donor who responds to
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all of your DCs, the ability to make the dendroki nes
that we can identify, I1L-12, alpha interferon, are
al so ot her pot enti al assays are i nportant.
Phenotypically, we see a simlar set of DCs from
hepatitis C patients and yet if you look at their
ability to mke 1L-12, they are functionally
deficient and yet phenotypically they are not
dissimlar from the other DCs we get from other
individuals, and so | think sone functional assays
m ght al so be in order as you assess DCs.

DR.  MARTI : You know this was a big
problem wth CD34 cells, trying to find a
functional assay that didn't take 7 to 10 days or 5
weeks for cobbl est one assay.

We did have one speaker this afternoon,
Dr. Urdal who raised a very provocative question
about the use of CD-54 as a -- | guess an activation
mar ker, something like CD-69 on T-cells. Does the
panel, or Dr. Urdal like to comment further on that?

DR. URDAL: Yes, only to make the point
that it is clearly CD-54 is one of those markers
that | conpletely concur is wupregulated in the
systemthat we work with. Most people would cite it
as a marker that's useful to quantify nunbers of

dendritic cells you mght have in the culture; and |
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think it's coupled obviously with biology, that if
you inhibit that nolecule it's clearly required for
interaction with naive T-cells in the presence of an
antigen for antigen presentation so it's at |east
linked to the biology of that interaction.

DR. MARTI : Do any of the other
panel i sts have experience with flow cytonetric-based
functi onal assays or markers?

DR. LOTZE: We're doing sone assays in
our own |aboratory where you use perneabilized DCs
with staining of alpha interferon and IL-12 after
stinmulation with SAC or LPS ganma interferon as a
way of defining at least their 1L-12 production
capabilities and that's a relatively brief assay.

The other one which has traditionally
been used is just the ability to uptake particul ar
antigens where you could use a variety of ones
coupled with a fluorochrone |Iike FITC

DR. BANCHEREAU: But that woul d not work
if you want to inject a mature DC, because a mature
DC i s not phagocyt osi ng.

DR. LOTZE: And again, this wll
di stinguish that functional characteristic of an
imature versus a mature and can be used both in the

negative as well as the positive.
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DR. MNARTI : If there are no further

comments either fromthe audi ence or fromthe panel

we'll --

DR KWAK: |'ve got one comment.

DR. MARTI: Go ahead.

DR,  KWAK: Dr. Weber made a statenent
that | think needs to be challenged. | really

di sagree that clinical endpoints are going to be
able to guide you with subsequent devel opnent of
your clinical trials. Unless you' re dealing with a
very honbgeneous group of patients, you're never
going to make any sense out of those few anecdota
clinical responses or the mpjority of patients who
don't respond. | think you really have to answer
that first question first which is can you nmake an
I Mrune response. You pick an endpoint that vyou
believe in and use that to nonitor and guide your
subsequent nodification of clinical trials.

DR KUFE: W heard this norning that
accept abl e endpoi nts were clinical responses but not
i mmunol ogi ¢ assays. I think that needs to be
clarified.

DR. KWAK: | guess that's for -- the FDA
fol ks can speak for thenselves, but | think that was

for licensing considerations, not for doing science.
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DR. MARTI: Perhaps this m ght be a good
transition point to Question 4 which deals wth
functional assays and | know that in the remaining
15.5 mnutes that we have in this auditoriumthat we
won't get -- arrive at any consensus, but is it
possi bl e between the types of assays with regards to
proliferation of cytotoxicity and cytokine secretion
is the nost inportant thing to show sonme type of
antigen specificity? And don't everybody junp in at
once.

DR LOTZE: Maybe 1'Il just comment
about the nelanoma as a perfect place to start,
perhaps idiotype and |ynphoma where you actually
have a defined antigen. Much of the problem with
many of the other nonantigen, specific driven
approaches is you don't have a target. So | think
clearly if you' re immnizing with peptide X, mart 1,
GP- 100, tyrosinase, TRP-1, whatever it is, that it
woul d be not novel or amazing to think that T-cel
assays in response to that are an inportant part of
your i nmunol ogi ¢ noni toring. | guess the critica
guestion in our mnd is where you look for such
cells. Traditionally, they have been |ooked for in
t he peripheral bl ood. Qur approach has been to

increasingly look at the site of tunor or at a
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surrogate for tunor, DTH site, which we biopsy and
then ook at those T-cells as potentially a way to
| ook for specific T-cell responses.

DR. MARTI : Bef ore the panel conti nues,
Dr. Puri remnded ne that we also in terns of the
functional assessnent are concerned about whether or
not we can neasure or should neasure quantitation of
t he peptide | oad. | think Dr. Banchereau, | really
liked his cartoon drawings that showed in a very
graphic way the loading of the dendritic cells. I
know that we're going to hear sonme nore about this
in the conference, but in addition to proliferation,
cytotoxicity, and cytokine secretion, when the
ability to neasure antigen-loaded cells, would that
be a better one? And maybe, Dr. Banchereau, you can
be next.

DR. BANCHEREAU: Thanks. Qoviously, it
woul d be wonderful if you could do that, but how can
you do that? | nmean, nmaybe one day we will -- |
really don't know how to address that. |It's a tough
question. Ral ph, why don't you take it?

DR.  STEI NVAN: The antibodies stem HC
peptide hopefully will conme on board. That may not
be a sinple situation though. And | think what

we're doing in ternms of peptide is we always have a
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functional readout for dendritic cell stinulation of
a peptide specific T-cell and then we saturate the
system functionally. So, for exanple, in the flu
matri x system nost of the tinme 10 nanonolar or 100
nanonol ar peptide is plenty, and yet we're treating
the dendritic cells that we prinme the patients with
or boost the patients with ten mcronolar, one

m cronol ar peptide so we're way above saturation we

t hi nk.

DR. MARTI: Go ahead --

DR STEI NVAN: W'll really get,
think, held back if we start doing all these
measurenents as a standard thing. |It's certainly a

terrific research --

DR. MARTI: Experinental.

DR LOTZE: I just want to nmake a
cautionary note that the peptide pulse DC in vitro
is not again necessarily what you want to neasure
because they have their own life history after
you' ve pulsed them They will lose their ability to
present that peptide with tine, decrenentally very
quickly in studies shown from Franco Marenclo's
group here at the NIH, within 24 hours these peptide
pul se DCs have substantially decreased their ability

to stinmulate specific T-cells, and a recent
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publication in JI from Andy Amascatto at the
University of Pittsburgh showed that peptide-pul sed
DCs are the Edward Sci ssorhands of imunol ogy. They
slice and dice the peptide very quickly in a nodel
peptide antigen tyrosinase. You actually cleave it
very quickly and the question is how long do these
peptide-pul sed DCs remain as effective imunogens
and it brings up all sorts of questions about
whet her al ternative strategies usi ng | onger
pepti des, authentic proteins or again as was
suggested, apoptotic bodies and apoptotic cells
being the preferred way to deliver antigen that we
contenplate not only what happens in a heartbeat in
our in vitro assays, but also what's happeni ng over
the course of DCs in vivo because | think they're
degradi ng these peptides very quickly.

DR MARTI : I think Dr. Urdal has a
comment and then Dr. Bancher eau.

DR, URDAL: | just wanted to kind of
echo the remarks that M ke went on to say, there's
really nothing new to that.

DR. BANCHEREAU. So suddenly one day, |
believe that we're going to have before the panel a
nonocl onal anti body that would recognize the right

peptide in the context of the right HLA Cass 1 or
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Class 2, but it's going to take a nunber of years to
identify the right peptides and then to identify the
right antibodies that recognize that. Meanwhi l e, |
think functional assay 1is going to be the
concl usi on.

DR. MARTI: Myving on down, if we could
still have some comments from the other end of the
panel wth regards to functional assays. Dr. Kufe?

DR.  KUFE: Wll, as | presented, we've
been using MR assays with the fusion cells as one
functional assay, and we've just begun cultivating
the fusion cells with autologous T-cells and then
assaying the function of those stinulated T-cells to
kill autologous targets at CTGCs. So those are our
two main functional assays that we're using right
NOW.

Wth regard to antigen in the approach
we're using wwth a fusion cell, we have a
sem -quantitative way of identifying the antigens
that are expressed by the fusion cell, but | think
it's still problematic in ternms of how nuch is
actually presented on the cell surface as you have
wi th peptide | oading.

DR MILE: One additional assay that

we'll hear nore about tonorrow is the MAC peptide
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tetraner. Peter Lee is here and it's obviously not
a functional assay per se, but allows us to very
easily nonitor
T-cell reactivity in bulk assays by neasuring
directly peptide binding T-cells as a way of giving
sone indication of whether or not there's skew ng or
biasing or the T-cell repertoire of pre versus post
I mmuni zat i on.

DR. MARTI: Raj?

DR. PURI : | was just wondering about a
guestion fromDr. Lotze. |If that antigen is cleaved
off fromthe MHC group in very short period of tine
so the functional assay which you are neasuring it
may not be due to the antigen or nmaybe soluble
antigens are not presented in the MHC group or the
short tinme exposure to the responder cell is enough
to generate the functional response.

DR. LOTZE: If understand your
question, Raj, it is if you believe that the peptide
is being lost with rapid kinetics from the pul sed
DC, how are you eliciting an inmmune response? I
actually think it is the peptide and the MHC. It's
just that in ternms of coments about how mnuch
peptide you need, it's possible that you' re not only

filling enpties as well as displacing |oosely bound
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peptides in MHC, which | think is perhaps a little
bit less likely that you mght be also |oading
cytosolic stores. | think Drew Pardoll's conment
was in a ridiculous way wth very high antigen
concentration which is what you're doing wth
synthetic peptide, you can actually drive it into
the cell and you m ght be able to get sone | oading
into Cass 1, but | think it's a very inefficient
pathway and we don't have any direct evidence to
support that that's the major way the peptide is
getting into Cl ass 1.

DR. PURI: |Is there any possibility that
the peptide is recycled, is taken up again by the
cell, by the passive transport and then presented
again in the MHC group?

DR.  LOTZE: | think Ralph presented
evidence as well as Drew that DCs can generate
antigen which is taken up by secondary set of DCs
whet her you invoke exosonmes or perhaps sone other
mechani snms that there's cross primng which occurs
at a continuous level in vivo. And so it's possible
that the DCs that you' re generating are al so sonehow
leading to the direct feeding and activation of
anot her set of DCs that are resident in the host and

to whom you' ve transferred these cells.
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MS.  GOLDEN- FLEET: | have a quick
guestion, please? |1'm Meg ol den-Fleet from Wake
Forest Cancer Center. Referring to a point that you
made about once you have pul sed your dendritic cells
and they start to decrease in their ability to
stinmulate T-cells, would that affect, if you wanted
to generate your dendritic cells, pulse them then
cryopreserve them and use those to infuse your
patients, do you think that would decrease the
function if that's what you wanted to do? O they
have a very small anmount of tine that they would
real ly work?

DR. LOTZE: These are al nost inpossible
guestions because, again, if you're going to use
clinical endpoints as the inportant ones, it's
i npossi ble to know that. And we've struggled with
this in our own |aboratories and had prolonged
conversations about whether to do just that, pulse
and then freeze and then thaw and so on and ny
current feeling is you pul se, wash and get into the
patient as quickly as possible to try and optim ze
the tine period in which they can encounter your
specific
T-cell because recognize that the DCs have got a

little bit of work to do, once you do the adoptive
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transfer. It's got to mgrate into the secondary
| ymphoid organs and encounter the appropriate T-
cells, and | think the least tinme possible from
peptide pulsing to getting into the patient 1is
probably the best, but that's intuitive, there's no

data that supports that.

DR, PURI: If | my, this question
remnded nme that | needed to ask that question for
Dr. Urdal. Dr. Urdal has suggested that CD 54

expression on DC cells could be taken as a potency
test, as opposed to identity test, because you | ook
at sonme sort of proliferative response to CD-54
antigen. He indicated that MR takes seven days and
it's not feasible to use that test before you
admnister cells to the patient. VWhat happens --
are you planning to give dendritic cells in a repeat
admnistration a different cycle to this patient,
and if yes, then shouldn't that MR be done in those
cases to |l ook at the functional response?

DR, URDAL: The current prototols that
we're following usually involved nonthly infusions
or twce nonthly infusions of anti gen- pul sed
dendritic cells, and it's a process that they
basically, after the antigen-pul sed dendritic cells

are created in vitro, they're delivered and infused
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into the patient wwthin six to eight hours. So any
assay that would be used as a release assay that
can't be done within that period of tinme is not one
that would be very neaningful for that particular
protocol that we're using. Now in all studies or
nost of the studies we're doing now we are, in fact,
doing MLRs so we're collecting that data after the
cells have actually been reinfused into the patient,
but what we need are assays that reflect the
properties of the cells that we think are inportant
to their function in vivo, but that those are assays
that could be acconplished within this period of
time that you' d like to get them back in in their
nost viable and healthy state into the patient.

DR PURI: And if | may, another
guestion for Dr. Ur dal again was that how
quantitative assessnent of CD-54 expression you can
do by flow cytonetric analysis or do you have a
guantitative way  of determining the antigen
expr essi on?

DR, URDAL: Well, what we see in our
system at tine zero the 54 population that we gate
on is not present. It only appears after the 40-
hour culture period that we use and so in a sense by

setting those gates and seeing the level of
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expression that we can neasure, we're reasonably
confident that we have a relatively robust way of
being able to identify that population of cells in
the patient sanples that we've been processing up
until now.

DR MARTI : We'll have to take these
| ast two questions very quickly. W'l start with
you, Sir.

DR. AVI GAN: Just a quick comment, David
Avigan from Beth Israel and Dana-Farber. At the
last DC neeting it was nentioned that it is really
uncertain what the best nmaturational state for
dendritic cells for clinical analysis is. And |
think before we get into sort of formatting both
functional or i mmunophenotypi ng because i mmature DCs
really look very differently than mature DCs. I
think that question has to really be answered, so
even CD-14 which is sonething that we've been
excluding is sonething that's seen in sone inmmature
popul ati ons.

DR. MARTI: Thank you. And you, sir?

PARTI Cl PANT: A question for Dr. Urdal
How do you avoid cross primng of your DCs by
contam nating tunor cells which m ght originate due

to the aphoretic process to collect the DCs?
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DR URDAL: At the nonent, we don't
avoid it. If it's occurring, we don't -- if there
are contamnating tunor cells we're not really
checking for them at this point so it's not
sonething that we're actively looking at at this
poi nt .

DR. MARTI: According to the tinmer here
| have 10 seconds to sum up the panel's discussion.
There's lots of suggestions and ideas for -- I'm
nmore optimstic of developing consensus on a
phenotype than I amon functional studies. Also, it
seens to nme that the group would like the NCI to
make sone of these reagents available for study and

they would like to see some support for the ELISA

spot and there's a call, a general call to collect
dat a. Let's end this session now and the third
session wll begin tonmorrow norning at 8 o' clock,
0800 hours.

(Whereupon, at 5:02 p.m, the workshop
was recessed to reconvene tonorrow, Friday, Decenber

11, 1998 at 8:00 a.m)
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