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PROCFFDINGS

(8:10 a.m)

CHAI RMVAN  SAL OVON: Good norning, everybody. %%
name is Dan Sal onmon, and | am privileged to chair this session.
You'll probably get to hear me a little bit better in a second
when they get the speed back issue settled.

Today is the 33rd neeting of the BRMAC, and the
topic is on retroviral gene therapy for the treatnent of
patients with severe combi ned i mrunodefi ci ency di sease,
specifically for safety issues. So if you thought you were at
anot her BRMAC neeting, you're at the wong one.

This is an unusual neeting in the sense that it is
al ways an amazi ng amount of work for the FDA staff to put such a
meeting together, and it's always an amazing comm tment on the
part of the expert staff, the expert panel that come from all
over the country to join us.

But this particular neeting is noteworthy in that
it was put together in a period of tinme that | imagine if there
were records kept on these things at the FDA would be quite
amazing since this whole thing was done in less than three
weeks. Two weeks, yeah. | didn't want to exaggerate, but we've
really basically just heard about it about two weeks ago before
it hit the press, and it was comng fromthe top at the FDA from
Phil and Kathy Zoon and Jay Siegel that this was sonething that
the FDA wanted to step up and provide expert |eadership to and
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took on this anmazing task.

And so normally whereas | would make ny
i ntroductions and get on with it, | don't think I can just do
that today, and so first give you that background.

Second, 1'd like to especially recognize two ngj or
thi ngs here. First of all, the experts around the panel here
have nmade an amazing effort that we really appreciate to
rearrange their schedul es. These are very busy people; you're
all very busy, and to be here and just the anpunt of
cooperation. The cooperation from Dr. Fischer who is on the
line by teleconference link. Really |I speak now for everyone at

the FDA and for nyself as Chair to say thank you to all of you

for doing that. [It's remarkable.
Second, | would like to read a list of nanmes, and
I don't ever do this, but, again, | think this is necessary, and

that is of the people at the FDA who in a two-week period put
this whole neeting together, and there's just not enough ways to
thank them | think they just need to be recognized.

From the Office of Cellular Tissue and Cene
Ther api es, obviously Phil Noguchi and Carolyn W/l son really took
the lead in putting some of the initial issues together,
devel opi ng the background, helped by Philippe Bi shop, Joyce
Frey Vasconcells, Tina Multon, Cynthia Rask, who also took a
|l ead on this; Stephanie Sinmek, and Dani el Takefman.

From the Ofice of Therapeutics Research and
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Revi ew, Jay Siegel, Karen Wiss, Mchael Bazaral, Linda Forsyth,
and Patricia Keegan. From the Scientific Advisors and
consultant staff, Rosanna Harvey, who called me at 6:18 this
morning to make sure that | knew to get here, which was very
appreci at ed.

(Laughter.)

CHAI RMAN SALOVON:  Seriously.

WIlliam Freas, Diana Wdner, Jane Brown, Sheila
Langford, and Gail Dapolito.

From CBER s Freedom of Information Office, Beth
Ryan- Brockner and Joanne Bi nkl ey.

And fromthe FDA Dockets O fice, Jennie Butler.

Again | just have to thank them and recognize
publicly the incredible effort that it takes to do this so
qui ckly. | mean just getting everybody's conflict of interest
forms through and processed through the bureaucracies, you know,
anyone who had dealt with our governnment knows that that's
amazi ng. Actually anyone who has dealt with any governnent
that's anmazi ng.

Okay. Enough of that. Welconme here. 1'd like to
go around the table and have everybody introduce thenselves. W
have a | ot of new people here as experts on the panel, and we'l|
get the people along the back line as well, and in the process
I'"d like to especially recognize three new nenbers. As we get
around to themwe'l|l do that.
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So if we can start, this is definitely not a new
menber here.

MS. MEYERS: Abbey Meyers. I'"'m the President of
the National Organization for Rare Disorders, which is NORD, and
I'"'ma former nember of the conmittee.

DR.  KATHY KNOWES: Kathy Knowles, and I'm from
Seattle, Washington, and this is ny second or third tinme being
here as a consuner representative.

DR. CORNETTA: Ken Cornetta from |Indiana
University, and my research interest is in retroviral gene
transfer and also coordinate the National Gene Vector Lab for
the NI H

DR. LORI KNOWES: I'"'m Lori Knowes from the
Hastings Center and have a background in law and bioethics.
It's nice to see you again.

CHAI RMAN SAL OMON: And this is one of our first
new menbers, Dr. Anastasios Tsiatis.

DR. TSI ATI S: That's correct. Yeah, ny nane is
Anastasios Tsiatis, and quite to my noms horror, | go by
"Butch."

(Laughter.)

DR. TSI ATIS: Anyway, |'m from the Departnent of
Statistics at North Carolina State University.

DR.  HI GH: My name is Kathy High. I'"m at the
Children's Hospital of Philadelphia, and ny research interests
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are in gene transfer for henophilia.

DR. LAWON: I"'m Alison Lawmton, and | work for
Genzyne Corporation, and |'mthe industry rep. on the comittee.

CHAI RVAN SALOVON: The second new nenmber on the
conmittee, this is Dr. Jon Allan.

DR. ALLAN: I don't feel like a new nenber, but I
am a new menbers. | was ad hoc in this conmittee before. |I'ma
vi r ol ogi st from the  Sout hwest Foundation for Bi omedi cal
Research, and | study retroviral pathogenesis nmainly in nonhuman
pri mat e nodel s.

CHAI RVAN SAL OMON: As | said before, |I'm Dr. Dan
Sal onon. I'ma scientist at the Scripps Research Institute, and
I"'minterested in cell transplantati on and gene therapy.

Now, before we go this way, can we maybe start at
the end of the back -- | don't want to call you the back row
because that has a pejorative sense, but | think you'll have to
get up and alnmost go to the mic, | hate to say.

DR. PUCK: Hello. 1'mJennifer Puck at the Genone
Institute, and | do research on inmmunodeficiencies and
retroviral gene therapy.

DR. MALECH: I'"'m Harry Ml ech. I'm at the
National Institute of Allergy and Infectious Diseases, and |
study imune deficiencies, and Jennifer and | are working
together on a protocol for gene therapy for XSCID. That's why
we're here.
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DR. SORRENTI NC I'"'m Brian Sorrentino from St.
Jude Children's Research Hospital, and my research interest is
hemat opoi etic stemcell gene therapy.

DR. CUNNI NGHAM  |'m John Cunni ngham from St. Jude
Children's Research  Hospital, and ny interest is also
hemat opoi etic stem cell gene therapy.

DR. KOHN: I'm Donald Kohn from Children's
Hospi t al in Los  Angel es, and I'"'m also i nterested in
hemat opoi etic stemcell gene therapy.

DR. BAUM I"m Chris Baum from Hanover Medical
School, recently also joined Cincinnati Children's Hospital, and
| have the sanme research interests as the other people here in
t he back row.

DR. KALLE: M name is Christof Kalle. | have the
same research interest as the previous speakers. | recently
joined Cincinnati Children's Hospital, comng from Frei burg
University in Germany, and |'m also interested in retrovirus
i nsertion anal ysis.

CHAI RMAN SALOVON:  Thank you.

We've got you guys pegged. So that's easy to know
what you do.

MS. DAPCLI TG Gail Dapolito from the Center for
Bi ol ogics, FDA. |I'mthe Executive Secretary for the Committee.

And 1'd also like to introduce the comittee
managenent specialist who is Rosanna Harvey.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

13

Thank you.

DR. RAG Mahendra Rao from the National Institute

on Agi ng. My interests are in stem cells and retroviral
t her apy.

DR. KURTZBERG. Joanne Kurtzberg. |'ma pediatric
hemat ol ogi st/ oncol ogist at Duke, and | run the Pediatric

Pul monary Transpl ant Program and have an interest in cord blood
transpl antati on.

DR. TORBETT: I'"'m Bruce Torbett from the Scripps
Research Institute, and |I'm a basic research scientist. | have
interest in HV gene delivery and transcription.

DR. BLAZAR: Bruce Bl azar, University  of
M nnesot a, and |I'm a pediatric pulnmonary transplantation
clinician and i mmunobi ol ogi st .

DR. MJLLI GAN: I'm Richard Mulligan from Harvard
and Children's Hospital, and I'm a gene transfer guy.

DR. PATTERSON: |'m Any Patterson, Director of the
Ofice of Hgh Technology Activities in the Ofice of the
Director at N H It's the office that, anobng other things,
provides analytic and staff support for the NIH Reconbi nant DNA
Advi sory Committee.

DR. RASK: Cynthia Rask from Cinical Evaluation
in the new O fice of Cellular Tissue and Gene Therapy in CBER

DR. W LSON: Carolyn WIlson from Division of
Cellular and Gene Therapies in the Ofice of Cellular Tissues
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and CGene Therapi es.
DR.  NOGUCHI : Phil  Noguchi . I"'m the Acting
Director of the Ofice with a long nane that covers tissue

cells, gene therapies, and other related itens.

CHAI RVAN  SAL OMON: If | can also have our guest
experts.

DR. WLL: I'mLinda WII fromthe National Cancer
Institute. My interest is in insertional nutagenesis of

retroviruses in animl nodels and their role in cancer.

DR. BUCKLEY: I'"'m Rebecca Buckley from Duke
University and ny interest is in severe conbined inmune
deficiency and the nost effective way to treat it.

DR. MACKALL: I'm Crystal Mackall from the
Pediatric Branch of the National Cancer Institute, and nmny
interest is in T cell homeostasis and inmune reconstitution.

CHAI RVAN SALOVON:  Ckay. So the one little piece
of business here -- everybody did really well. VWhen your red
light is on, you're talking. \When you're don, turn it off just
by clicking it up. O herwise you get the feedback |oop on
t hi ngs.

Thanks for trying.

Okay, and the only thing I regret, and |I'm sincere
about this, is that there are equal sets of experts in our
audi ence, and obviously we don't have tinme to introduce
everybody sitting out there, but | think you will believe ne,
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pl ease, when | say that as we go into the discussion phase this
afternoon, | don't think that everything has to occur up here at
this table, and I wll do nmy best to recognize and facilitate
peopl e com ng fromthe audi ence to comuni cate as well.

So | think I've covered everything that | have to
do this norning. There are sonme other little issues that we'll
get into in a few mnutes, but with that, 1'd like to introduce
Gail Dapolito to read in the conflict of interest statenent.

MS. DAPOLI TO. Thank you, Dr. Sal onon.

This announcenent is made a part of the public
record for the Biological Response Advisory Conmittee neeting on
Cct ober 10, 2002.

Pursuant to the authority granted under the
committee charter the Director of FDA's Center for Biologics
Eval uati on and Research has appointed Ms. Katherine Know es, M.
Abbey Meyers and Drs. John Coffin, Kenneth Cornetta, Lori
Know es and Bruce Torbett as tenporary voting nenbers.

Based on the agenda, it was determined that there
are no products being approved at this neeting.

The committee participants were screened for their
financial interest. To determine if any conflicts of interest
existed, the agency reviewed the subnmitted agenda and all
financial interests reported by the neeting participants.

As a result of this review, the follow ng
di scl osures are being made. |In accordance with 18 USC 208, Drs.
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Bruce Bl azar, John Coffin, Kenneth Cornetta, Daniel Sal onpbn, and
Anastasi os Tsiatis were each granted a waiver that permts them
to participate in the commttee discussions.

Dr. Richard Mulligan was granted a linited waiver
for Session 1 that permits himto participate in the discussions
wi t hout a vote.

We also note for the record that Ms. Alison Lawon
serves as a nonvoting industry representative nmenber acting on
behal f of regulated industry. She is enployed by Genzyne and
thus has interest in her enployer and other simlar firms.

Wth regards to FDA's invited guest speakers and
guests, the agency has determined that the services of these
speakers and guests are essential. The following interests are
being made public to allow nmeeting participants to objectively
eval uate any presentation and/or coments nade by the speakers
and guests.

Ms. Barbara Ballard will join us after a while.
She's running a little late and serves today as the patient
representative for this neeting. She's a nenber of the board of
trustees of the Immune Deficiency Foundation and President of
the SCIDs Alliance.

Dr. Christopher Baum is enployed at the Hanover
Medi cal School in Hanover, Germany.

Dr. Rebecca Buckley is enployed at Duke University
Medi cal School . She is involved in studies of retroviral gene
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therapies to treat patients with SCID.

Dr. John Cunningham is enployed at St. Jude
Children's Research Hospital. He's involved in studies of
retroviral gene therapies to treat patients with SCID.

Dr. Alain Fischer is enployed at the Hospital
Necker in Paris, France, and Dr. Fischer is joining us today by
audi o conference.

If you can hear me, good norning.

And he is involved in retroviral vector gene
therapy studies to treat patients with SCID.

Dr. Christof Kalle is enployed at the University
of Cincinnati.

Dr. Donald Kohn is enployed at the Children's
Hospital, Los Angeles. He is involved in studies in retroviral
gene therapy to treat patients with SClD.

Dr. Crystal Mckall is enployed at the National
Cancer Institute at the NIH. NCl is involved in retrovirus gene
t herapy research.

Dr. Harry Malech is enployed at the National
Institute of Allergy and Infectious Diseases, NH He is
involved in studies of retroviral gene therapy to treat patients
with SCID.

Dr. Stuart Okin -- Dr. Okin will also join us
alter -- is employed at the Dana Farber Cancer Institute.

Dr. Any Patterson is enployed by the Reconbinant
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DNA Program Office of Biotechnology Activities, NNH  NH funds
gene therapy research.

Dr. Jennifer Puck is enployed at the National
Human Cenone Research Institute, N H She is involved in
studies of retroviral gene therapies to treat patients wth
SCI D.

Dr. Stephen Rose is enployed with the Reconbi nant
DNA Program O fice of Biotechnology Activities, NH and again,
NI H funds gene therapy research.

Dr. Brian Sorrentino is enployed at St. Jude
Children's Research Hospital. He is involved in retroviral gene
therapy studies to treat patients with SCID.

Dr. Linda WIff is enployed at the National Cancer
Institute, N H NCI is involved in retrovirus gene therapy
research.

In the event that the discussions involve other
products or firms not already on the agenda for which FDA's
participants have a financial interest, the participants are
aware of the need to exclude thenselves from such invol venent,
and their exclusion will be noted for the public record.

Wth respect to all other neeting participants, we
ask in the interest of fairness that you state your nane,
affiliation, and address any current or previous financial
i nvol venent with any firm whose product you wi sh to comrent
upon.
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I'' m al nost done.

A copy of the waivers addressed in this
announcerent is available by witten request under the Freedom
of Information Act.

And just as a little housekeeping request, we ask
as a courtesy to the conmttee and to your neighbors in the
audience if you'd put your cell phones and pagers on silent
node.

Thanks.

W may have broken the record for the |ongest
conflict of interest reading.

Ckay. Then | think it's time to get to the neat
of this, and it's my pleasure to introduce Dr. Phil Noguchi, the
Acting Director of the center with the |ong namne.

DR.  NOGUCHI : Thank you, Dan, and thank you, all
of our guests at the Advisory Committee neeting.

Could | have the first slide?

I"Il just sit here and make sure that everyone has
appropriate tine to discuss in nore detail the very inportant
i ssues we're discussing, but I'd like to frame it in this way.
Wy are we here?

W're here to acknow edge that there are
extraordinarily difficult diseases that still renmmin to be
treat ed. The purest reconmbinant insulin really doesn't matter
if you're a brittle diabetic, and obviously for the thousands of
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genetic di seases, therapies are really not necessarily a current
reality but are on the horizon.

W're here to affirm that, in fact, rigorous
clinical trials remain the societal inperative for us to nove
forward in these difficult areas. These are experinmental
products. We are asking human subjects to volunteer for this.
W are asking them to participate fully knowing that the
out comes cannot be really truly and finally predicted, and it is
only through the experinental process under a clinical trial
regimen with all of the appropriate ethical, scientific, and
regul atory controls that we can really understand and neke
rati onal decisions.

We're also here to learn that adverse events nust
be di scussed, but they need to be discussed in the proper tine,
and |1'Il explain.

We actually |earned about this adverse event back
on Labor Day. Dr. Fischer has been -- and here we nust give him
absolute thanks -- totally open with this. His only request has
been let me talk to ny patients and ny fanilies in person, and
they're all over the European continent, before we discuss it in
public. And renmarkably that has held.

Now, when we first |earned about it, we went
through at FDA identifying those trials that nost closely
resenmbled the trial in France, determ ned that there were three:
two for SCI D, one for ADA-SClD.
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Two of those trials for XSCID actually were ready
to begin, but did not because of this new event. The trial with
ADA- SCI D had treated four patients and, again, had been stopped.
You'll hear more about those trials from the investigators
t oday.

Literally at the time we |earned of the adverse

event, we just knew there was a lot of cells that were grow ng,

and over the course of the last nonth -- and Dr. Kalle will be
presenting a lot of this data which literally has only been
generated within the [ ast sever al weeks -- the initial

notification has now turned to a better understanding of what
may be going on here, and it is now the right tinme to discuss
it.

And | think we should confirm that we're here
because this is exactly where we should be. Several decades ago
or more the prediction was nmade that if a person |acked a gene
and you were able to replace it, maybe you would be able to
treat or maybe even cure the disease.

And because you're putting a gene into the genone,
you don't know exactly where it would go, and perhaps sonething
untoward m ght happen at the sane tine.

So we're here to really review the fulfillnment of
those predictions and to deal wth the issue, to really
understand what the issues are, and then to hopefully -- we
certainly hope -- advise the FDA on sonme very serious questions.
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And if | can have the next slide, please.

The questions which will be asked at the end of
the discussion and presentations today are: are there
addi ti onal data or measures that clinical investigators need to
provide before future and present clinical trials on SCD
patients should proceed in the United States?

Pl ease consider in your discussion each of the
following as they pertain to XIlinked form of several conbined
i munodeficiency disease and other fornms, such as adenosine
deami nase deficiency SCID

As you go through your deliberations and as we
seek advice, consideration of the risk-benefits of gene therapy
in this particular disease, di seases, versus alternative
t her api es.

What revisions to the informed consent docunent
and process should be inmposed? \What about alterations to the
cell dose, alterations to the vector dose?

Mappi ng of vector insertion sites. W have to
point out that Dr. Kalle has done a renarkabl e amount of work on
this. 1t is not an easy thing to determne an insertion site by
any neans, and to be able to do it here really in a way was only
possi bl e because of the science and biology of the event.

What about alterations in vector design, for
exanpl e, self-inactivating SIN vectors?

Wth that | will just stop, and | thank everybody,
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again, for coming here. W look forward to a very intense, but
a very enlightening and a very productive di scussion.
CHAI RMAN SALOVON:  Thank you, Phil.

So what we're going to do nowis |I'mgoing to need

some help from the panel. The | evel of expertise here and the
basi ¢ understanding of what's happened is such that | think we
all realize we could all just forego everything, junp into quite

an active debate and discussion of these questions, and | don't
t hi nk anyone here thinks that we should do that.

So what | need help today is that you kind of make
my job a little easier in terns of trying to do a two phase
process. The first will be really a presentation of the case
and what kind of information we have on it, which is going to
i medi ately follow nmy conments.

And then scientific background on sonme of the
i ssues that are directly pertinent, and as we roll through into
the afternoon, very specific comments about sonme of the ongoing
trials in gene therapy and SCID disease that are going to be
potentially directly affected by our discussions, and then we
will get to a discussion.

So what |'m saying is that we should try and hold
back what coul d happen, you know, five minutes fromnow, and if
you can help nme, | would really appreciate that because | think
that's going to be the hardest thing I have to do.

At the same tine, certainly, vyou know, there
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should be some key questions asked on these presentations to
el ucidate specific scientific elenments that you think are going
to be critical to the discussion |ater.

I also am not agai nst soneone saying, "Well, that
is a really key theme and we've got to get back to it in the

di scussion,"” that sort of thing. So if you want to let a few

things bubble to the surface and highlight them 1'Il try and
take note of those and cone back to them but if you'll forgive
me in advance, I'mreally going to try and hold us to a course

so that nost of the discussion, if not all of the discussion,
occurs this afternoon in the question and answer period when
everything has been done, we're all on the same page, and we
start then, if that will be okay.

All right. So with that I would like to -- first
of all, let nme test our teleconference. Dr. Fischer, are you
on?

DR. FI SCHER: Yes, | amwith you.

CHAI RVAN SALOVON:  Thank you.

DR. FI SCHER: Can you hear ne?

CHAI RMAN SAL OMON: Yes, we can. Thank you very
much for joining us.

I'd also like to echo Dr. Noguchi's statenents
that, in sinple terns, you're an exanple of an investigator in
this field in the nost positive way, and |'m proud to have you a
part of this. Thank you.
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DR. FI SCHER: Thanks for your comrents.

And good nmorning to everyone. |'msorry | haven't
been able to join physically for the neeting, but we will try to
do our best.

CHAI RMAN SAL OMON: My only request had been to do
a high speed video conference |ine, but apparently that was
asking too nmuch to be arranged in two weeks.

DR. FI SCHER: Okay.

CHAI RMVAN  SAL OVON: So we can't see you, but we
very much appreciate your being here.

DR. FI SCHER: Okay.

CHAI RVAN SALOVON:  So with that I'd like to bring
Dr. -- is it Kalle or Kalle? -- Kalle, Dr. Kalle, and Dr. Kalle
is helping us out here. He's obviously an expert in this area,
but he is also going to be presenting Dr. Fischer's data. So |
think he wants me to be very clear that he's not trying to
pl agi arize Dr. Fischer, and Dr. Fischer is obviously here by
tel econference to answer questions.

Okay. W have a disconnect between the slides
bei ng projected and the slides on his conputer.

MS. DAPCLI TO If there's a Dr. Candotti in the
audi ence, would you please report to the registration desk?

Thank you.

CHAI RVAN  SAL OMVON: There will be a two mnute
techni cal break here, but don't nove.
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DR. KALLE: That seenms to be the right set of
sl i des.

So | wanted to thank the organizers for the
invitation and wi sh you all good norning.

Again, | want to stress that Dr. Fischer has
requested that | would present part of his data, and | would
kindly request your patience in referring to himfor any further
guestions into the depth of the treatnent of the patient.

I have been one of the nembers of the scientific
group trying to work on the analysis on some of the sanples of
these patients, but again, |'m not the treating physician on
this protocol

SCIDX 1 ganmm c¢ deficiency is a disease that
i nvol ves a genetic deficiency of the commbpn gamma chain of the
famly of Interleukin-2, Interleukin-4, 7, 9, 15 and 21
receptors that blocks T cell differentiation in these patients
leading to a severe and profound T and resulting B cel
i mmunodefi ci ency.

And the only available treatnment other than a
genetic correction in experinmental terms are haploidentical or
HLA-i dentical stemcell transplantations.

Al though this therapy has seen some success, and a
very good success -- and | hope you can read this -- there is
still some problems in this area that need to be sol ved.

By now nore than 80 percent of the patients
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treated by transplantation -- and we wll hear nmore of this
later on -- have good success wth this transplantation.
However, the long term outcone of these transplantations also
have sone problem areas that need to be sol ved.

There is poor T cell function resulting in sone
cases. There's some indication that the long term T cell
function from these transplants tends to decline over tine. The
T cell counts tend to be low and the correction of the B cell
i munity, which usually remains of recipient origin, requires
i ntravenous i munoglobulin replacenment for the lifetinme of these
reci pients in nost cases.

So here is some data that has already been
published that Dr. Fischer wanted us to include. There is a
decline in recent Thym ¢ i mm grants after stem cell
transplantation in these patients in the long term

The concept of ex viva gene therapy of this
condition by retroviral vectors does not need nuch explanation
to this panel, where replication inconpetent retrovirus vectors
that carry the normal gamma chain, C, B, N, A are exposed to
stem cells and precursor cells of the bone marrow and basically
| ead, as has been shown in the nouse nodel, to functional
expression of the gamm chain, then leading to interleukin
responsi veness and devel opnent of T cell function.

The vector used in this trial is the MG vector
from Psi-Crip Packaging cell line, including the normal ganma c
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CDNA in an anthiltropic (phonetic) envel ope packagi ng.

And the preclinical studies that Dr. Fischer's
group and other groups have conducted to prepare this kind of
therapy first Ln_vitro was conducted on gammma c¢ deficient B
| ymphocytes to denpnstrate the feasibility of a genetic
correction and to neasure the protein expression and function
whi ch was obt ai ned.

In ganma c deficient CD34 cells [fn _wvitro again,
expression in progenitor cells was detected, and there was
evidence for a long term correction of the receptor defect in
special types of cultures in K and T cell differentiation from
t hese corrected progenitor cells has been observed.

Lo _vivg studies in gamma c¢ knockout mce showed
that there was in t he nouse nmpdel up to an observation period
of nore than a year no toxicity of that type of treatnment and
the disease in the nobuse nodel as far as several groups have
reported stood corrected with introducing a strong selective
advantage for the corrected cell popul ation.

So the SCIDX-1 gene therapy trial was initiated.
Eligible patients were, of course, only those with gc nutation
and that did not have an HLA identical donor available at the
time of treatment.

The protocol consisted on marrow harvesting, CD34
sel ection by immunomagnetic m crobeads, a one-day preactivation
step in the presence of stem cell factor of 52 |I|igands
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(phonetic), MiDF, and Interleukin-3; three daily rounds of
infection with the retrovirus vector supernatant in bags coated
with fibronectin fragnents to i mprove the construction
efficiency.

The cells were then injected |V w thout additional
therapy and no conditioning therapy was adninistered to these
pati ents.

I"'mafraid this is not very well [|egible.

There are so far 11 patients reported from the
French group in different age ranges. The patient that we are
going to talk about is patient nunber four on this trial. He
has been treated at one nonth of age.

Most of the patients had preexisting serious
i nfections and few of them only two, had presence of maternal T
cells or signs of their own endogenous partial gama c¢ chain
producti on.

The trial was a success in nine out of these 11
patients, where you can see that the T |ynphocyte recovery --
this is the tine axis at nonth after gene therapy. After about
three nonths after this treatnment was observed normal nunbers.

The patient that we are already going to discuss
is outlined as patient number four again.

On analysis of the different subpopul ations, you
can see that basically the genetic correction which enables
these cells to grow is, of course, because of the selective
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advantage, 100 percent in the T <cells and then K cells
detectable in the peripheral blood of these patients.

You can see also clearly that although B cell
immunity is reconstituted, that this is not happening as nuch
through the genetic correction of the receptor. W're only
around one to ten percent of the B cells carry indication of
retrovirus integration, and the same is true for the nyeloid
cell conpartnment, which is not under the sane type of selection
and, therefore, shows a nmuch |ower prevalence of retrovirus
vector integration.

The characteristic of the transduced T cells in

this trial denponstrate that the patients develop normal counts

at subset distribution of T cell function. The repertoire
anal ysis  of the T cell receptor beta shows a nornmal
distribution. The cells have a normal phenotype with nornmal

relations between naive and nmenory T cells, and there is
evi dence of thymic function as shown by the presence of recent
thymc imrgrants, as well as, | think, studies of thynus size.

The function of these T cells is normal, and they
provide a normal functional imunity, basically enabling these
patients to go hone and start |eading normal |ives.

The summary anal ysis of the retrovirus as present
in these cells shows that there is approximtely one copy of
retrovirus per corrected cell

The followup of the patients on this trial as it
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stands from October 1st, 2002, is indicated here. The two
patients that have not received a full success of this therapy,
patient nunber three, who went to allogeneic bone marrow
transplantation after living nore than half a year, and this is
a patient who was older at the tinme of treatnent and has not
seen full success of generating functional T cells, probably due
to the absence of thym c function and at his age.

Al'l the other patients on the trial are alive and
well, with as a notable exception of patient nunber four, which

I"'mnow going to give you sonme nore details.

Patient number four has been alive and well on
this treatment for up to 30 nmonths after transplantation. He
observed, like the other patients, rapid T cell developrment, a

fully clonal repertoire of T cell function.

The T and B cell immune responses devel oped
normal ly. The patient has been capable of dealing with the
usual type infections, including a VZV infection at nonth 30

after transplantation.

I ntegration site anal ysi s conduct ed by ny
| aboratory has indicated that there are nore than 40 different
integrational sites present in the T cells of the peripheral
bl ood, again, at a frequency of one per cell zone, and the
pati ent was doing well.

The patient then went on to devel op an increased -
- indications of an increased T cell count around month 30.
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Most of these cells were ganma/delta T cells. About 7,000 cells
of this phenotype were depicted at nonth 30 around the area of
this epi sode of benign chicken pox.

But after the infection, these cells did not go
down again. So from nonth 31 to 35, 50,000 to 80,000 white
cells per mcroliter were depicted wi thout the patient being
synptomatic, where then he became what in clinical terns can be
described as | eukemic with 300,000 white cells per mcroliter in
spl enonmegal y, at which point it was decided to treat himlike a
T-ALL patient at his home nedical center where he has responded
to chenotherapy, and currently the counts of the pathologic
cells have dropped at or below the limt of detection

The analysis that has been conducted so far by a
panel of experts concludes that this has been a nonoclonal
gamma/delta T cell clone, both by immnoscope and T cel
receptor sequence anal ysis.

The norphology of the cells is blast-like, with a
mature T cell phenotype that is indicated here being positive
for CD3, CD5, CD7, CD28, CD35R0 and expressing gc.

The negative for |ike one and two expression
CD34, CD10, CDT, CDl1, CD4, CD8, and nyeloid narkers, as well as
for CD16 and CD56.

Evi dence for -- prelinnary evidence for Lo wvitro
proliferation in the presence of Interleukin-7 and Interleukin-
15 has been observed in culture. This depicts a picture of the
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nmor phol ogy of thee cells, and here is evidence of the
cytogenetic analysis of these cells, where you can see an
abnormality on the Chronpsone 13 at the stage of the |eukenic
clone that could be identified as a partial price of the |ong
arm (phonetic) at Chronmpsone 6 and in addition to one of the
Chr onosones 13.

So the analysis that further has been conducted
denonstrate that one provirus integration site could be detected
by a procedure that | will later explain to you. The patient of
that insertion locus is in Chronpsome 11 at pl,3 within the
first entrant of the LMX2 oncogene | ocus.

The cells show evidence aberrant expression
conpared to nornal T cells of LMX2, where there is a
transcription at |east of the coding sequence of LMX2, and we
have data on the followup of the integration site that is
detectable starting in nmonth 13 Dbecause not only does the
integration site allow us to try to find out whether this
interferes with any sort of genetic function of the cell, but it
is also a nolecular marker for the nmalignant clone that we can
follow up at quantitative PCR, and | will give you sonme of that
data later that we have just collected | ast week.

There has been an increase in the activity of this
clone before any clinical synmptons were marked at nonths 17 and
24, and again, | will give you sone nore detail on that |ater.

And the analysis of the infusion, pre-infusion
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product on 200 nanogram of that DNA has not shown presence for
that integration site in the treated CD34 cells of that patient,
which is not so surprising for us, but I can coment on that if
you are interested.

Further, analysis has revealed that prelininary
data of abnormal transcript has arisen from the viral LTR,
al though as we know and as we have seen, the receptor that is
encoded by this vector is being nmade.

There's no indication so far for activity of
replication of the retrovirus, and |'ve already told you about
the translocation found at nonths 34 that has not been detected
preexi sting.

So | wanted to introduce to you briefly the
concept on how we detect these integration sites, where a
proviral site is integrated into the genom c DNA It basically
integrated so that it pushes apart the normal genomc |ocus with
the introduction of a four base curve repeat just proximal to
the proviral DNA.

The problem is that if we want to do this in a
very high sensitivity you can't use the PCR technol ogy because
for the amplification of such integration |locus you only know
one of the flanks, whereas the other flank is at random or
conpl ete randomin the whole cellular genone.

The method that we have devel oped has allowed us
to detect such sequences now down to the single cell |evel where
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we can do anplifications that both allow us -- and | will show
some evidence later for that also -- to detect a parallel marker
for different copies of integration sites, as well as single

integration sites with very high sensitivity down to the single
cell level

It involves a preanplification and enrichment of
the original locus, an inmobilization on a nmagnetic bead system
doubl e strand DNA synthesis; a restriction digest that basically
gives each integration site a defined length; the ligation f a
vast nol ecul ar excess of a polynucl eoti de precept that then adds
a known stretch of DNA to the what we would call open flank of
the integration site, and which allows wus to amplify the
sequence of these integration sites by conventional PCR
met hodol ogy.

We have been involved in analyzing the patients
fromthis trial for quite some tine because we were interested
as this is the first successful gene therapy correction what the
nunmber of transduced progenitor and stem cells may be in these
pati ents.

And as you can see here, these are anal ysis panels
of patients one, two, and four of the Paris trial. You can see
that there is an abundance of PCR bands, and | can assure you
that by sequencing analysis all of the bands that we have
reanplified do actually represent integration sites in this type
of analysis, shows an abundance of integration sites, nore than

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

36

40 that we can count on this type of resolution.

VWereas you can see in sanples of nyeloid cells,
there is sone frequency of integration sites, and we tried to
find out whether that was contam nation or through integration
sites.

So the group in Paris has been growing out the CIC
colonies from bone nmarrow sanples, and they were able to
identify clones that were grown, CFU colonies that were grown in
the absence of |ynphoid growth factors which show evidence for
single integration sites.

So we do know that myeloid cells were collected in
these patients, and we also do know that the integration sites
t hat we find in these nyeloid cells 13 nonths after
transplantati on show up earlier in the CD3 fractions of these
patients, indicating that at least in part collection has been
achieved in progenitor cells that supply both the nyeloid and
the | ynphoid cell system

We see a simlar type of analysis also on patient
four. This is approximately 13 nmonths after transplant where,
again, you can see a fully clonal signal in the CD3 fraction.

You will hear a little later in one of the other
tal ks about an anal ysis, what would this look like if it was not
fully clonal. Here's an analysis of fully clonal (phonetic) and
monocl onal patients that you will hear about in nore detail, and
the control on the site where we have a nm xed nonocl onal sanple
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with a fully clonal sanple where you can see that we can detect
both the m xed monoclonal band within the fully clonal sanple,
as well as are able to by PCR amplification from these products
define the nonoclonal integration site fromthe mxture for the
single reanplification experinment.

You can see here this is rough, and unfortunately
not yet ordered according to the tine line, sonething that we
t hought was a sanpling error on patient four, where you can see
that at 24 nonths and 32 nonths after transplantation for the
sanmples of patient one there still is a fully clonal sanple,
whereas the 17 nonth sanple of patient four is still the fully
clonal sanple, but there is a preponderance of certain bands and
the absence of detectable other bands in the 24 nonth sanple of
pati ent four.

These are very small children. The anmobunts of DNA
that we usually obtain for this type of certainly scientific
study are very small, and they are being sent around in Europe.

So we were, of course, wondering whether this was an artifact
of the method or of the DNA preparation rather than the true
finding at the tine.

Of course, the patient then devel oped the problens
that have been previously described, and you can see here the
LAM PCR analysis on his peripheral blood where the sequence of
his clones 7175, by our |ab term nol ogy, have been identified.

And i ndependent of the DNA concentration, we have
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only been able to find this one clone only at the |eukenmc
state, and you can see here data that Mn fred Schnidt and
Manuela Wssler in ny lab have done just |ast week, where you
see a quantitative conpetitive PCR for this dom nant clone.

Quantitative conpetitive PCR is a nmethodol ogy that
we use to get an indication of the quantity of these integration
sites. W generate a PCR product that is a little smaller and a
little different in sequence than what we're actually | ooking
for in the integration site, but it does amplify with the same
type of PCR prinmers.

And we spike that PCR probe at the defined copy
nunber into defined DNA anpbunts of sanple to get a sem-
gquantitative estimation of the presence of this clone.

And this data is remarkable for a nunber of
things. First, you can see there is what you have to understand
is that if the amount of DNA increases on a specific site, it
concl udes away the anplification of the internal control.

So what you can see here is along the tine axis
where there is no detection as conpared to 50 copies of the
internal standard in ten nanogram of wild type DNA, which would
be indicative of about 1,500 cells here.

So you have to imagine these are about 1,500 T
cells. You can see that there is about an equal ampunt at nobnth
13, which nmeans that out of the 1,500 |ynphocytes here,
approximately 50 are of this clone at nonth 13 al ready.
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And there is an increase in the activity, a steady
increase of this activity of this clone over tinme where at nonth
17 there's already probably between 100 and 200, maybe by the
other dilutation step up to 500 copies within 1,500, and you
have to keep in mind that the first tine this clone showed up on
FACS analysis with this type of percentage was at nonth 24.

W can basically see 11 nonths ahead of any
indication in the FACS analysis that this clone has had already
activity, and then of course, in the |eukemc stage or in the
state where there was the preponderance of the clone, it
basically conpetes away the internal standard, and this is just
a verification with the sane type of technology with spiking 500
copies into that sanple.

So Dr. Fischer has generated an estimation of the
clonal growth of this cell clone, and you can see there's bel ow
ten to 100 copies early on where the clone starts picking up
activity in alnost l|inear fashion from nonth 13 through the
vari ous stages of sanpling, through nonths 17 and 24, 30, 34,
and 36.

You can see here indicated on the time axis the
time when the chicken pox event that was sort of a clinical
i ndication of the first stage where there was an abnormality in
the T cell distribution, and then the clinical manifestations of
the currently ongoing disease that is being treated.

The location of the integration site indicated
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before was in the first entrant of the LMO2 gene. W will hear
more about the function of the LMOX2 gene later on. It is a
transcription factor that is necessary for enbryogenic blood
formati on. The knockout nopuse of the LMO2 gene does not show
any signs of blood formation and dies at an early enbryonic
st age.

The LMX2 gene has al so been involved in chil dhood
T-ALL, where it is over expressed in nore than half of the
di agnosed cases. You can see here the six different axons of
the LMX2 gene and the location of the viral insertion site in
the first entrant that spans about 10 kb, and it is about 2 kb
into the first entrant.

Another interesting thing is that this retrovirus
has inserted in reverse orientation with the sequence of the
retrovirus pronoter and transcription directed upstream of the
genom c strain.

You can see here data that we have received from
Bruce Areneau (phonetic) at Cincinnati Children's Hospital.
This is a conparative genomc analysis of the LMX2 insertion
| ocus, and you can see that the insertion has occurred in an
area that is not conserved between man, the human, and the
murine (phonetic) genone.

You can also see that the area has a high density
of regulatory or potential regulatory elenents of the DNA
strain, for this curve here is indicating basically the nunber
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of regulatory sites in the area.

Here data that the Paris group has also done on
the LMX2 RT-PCR, where you can see in a negative control of
normal peripheral Dblood cells there's no evidence for LMXR2
messenger RNA, but there is in the clone of patient four, as
well as in the positive control of CD34 cells.

The interpretation of all these data to us is that
there is insertion nutagenesis in this patient cell clone in as
far as there is conpared to nornmal T <cells in aberrant
expressi on of LMX2.

There are additional factors that could be
contributing to this. There may be you might want to call this
aberrant gc signaling. However, there's no over expression of
the gamma c chai n.

There is a normal ¢ for such a vector. The data
on whether there's Step 3 and Step 5 activations currently
pendi ng.

Anot her open question is whether VZV has a role in
precipitating the course of this event. The T cell clone is VzZV
positive by PCR, and there's further analysis conducted on this.

It is also a question of whether this T cell clone
is involved in an inmune response to that virus and whether
there is genetic susceptibility in these patients and, of
course, other contributing factors, including the chronosonal
aberration on Chronposone 13.
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There's a pedigree for nedulloblastoma in the
famly of this patient with one sibling, as well as one distant
relative on having this disease, and there's currently research
going on also in terns of the transportations for these cancers.

Ongoi ng investigations, of course, include the
mechani sm of the LMX2 deregulation, the analysis of the LMXR2
transcripts, whether the non-spliced RNA in fact contains
evidence for vector sequence or whether the deregulation is
happening rom the proximal promter of LMX® or from the other
allele.

Of course, we want to conplete the retrospective
clone tracing of the integration site, as well as an overall
profile of gene expression which is currently conducted.

And about the other features |'ve already talked.

The VZV replication and conscription in this clone
is currently studied in the Cohen Lab here at the NIH, and al so
there is a question of the anti-VzV specificity of this clone.

There is a general screening for a genetic
predi sposition to cancer going on in the genone of this patient,
as well as a conprehensive analysis of other integration sites
that we are trying to find in this patient.

The other patients on these trials we are
screening by integration site analysis for the presence of
clones that show activity in terms of growing in their
proportion, and we are planning to conduct a nobre conprehensive
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analysis of all the integration sites we have sequenced from
this trial so far and tried to find out what is the frequency
that can be established at the current point in time of the
human genonme sequencing project as to at risk integration sites
near cel lul ar oncogene  or ot her structures that coul d
potentially be involved.

And this is sonething that may be reserved for the
di scussion where we would try to define a nonitoring algorithm
for the integration sites. W have clearly seen from other
trials, and we wll see that also that the presence of an
oligoclonal or nonoclonal situation as such nmay not be an

indication or is clearly not an indication that problenms need to

devel op.

And so we would have to look at clone integration
site patterns over tinme repeatedly. Probably there could be a
cl oser time interval i f there was evidence of cl onal
deregul ation, and as well, if there was evidence that one of the

integration sites or one of the clones would becone confunderant
(phonetic) over other clones that showed a FACS analysis of T
and pan | eucocyte markers shoul d have been conduct ed.

Keeping in mnd that in this patient the first
signs of activity that we could see by LAM analysis was around
month 24 and could see the clinical disease by about ten nonths.

There should probably be item monitoring if the
clone continues to grow, but probably this should only have
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consequences in the clinical sense if you can clearly establish
it and if a clone grows to nore than 50 percent of the nmarked
popul ation within six nmonths of observation.

So | would Ilike to <close by thanking the
col | aborators and, of course, Alain's group for being so kind to
provi de these samples throughout the study, as well as the
magni fi cent work they have been conducting in trying to clarify
the role of these events, and ny collaborators at Freiburg
University, Manfred Schnmidt, who has conducted npbst of the
integration site analysis, together with Mnuela Wssler, and

also Hanno dimm who is the post doc on our gene therapy

anal ysi s.

Thank you very nuch.

(Appl ause.)

CHAI RMAN SALOMON:  Okay. Before we get started on
the question and answer period, | wuld like to invite Dr.

Fi scher now. Dr. Fischer, do you have any additional coments
you'd |like to nmake before we even make any questions to you?

DR. FI SCHER: Not really. I think Christof has
really described everything that we have done and we are trying
to do in collaboration with him and other groups throughout the
world. So | don't think | have additional information to give.

Of course, I'mready to answer questions.

CHAI RMVAN SAL OVON: Excel | ent. Ckay. So we have
25, 30 ninutes here, and mny thinking about the focus now shoul d
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be any questions from the group on what's been presented and on
some of the scientific issues here are all fair game, and the
only place that, as | said earlier, 1'll truncate things is when
we get into discussions of, well, should we do this or should we
do that. That will wait for this afternoon.

But certainly | suppose there are plenty of
scientific issues here that | think are fair ganme for discussion
in the next few mnutes.

So to take the Chair's prerogative, I'd like to
begin by asking: this is a gamma/delta T cell clone. Have you
gone back into any of these other patients just by sinple flow
cytonmetry, for exanple, and |ooked for any evidence for an
expansion of a CD4 negative, CD8 negative, CD3 positive subset?

DR. FI SCHER: Maybe 1 will try to answer that
guesti on. Two t hings. One, there was one patient wth nunber
six in the trial who presented with severe meningoencephalitis
caused by VzZV infection at the time of diagnosis of XSCID, and
this infection went on and on over weeks once the gene therapy
was perfornmed up to the tinme and that was approximtely three
mont hs after gene therapy when T cells becane detectable in the
bl ood of that particular child.

And the very first T cell which became detectable
were ganma/delta T cells, and they were V-gamma 9, V-delta 1 of
phenotypes. And at the time, there was a fairly quick recovery
of the VzV infection.
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And then these T cells positively declined and
became replaced very progressively by the different gamm/delta
T cells one nornally detects in the blood of a nornal
i ndi vi dual .

In the other patients so far we haven't seen any
expansi on of an abnormal gamm/delta T cell clone. At the very
| ast screening that has been performed over the last nonth, all
of the patients have been screened. They have al nost normal or
fully normal distribution of the different subsets of the
gamma/delta T cells.

CHAI RMAN SALOVON:  Okay. Kat herine?

DR. H GH: Christof, you showed one slide. I
think it was an RT-PCR slide for LMX transcripts from the
patient and from CD34 positive cells, and what tine point was

that fron? And do you have data on other tinme points?

DR. KALLE: This was a part of the ongoing
anal ysi s. The RT-PCR on the patient cells was conducted at the
| eukemic state basically. The CD34 sanple is not in this

patient.

Looking at other tinme points is an analysis that
we currently do, but that | don't have any data on.

CHAI RMAN SALOMON:  Bruce.

DR. BLAZAR: Gven the QC-PCR plot that you
showed, with the expansion of cells over tine beginning quite
early, have such studies in other patients showed this kind of
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expansion rate in other clones?

And would it have been predicted that regardless
of VzZV infection that this clone would have continued to grow
above a threshol d anmount ?

CHAI RMAN SALOVMON:  The question is do you want to
direct that to Dr. Fischer or to Dr. Kalle?

DR. BLAZAR: I want to know whoever has studied
clones, which is Dr. Kalle.

DR. KALLE: We have conducted those studies.
Again, you wll hear later on from other trials, yes, other
clonal studies have been conducted. O her foll owup studies of
clonal tracking have been conducted both in aninml nodels and in
this.

We have not seen an evidence of a clone that
really continuously over grows or out grows other clones unless
it had been established very early after transplantation and
just continued to exist.

I have pulled up a slide again, and you have to
see that at nonth 31 here is the situation when the VzVv
i nfection developed, where you can clearly see that there
already was a preponderance of this clone at least in the
i nspection, and the patient was just bordering on elevating his
| eucocyte cl ones.

But within the T cell fraction and especially with
the gamma/delta fraction, there was a preponderance of this
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cl one nuch earlier on. We would estimate between nonth 17 and
nonth 24, and the growth of that clone was continuous throughout
this time period, as you can see on the graph here.

Yes, that's the graph.

DR. BLAZAR: So that's unique to this patient.
And how many have you studi ed?

DR. KALLE: Well, we have basically studi ed about
six patients fromthe Paris trial. W have studied two patients
from the Los Angeles trial. We're currently looking at the
patients fromthe trial from London al so.

DR. FI SCHER. Maybe | should add that we have done
quite a nunber of tests of the imunoscope so that the
distribution of the use age of the different fanmlies and the
length of the CDR3 in terms of frequency within each beta famly
has been tested in now alnost all of the patients, and we never
detected any abnormal pattern suggesting of expansion of a
cl one.

So we always detect what amunted to al phal/beta
positive cells fairly fully polyclonal repertoire, which of
course tells very much against any expansion of the clone so
far, except, of course, this patient.

CHAI RVAN SALOVON:  Dr. Ml ligan.

DR. MULLI GAN: Christof, | have a question about
the Iimt of sensitivity of the LAM PCR approach. Eventual ly a
gquestion is: could we |look at every integration in a CD34 plus
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infected cell?

What do you know about the sensitivity?

So let's say that if you look at these patients,
they're infected, and if infection goes as everyone would hope
with the best vector systens and you're infecting ten to the
seventh or ten to the eighth CD34 plus cells, you would have
many, nany different integration sites. Let's say in the best
case ten to the seventh or ten to eighth different integration
sites.

VWhat can you tell us as the potential for |ooking
at all of them using your method? And tell us sonething about
the sanpling error.

One of the paradoxes of this is, of course, that
you can't sanple all of your sanple or else you can't use your
sanple, and | know we're going to get into it at the end of it,
you know, what can we do at the initial infection to try to see
what the frequency of bad apples are after infection.

DR. KALLE: Yes. O course, these are the key
issues to go on with this type of studies from here. I can
freely say that the sensitivity is very good up to | would
estimate approximately 100 different integration sites in a
gi ven sanple, but it would clearly be a hunongous task to screen
the integration events of, say, ten to the seventh cells were as
you had rightfully indicated you would first have to make sure
that they're all represented in what you are actually sanpling.
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And then also you would have to at |east use sone
node of visualization or screening them short of sequencing the
integration site |ocus. So | think that was sonething that at
the current point in tine we could not do. W could not screen
ten to the seventh integration sites in a reasonable tinme frane.

DR, MJLLI GAN: Well, in fact, even in this
particular case, | think you said it's not very surprising that
you couldn't detect the LMO integration site in initial CD34
pl us sanple. You wouldn't have thought you coul d.

DR. KALLE: Oh, vyes. That to us nekes perfect
sense because you have to keep in nind that this is basically
two or three days after the infection happening when the
retrovirus vector conmes on, and if we consider that this
insertion only happened in one cell at the time of reinfusion,
this has grown at nost to a four or eight cell stage where the
sanpling error of even if you were working up a third of that
sanple would still be considerable and we would probably not be
speaki ng about it.

DR. MJLLI GAN:  The second technical issue is when
you look at the effect of retroviral <insertions on the
modul ation of cellular functions, obviously there are nmny
mechani sms, and these things can occur at a di stance.

So tell wus about the capacity of the method to
detect an insertion, say, outside the LMX®2, you know, down
stream let's say it's ten or 20 kil obases that neverthel ess

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

51

woul d have the ability to activate LMXR.

VWhat are the limts of your nethod in terms of
being close? That is, | assume you have to be reasonably close
to make this work in a representative fashion.

So what we need to know is how well would this
detect things that are not, you know, right smack in the mddle
of a protooncogene.

CHAI RVAN SALOVON:  Woul dn't the answer to that be
just as good as your genetic data? I mean, if he finds the
downst ream sequence using his nethodol ogy, then you' ve basically
used the avail abl e databases. You should be able to find the
downst r eam genes.

DR. KALLE: yes, | would concur with that where we
would say that the integration site that we wusually -- the
sequence that we usually obtain is anywhere between 50 and 500
base pairs, and then we basically go back to the human
sequenci ng database to find out where the gene locus is.

We have done wal king analysis with this. So even
in an unknown segnent of DNA, you could go on to do LAMs to wal k
that | ocus, but that, again, is a very tedi ous process.

DR. MJULLI GAN: Can | ask one |ast question of Dr.
Fi scher? Because it's a distribution question of integration
sites.

Alain, why is it that if, in fact, the CD34
infection was, let's say, however efficient, let's say one
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percent efficient, one percent of cells or ten percent of cells
i nfected, when you see the T cell counts returned at the first
poi nt where you've looked at the T cell counts returning, |
thi nk soneone said there's 30 to 50 integration sites.

Again, is that a sanpling error or does that tel
you that there's a dramatic contraction of the nunmber of clones
of T cell precursors that are actually making contributions?

DR. Fl SCHER: Well, | think Christof is better
pl aced to answer the questions about the nunmber of integration
sites. The only thing | can tell you they are obviously | would
say a kind of oligoclonal efficient |ynmphopoietic ongoing
deficient (phonetic), but actually we don't know how it works
physi ol ogically speaking, how nmany clones there are which
generate all of our T cells at a given tine point.

Maybe there are not so nmany in normal individuals.

That's something we don't know about. There are sonme
suggestions in mce that it could be the sane.

So then, of ~course, we don't know how many
different clones have been transduced during the ex_ _vivo
procedures, but | would guess that many of them the |arge
majority of them are fairly differentiated cells which stil
express CD34, but for instance are conmitted to the B cel
I i neage.

We know that anong the CD34 positive cells in
these patients there are many PD cells (phonetic), and | think
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these cells are observed dying out by giving rise to a wave of B
cells and are | ess than could be detected anynore.

CHAI RMAN  SAL OVON: And so | know Dr. Coffin is
going to comment on integration, | think, and then we'll go to
Dr. Rao, and | believe |I've got two other people.

DR. COFFI N: Yes, | have a question, a followup
gquestion to that actually. And | apologize -- | just came in --
if I am asking something that's already been answered.

But the oligloclonality of what grew out nay, in
fact, not reflect a contraction, just a chance stochastic
contraction and expansion of the clone so that it may, in fact,
reflect the fact that all of those clones -- there's sonething
el se about them For exanple, the integration site that gives
them some sort of specific selective advantage over the others,
and so the question | have is were those other integration sites
characterized and | ocated and were there any others?

If so, where there any others of interest as far
as proximty to other known oncogenes?

DR. KALLE: W have so far from this patient
sequence about 60 integration sites. W have not found anything
that has drawn our imredi ate attention.

We are currently doing a mapping where we try to
find loci of a preponderance of retroviral integration, but so
far nothing.

CHAI RMVAN SALOMON:  The question | had was just as
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a bioinformatics point, if you said you found 60 integration
sites, how many of those, using the available bioinformatics you
had, were you able to assign to a |ocus of a gene?

DR.  KALLE: If you include the working five
sequences that are still being edited, about 80 to 90 percent.

CHAI RVAN  SAL OVON: A followup on this point. |
think the question is: does the fact that initially there is
only around 50 or 80 integration sites, in fact, indicate that
there is a selective advantage of sonething about those
integration sites, or is it because the gene transfer efficiency
intra-cell that gave rise to those or that you're really only
getting 50 different infection events?

And how does that contrast with the T cel
receptor variation?

I mean, | thought we heard that the repertoire was
a very broad repertoire. Yet this would indicate that there's
only 50 different T <cell receptors unless obviously this
occurred before you generated the repertoire.

DR. KALLE: Yes. There are both interesting
questions. What | would like to state is that the nunmber 40 is
we say greater than 40. What we can reasonably differentiate on
t hese type of high separation gels, we can separate in excess of
40 integration cites.

Cynt hi a Dunbar has done some additional work with
gene scan analysis where you can see that on repeat sanpling
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these are about 100 nanogram sanples of DNA reflective of about
three mcroliters of peripheral blood if you so w sh.

If you do repeat sanpling there is a considerable
sampling error so that the nunber tends to go up. The thing we
do know is, of course, that all of these integration sites
support expression of the receptor because that is a
prerequisite of these cells growing in the patient.

And the other statenment | would like to make is
that the insertion site analysis is probably not a good tool for
a pool situation preinfusion screening. However, we are fairly
confident that a cell clone that after infusion starts to grow
at the nore than ten percent level we would pick up as a
preponderance grown by this type of analysis and schene.

CHAl RMVAN SALOMON: Dr. Rao?

DR. Fl SCHER: To remind the previous work we did
several years ago, which actually came as a rationale for gene
therapy of XSCID, we had the opportunity in our |aboratory to
study a unication (phonetic) with a SCID X1 in whom we were able
to determine that a reverse nutation occurred in a T cell
precursor, and of course, the Ilikelihood that it occurred in
nore than one cell is alnmobst zero

And by assessing the peripheral T cell receptor
repertoire of this child, it was shown that the child had at
least 1,000 different T cell receptor beta chain anong the
different T cells, indicating that between the point at which

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56

the reverse nmutation event occurred and the tinme where the T
cell receptor beta gene was rearranged in the tinme, at |east ten
or 11 division cycles occurred, which shows, | think -- and
these kind of data have been reproduced in mce -- this shows
that the potential for proliferation of T cell precursors prior
to T cell receptor rearrangement is extrenmely |arge.

So that would fit with the concept that a rather
smal | number of clones, transduced clones -- whether they are
100, it doesn't matter -- but a rather |ow nunber can give rise

to a fully broad, diversified T cell receptor repertoire.

DR. RAC I had a question on the LMO transcript.
VWhat do you know about it? | nean is it truncated? Does it
| ook -- any data on the transcript?

DR. KALLE: O her than that it's made, everything
else is too prelimnary. W're looking at it.

CHAI RVAN SALOVON:  Dr. Wl ff and then Dr. Mackall

DR. WOLFF: | had a conment on trying to map these
initial insertion sites would be even nore difficult by findings
in nouse experinments where retroviruses have integrated as nuch
as 100 or 250 kb away from the gene.

This is probably nmore rare, although we can't
really say how rare it is because there are many insertion sites
in the animal nodels that actually haven't been identified as to
what gene they are activating, and so some of those unidentified
ones may be working at a distance.
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DR. MACKALL: I'"'m struck why on this slide here
the multiplicity of integration sites in the T cell arm versus
the relative paucity of integration sites in the nyeloid
repertoire. Now, do you think that that reflects sinply the
|l ack of sensitivity for the nyeloid cells because so nmuch fewer
of those cells -- they don't have the conpetitive advantage --
or do you think this is because you're nminly getting your
vector into the common |ynphoid progenitor rather than the true
pl uri potent hematopoietic stemcell?

DR. KALLE: That is, of course, one of the
guestions that we have tried to answer with this experinent. So
to summarize this data, we can say that there is integration in
myeloid cells in LTCIC of integration sites that we also find in
T cel | s.

So has there been integration in sone precursors
that support both nyel opoi esis and | ynphopoi esis? Clearly, yes.

Is this happening in the npjority of cases? W
don't know. The situation of the engraftment is such that 100
percent of the T cells are corrected, but the nyeloid or common
progenitors probably have a nmuch Ilower seeding efficiency
because that part of the bone marrow function stays conpletely
reci pi ent

DR. MACKALL: That woul d suggest that the |ynphoid
pool is going to be at nmuch greater risk than the myeloid pool
if it's sinply a matter of statistics.
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DR. KALLE: Yes, and also | would like to refer
with regards to the I|ynphoid progenitors in that question, |
would like to refer to Don Kohn's talk a little later where
we've all seen sone evidence from another study that that is
ongoi ng.

DR. SORRENTI NO: Ckay. | have two questions. The
first just addresses, | think, the general question how certain
are we of the causality of this integration with this phenotype.

And you know, |'d subdivide that into two issues.
One is do we know that the transcript as comng from the
inserted allele. Are there polynorphisnms present in the two
allele that would allow you to discern whether this is really
fromthe inserted allele?

And the second is if we were to look at
gamua/ delta nonoclonal T cell proliferations not associated with
gene therapy, would LMX2 be detected, LMX expression be
det ect ed?

And, you know, what's the relevant difference in
expression |evel here versus what you would see in a nornal
case, quote, unquote, normal case?

Gamma/delta T cell proliferation not associated
wi th gene therapy?

DR. KALLE: There's some data fromthe literature
to answer the last question first, but there is gamm/delta T
ALL. It's very rare, and | think the frequency of LMXR2
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activation in these cases is less than in the other cases,

al though | think there have been descriptions where TFALL of

gama/ delta type has had LMO2 excavation

About the causal nature, that is, of

course, the

gquestion that we are trying to answer. | have tried to describe

the data as it is, not invoking that we yet think that there is

a true causal relationship.

O course, there are nethods where we can try and

find out whether the allele is transcribed from the distal

promoter and actually involves the site of the retroviruses as

activated or whether there is another type of deregulation going

on.

These are studies that we are currently trying to

do.

DR. Fl SCHER: Excuse ne. | should add

that there

are prelimnary data on this, has to be confirnmed that this is,

mean your

Fi scher.

i ndeed, the allele by polynorphic studies. This is the allele
where there is the insertion which is expressed. |
LM32 allele.

But this has to be confirned.

CHAI RMAN SALOVON:  Thank you, Dr. Fischer.

DR. SORRENTINO: My question is for Dr.

| was interested actually in the patient 11 who
has not had T cell reconstitution, and Christof

i ndi cat ed

potentially due to a defective thynmus. \What information do you
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have about the thymic defect in this patient, which I presune
i s i ndependent of the gamma chain nutation?

DR. FI SCHER: W don't have any direct information
on the thymic function of these patient. This is just a guess
based on what is known about thymic function on long term
survivors with transplanted conbined inmmunodeficiency
pati ents. The only thing we know, that prior to the gene
therapy when we were trying to look at the presence of a
thym clunp by echography or by scan, by CT scan, we were not
able to detect any thymc |unp.

Of course, it doesn't tell us that there was not a
small one, but we were hoping actually that there nmight be a
smal | one.

So this is an indication, but of course, certainly
not the denobnstration that the failure in these patients was
caused by the absence of a thymc | unp. But | think this is a
reasonabl e hypot hesi s.

CHAI RVAN  SAL OMON: A question | have is what --
well, actually there's two questions. The first is what
promoter do you think is driving LM2 then and its clone? 1Is it
being driven by the pronpter of the transgene, the C and B
pronoter or sonething?

DR. KALLE: Al ain, please go ahead.

DR. FISCHER There is no C and B pronoter. It's
just the LCR pronoter there, but it doesn't seem again, from
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prelimnary data that anything is driven fromthe LCR apart from
the normal expected transcript fromthe vector itself.

But of course, we don't know nore than that. 0]
course, these are ongoing studies to deternm ne exactly what is
driving LMX2 expression in these particular cytochrones.

CHAI RMAN SALOMON: | guess that's sonmething | hope
that we can have sone nore scientific discussion of because |I'm
trying to square that with what |1've learned in the |ast week on
LMO2.

Dr. Coffin.

DR. COFFIN: In retroviral |eukenmpgenesis or
oncogenesis Dby insertional activation, transcripts actually
driven from the LTR prompter and containing LTR sequences are
actually nore the exception than the rule. Mch nore conmon is
an enhancer type of activation that acts on either the nornal
gene pronoter or on some cryptic pronmoter in the gene and not
directly activated by insertion of the retroviral pronoter
itself, but nore the enhancer el enents.

CHAI RVAN  SAL OVON: | guess we'll get to it a
little later, but again, there's the old saying about if you're
i gnorant of sonething it's better to stay quiet than open your
nmout h and renmove all doubts, but |let nme keep going.

So what | understand about the typical splicing of
the chronbsonme, the translocation is what ends up happening is
that the pronmpter of the translocated gene drives LM and you
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get | eukenpgenesi s.

DR. COFFIN:  You probably know nore actually about
the activation of LMX® than | do, but it's certainly clear that
in cases of oncogene activation by retroviruses, you can have in
different cases or sonetines in different species, you can have
different nodes of activation of which there are actually three
or four different kinds of things.

Sonetines it leads to truncation of stabilization
of the transcript, for exanple. Sonetinmes it's a direct LTR
driven expression. Sometinmes it's enhancenment, insertion of an
enhancer el enent which is how you get these, presunmably how you
get these activations from 250 kil obases away as was nentioned
earlier.

And sometimes it's actually splicing into the gene
froma cryptic splice, a donor or accepter in the pro virus. So
there's a lot of different ways to do it, and even within a
given gene that's activate, there are exanples of different
mechani sm havi ng been used in different cases.

Sonetinmes if you | ook at what happens in chickens,

it's a slightly different case than what happens in a nouse, for

exanpl e.

Certainly your point and the general point about
having to get these well characterized and see what's really
going on is clearly very inportant. Not hing would be

i nconpatible with what we know from the history of |ooking at
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retroviral activation.

CHAI RVAN SALOMON:  Just so it's clear, sort of the
agenda | have, and we'll get to it later, is, you know, clearly
an issue is going to be design of the vector.

DR. COFFIN: Absolutely.

CHAI RVAN SALOMON:  And if the conclusion here was
that the design of the vector had nothing to do with it, that
the insertional nutagenesis created by a random insertion,
period, then you could discuss it till the cow conme hone, the
design of the vector.

DR. COFFIN: It's going to be a real issue.

CHAl RVAN SALOMON:  Okay. Dr. Cornetta, and then |
know we have a couple of questions over here.

DR. CORNETTA: Al'l right. You nmade a comment, |
believe, that we had | ooked and there was no aberrant transcript
fromthe LTR. How did you determ ne that?

DR. KALLE: So far this is basically also by
| ooki ng at the RNA product of the vector that has been nade, but
we're currently |l ooking nore closely at that. W cannot excl ude
that other things are going on.

In fact, Christopher Baumis going to present sone
data from an aninmal nodel that is an exanple of how that could
be wor ki ng.

DR. CORNETTA: Is that a northern analysis or is
it by PCR?
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DR. KALLE: This is by PCR only so far.

CHAI RMAN  SALOMON: Dr. Bl azar, Tor bet t and
Mul I'i gan.

DR. BLAZAR Dr. Fischer, have there been any
studies to look at n.yitro human T cell generation using fetal
thym c organ culture or reaggregati on assays or Ln.vivo transfer
into SCID mce to see if sanples obtained prior to 30 nonths
preferentially grew out of this clone?

DR. Fl SCHER: No, we have not done these
experiments. Actually, | amafraid we will not be able to do it
because the sanples we have are too small to perform these kinds
of experinents unfortunately.

CHAI RVMAN SALOMON:  It's also, | would add, unclear
whet her the gamma/delta T cells are derived in the thymc.

DR. BLAZAR: Yeah, yeah. Well --

DR. Fl SCHER: This is true. This is not easy to
get gamma/delta T cell in fetal thymic organ culture from human
cells, but anyway, we can't do the experinment.

DR. TORBETT: Perhaps this is still prelininary,
but could you tell us a little bit nmore information from your
wor k about LMO expression, LMX2 expression in these cells? |Is
it exceptionally high, conparable to an ALL patient?

And secondly, since LEM (phonetic) is a zinc
domai n type of arrangement, it works for other proteins to bring
it together.
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Secondly, have vyou |looked at other kind of
insertions around the area that nmay give some insight of what
el se could be hid in deregulating LM®2 if this is the case?

DR. KALLE: To answer the second part of your
question first, and | mght also refer to Dr. Fischer for the
ot her part of the answer, we have | ooked at what is described in
the literature where npst of the translocations activate the
gene fromthe distal pronoter.

So the actual translocation hot spot is about
three to five maybe upstream of where the retrovirus is, just
outside of the first exit. Unfortunately because the pronoter
specter of the gene is so conplicated and that is a hot spot,
the regulatory influence of that first entrant, which is quite
large at 10 kb, has not been studied in great detail. So
there's very sketchy data about that al so.

The expression level as to what we can see from
this very prelimnary analysis, as well as what Alain Fischer
has from the gene array analysis indicates that the expression
is somewhat higher conpared to a, quote, unquote, nornal
expression level in CD34 cells, but height want to coment on
t hat .

DR. Fl SCHER: No, no. This is what do we know
about -- | nmean if the order of magnitude is slightly higher
than it is in leukemic cells epressed in LMX2, but nore than
that today we can't tell.
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And about the potting (phonetic), this is ongoing
in the lab of Terry rabbits in England, but we don't have the
results yet.

DR, MJLLI GAN: On this issue, how many different
ways can a retrovirus insertion activate sonethi ng?

I was interested by the vioinformatics approach
that vyou're indicating there's sonmething that |ooks I|ike
enhancers in that sequence, and so just to add to the pot, it
could be absolutely sinply the insertion of the sequence having
nothing to do with any enhancement from the long term repeat or
transcriptional activity; that vyou're just rearranging sone
regul atory el enment that now all ows enhancement to occur.

CHAI RVAN  SAL OVON: That's essentially what Dr.
Coffin was postul ating.

The other question | had is LMR2 is on Chronpsone
11, and you're tal king about a 613 translocation. W never cane
back to that. What in the heck happened there?

DR. KALLE: There is a partial trisony of
Chromosome 6, of the long arm of Chronpsone 6 added to one of
t he Chronmpsonmes 13. It's not sonething that has been typically
described for any form of leukema, and it's currently, of
course, being studied as to whether this can be pinpointed down
to what is really happening in that location and whether there
is any reference to the famliar cases of cancer that have been
described in this fanmly.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

67

CHAI RVAN SAL OVON: It actually wasn't present in
the kid before. If you go back before the gene therapy, there
was no 618 translocation?

DR. KALLE: As far as | understand the data, but
Dr. Fischer nay want to comment on that again. It hasn't been
present in the peripheral blood cells that have been analyzed
prior.

DR. FlI SCHER: Yeah, there was several cytogenic
anal yses perfornmed between nmonth plus 30 and now, and up to the
last test which was performed one nmonths ago, there was no
abnormal cytogenetic -- | nmean cytogenetic analysis was always
normal . The nitoses were normal.

So it seens that the presence of these 6 to 13
transl ocations inducing partial Chrompbsome 6 trisonmy cones as a
secondary event which follows by at |east nonth, and maybe nore
than a nonth, the proliferation induced by -- lightly induced by
the aberrant LMOX2 expression.

Now, what it nmeans and does it induce a secondary
event which is inmportant in driving cell proliferation we don't
know today. As long as we don't have characterized exactly the
breaking point, | don't think we can tell nobre about it.

CHAI RVAN SALOMON:  Yes, Dr. Torbett.

DR. TORBETT: Could you tell us a little bit --
I'"'m not famliar with the IL-7 receptor expression |evels when
it's regulated. Could you tell nme a little bit about regul ation
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of IL-7 and gamma T cells? Since it's constantly being
expressed, does IL-7 normally down regulated after activation?
Does it beconme qui escent?

I"mtrying to balance what we know with LMO2 with
constant expression of the IL-7 receptor.

DR. KALLE: I'mcertain not an inmmunol ogist. So |
would like to refer this to Alain.

DR. Fl SCHER: Well, | don't know whether | have
all of the information about it. VWhat | can tell you is that
the ganma c protein itself is constantly expressed by whatever,
al pha, beta, or gamm/delta features. There is a baseline under
which it never goes, and its expression is increased following T
cell activation, and then it goes back to baseline after some
time.

So there is no, as far as | know, no down
regul ation of the receptor, at |east of the ganmma c cytokine
receptor subunit in any event, in any circunstances. It's
al ways there.

About the alpha chain of the IL-7 receptor, |I'm
not so aware of data, but | don't think it does disappear at the
surface, but I'"'m not sure gamma/delta T cell in any
circumstance. But I'mnot fully sure of that.

DR. MACKALL: 1'd just make one comment on the IL-
7 receptor alpha. I don't know that there have been detailed
studies on gamma/delta cells per se, but in general it's also
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ubi qui t ous. It's, you know, present throughout. As T cells
become activated, they tend to down-regulate IL-7 receptor
al pha, but I'mnot aware that it disappears.

DR. KALLE: No, no.

DR. MACKALL: W do see with very high |evels of
IL-7, which can be present in T cell depleted hosts, that you
also can down regulate it, but | kind of doubt that it
conpl etely goes away.

CHAl RMAN SALOVON:  Dr. Rao.

DR. RAC I had a quick question. Wth sone
vectors we often have hot spots because of either honol ogous or,
you know, tied to a thing sinilar. Is there any evidence with
this vector that there's any kind of hot spot for integration?

DR. KALLE: That is, of course, a very interesting
gquestion. W have no indication so far. W are currently very
actively trying to map that both for nurine and the human genone
for retroviral vectors. As you know, it has been suggested in
the Cell paper in August that that my be the case for
retroviral vectors.

CHAI RVAN SALOVMON: Dr. Baum and then Dr. Coffin.

DR. BAUM I just want to conment that the
retroviral LTR, which provides ganma <c expression in the
patient, also is expected to up regulate when the T cell is
activated and to down regul ate expression when the T cell --

DR. FI SCHER: No, no.
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DR. BAUM That is at least the data with nmany
mar ker genes that have been introduced into T cells.

DR. FI SCHER: Well, | think what is biologically
relevant is the expression of the protein at the surface, and
the expression in association with the other cytokine receptors,
say, the alpha chain of the Interleukin-7 receptor or the beta
and the alpha chain of the Interleukin-2 receptors, for
i nstance, and the level of functional gamma ¢ protein at the
surface is controlled by the core expression of the other
cyt oki ne receptors subunit.

Of course, there is m evidence in the treated
patients that there is the kind of, quote, quote, physiologic
regul ation of the ganma ¢ gene transcription, which is certainly
not the case. But at the surface level, when one sees both in
the patient four, the one with this malignant proliferation, as
well as in the others, is that the level of gamm c expression
is either exactly in the normal range or slightly below, and it
goes up in, for instance, PHA blasts, but | think this is not
of course -- there is a physiological transcription control, but
just the association with the other cytokine receptor at the
surface which controls the |Ievel of gamm c expression.

CHAl RVAN SALOVON:  Dr. Cof fin.

DR. COFFI N: Just one clarification and a
questi on. There is no evidence right now for any kind of
targeted specificity for insertion of retroviral provirus. The
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paper that was published this sunmer and alluded to showed a
general correlation of regions where insertion was frequent wth
genes in a cell, identified one what they called a hot spot, but
it was really a very large chunk of DNA over which there were
far nmore integrations than was expected. It was like four
i ntegrations over 8 kb or sonething Iike that.

There's no evidence whatsoever that -- so there's
clearly a non-random aspect both at that level and at a nore
local level to retrovirus integration, but nevertheless the
numbers of possible target sites in a cell are truly huge, and
the probability of insertion at identical sites with any given
vector.

And also, there's no evidence that what's inside
the retrovirus has any controlling aspect on where the
i ntegration occurs. It's possible that the specific aspect of
the integrate that's wused causes sone nminor | evel of
selectivity, but there's no reason to believe that the sequence
of the provirus itself actually has anything to do with direct
i ntegration.

The question | had, and again, forgive ne if this
was covered, but has this provirus been conpletely sequenced and
shown to be exactly what was put in or have there been sone
changes in it?

DR. KALLE: At the prelimnary level | would say,
yes, that it has been sequenced once. O course, this is
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sonmet hing that we would |ike to confirm

DR.  COFFI N: And at the prelimnary level there
are no obvi ous changes?

DR. KALLE: Yes.

DR. COFFIN: From what was put in?

DR. KALLE: And the functional receptor is also
expressed.

CHAI RMAN  SAL OMON: Dr. Miulligan and then we're
going to wap it up.

DR. MULLI GAN: I know Dr. Fischer and | talked
about this several days ago, but | think many people don't know
about this VL-30, which in nmouse cells is an RNH transcript that
is well known to be packaged.

And so it in principle could be a secret player in
this whole thing, that is, it's another vector that essentially
transmts the cells out of all nouse cells, and therefore,
obviously I would think it would be very, very inportant to do
the same analysis on VL-30 insertions as on the vector because,
again, it's very curious about these initial 50.

I's there sonething special? Not only is there the
vector to think about, but there's also the VL-30 to think
about, too.

DR. FISCHER: Well, as we discussed it earlier, we
are, indeed, going to look at the presence of VL-30 sequences
and, of course, if they are one, of course, one has to |ook
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where they are.

DR. COFFI N: There are also other sequences that
have been reported in addition to VL-30. So one has to |ook for
all of these.

There's a defective kind of old NLV provirus that
seens to give rise to a lot of contamnation, genetic
contani nation of vector sequences. Actually that also has to be

| ooked t hrough.

CHAI RMVAN SALOVON: Okay. Well, we've got -- one
| ast one?

DR. KURTZBERG: This is a question for Dr.
Fi scher. What are the plans now for the treatnment of this

patient and what criteria are you going to use to continue
chenot herapy or to go to transpl antati on?

DR. Fl SCHER: Well, for these patients so far
recei ved the chenotherapy, which is the one from the so-called
EORTC for T cell |eukem a because at this tine we are not sure
exactly which is this kind of disease. O course, there are
enough simlarities to consider such a treatnent.

So he went on for the first three or four weeks
now with that treatnent, and he's clinically well, and now his
abnormal cell counts is down to a very, very |low |evel.

There is a plan in about ten days fromnow to do a
marrow examnation and to do a mnimal residual disease
detection. O course, we have nmany tools to do so and then to
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di scuss what to do next.

O course, conmplete remssion would be a good
prognostic factor. There are several options, of course. An
al | ogeni ¢ bone marrow transplantati on can be considered, but by
definition this child has no actually identical sibling. W are
| ooking for potentially unrel ated donors.

Anot her option we are considering mght be to try
to do an additional treatment wth a nonoclonal antibody
targeting specifically either the V gamma 9 or the V delta 1
elements of the T cell receptor expressed by this particular
cl one. But these are still under discussion, and first we have
to know whether the chenotherapy has induced full, conplete
rem ssion or what is the level of the mnimal residual disease.

So next options are further chenotherapy. That's
not an idea we like very much, but we have to consider it; the
usage of the nmonoclonal antibody and/or an allogenic stem cell
transpl antation from an unrel ated donor.

CHAI RVAN SALOVON:  Thank you.

W went a little bit |longer, but there was no way
I was going to truncate that inportant discussion.

Before we |l eave this, just because | really do see
this first piece as central to what happens the rest of the day.

Let me ask first, Dr. Fischer, do you feel |ike we've discussed
most of the key points right now just to set the stage? | know
you're not going anywhere, but is there any |ast conment you'd
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like to make at this point?

DR. FI SCHER: No, | don't think anything has been
left. I nmean, all of the as possible aspects have been
di scussed.

Well, maybe, | don't know. One small point. I
woul d be interested to hear about possible ideas, further ideas
to look at genetic predisposition in the famly, given the
occurrence of these two nedul | obl astomas, one in a sibling and
one in a relative.

If soneone has further ideas how to | ook at that,
we woul d be extrenely interested to hear about it.

CHAI RMAN  SAL OMON: And Phil, Carolyn, Cynthia,

are there any key questions or ideas you want to get on the

tabl e?

DR NOGUCHI : No. I would like to on behalf of
the FDA personally thank Dr. Fischer for his openness.
CQbviously Dr. Fischer's trial is not wunder FDA jurisdiction.

However, that has proven to be absolutely a nonexistent barrier,
and we thank him for presenting here and for continuing to be
here during this very inportant discussion.

CHAI RMAN SALOVON:  Thank you.

Ckay. Then what I'd Iike to do is go on to the
next presentation of the norning, after which we will have the
schedul ed break.

And it's ny pleasure to introduce Dr. Rebecca
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Buckl ey from Duke University Medical Center in North Carolina.
She's going to talk to us about her extensive experience doing
bone marrow transplantation in human patients with SCID.

|I'"ve been reminded as long as we have a nonent
here let ne introduce three other people that have arrived sine
we went around.

Dr. Orkin fromthe Dana Farber Cancer Institute in
Boston. Welcome, sir, and you'll hear from himlater on LMO 1.
He kindly didn't interrupt me in the niddle of whatever
stupidity I was saying about LMO-1, but |I'm sure he'll correct
me |ater.

Dr. Coffin, who's splitting his tine between
Boston and the Washi ngton area, joins us.

And then Dr. David Harlan, who's the third new
menber of the panel, welcone to, | guess, the first neeting
here. Dr. Harlan is at the N H

DR. BUCKLEY: Wel |, thank you very nuch.

I was asked to begin the discussion of alternative
therapies for several conbined imunodeficiency, and this is a
condition that 1've been involved with nost of my career, along
before there was any therapy avail abl e.

And having watched many of these patients die --
could I have the next slide? -- you have to renenber that this
is fatal syndrone. It was described about 50 years ago, and
it's only been 32 years that there's been any treatnment at all
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that's been effective because nobst of these babies die by their
first birthday.

And |I'm nmaki ng these remarks for the people in the
room who are not aware of the findings about SC D because |
thi nk sone people only know about it as "bubbl e boy" disease.

But this is not one disease. It's at |east eight
different genetic diseases, and it's always characterized by the
absence of T cell function, and because there's no T cel
function, there is wusually no B cell function, and in sone
genetic types there is also no natural killer cell function

Next slide.

And briefly this is a list of all the different
types of SCID. This is the X-linked form that we've been
tal king about for the last hour, the gamm c¢ deficiency, and
these other are all autosonmaml recessive conditions. They have
speci fic phenotypes that enables recognition of the possible
genetic type just by looking at flow cytonetry.

Next slide.

And just to give you an idea about the relative
preval ence of the different genetic types, as Dr. Noguch
poi nted out early on, the reason we're so interested in know ng
all of the different genes that cause SCID is because one of
these days we all hope for a gene therapy for all of the
di fferent genetic types of SCID.

The nost comon type is the one we've been
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di scussing, which is the X Ilinked type. These are all the SCIDs
that 1've seen in my career at Duke, and you can see that the
next nost frequent is ADA deficiency, which represents about 16
percent, and then right behind that is the IL-7 receptor alpha
chain deficiency, which represents about ten percent; JAK-3
deficiency, about six percent. Then | think you can see up here
at the top of the pie that there are still 30 babies in our
group that we don't know what the nolecul ar cause it is.

Next slide.

But relevant to this discussion is the fact that
it's been known since 1968, the year after HLA was discovered,
that all of these genetic types can be treated successfully by
bone marrow transplantation without a need for pre-transplant
chenot herapy because they don't have T cells, and therefore,
they can't reject the graft.

However, despite the fact that we knew that HLA
i dentical transplants in 1968 would cure this disease, it was
not until the early 1980s that methods were devel oped that would
all ow treatment when there was no HLA identical donor.

And it would through the studies of people who
worked with nice and rats that shows that if you could renove
all post thymic T cells fromthe donor of bone marrow or in the
case of the mce and rats, fromtheir spleen <cell suspensions,
that you could get around the problem of graft versus host
di sease, which you would also have if you used any other than an
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HLA identical donor, and it would be Iethal.

However, there are now excellent T cell depletion
techni ques, and the fact that you can take out the T cells,
which is the npst effective way to prevent graft versus host
di sease, neans that in these patients where the goal is to give
them inmunity, it's not correct their myeloid series or their
erythroid series or their platelets. You want to give them
i munity, and this allows the omission of drugs |ike
cyclosporine and nethotrexate that would interfere with the
devel opnent of that imunity.

So what | plan to do in the next few nminutes is
just to talk about the experience that we've had at Duke, and
then also | was asked by Dr. WIson to try to give you an
overview of what is known about the efficacy of bone marrow
transpl antation around the worl d.

So could | have the next slide, please?

This is the method that was developed by Yari
Ricener initially in mce and then later in nonkeys, where you
start with approxinmately a |eader of bone narrow You get a
buffy coat, and then by adding a protein fromthe soybean plant,
you can clunp sone of the cells, and the other cells that are
uncl unped then still contain T cells.

So to get rid of the T cells, we take advantage of
the fact that human T cells bind to sheep red blood cells, and
by doing two radiant depletions, you can get rid of a l|arge
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maj ority, about four |log depletion of T cells. So that you end

up then with about five percent of the cells that you had up

here.

And next slide.

This is a slide showing you what one of the final
preps |ooks like. If you can see, there are essentially no
| ymphocytes in this final prep. These are inmature myel oi d

cells, but we know that there are also CD34 positive cells.
There are CD7 positive cells. There are dendritic cells. There
are no CD3 positive cells that you can detect, except an
extrenely small nunber.

And this final preparation does not proliferate in
response to PHA or Con A So that when you put a cel
suspension like that into the circulation of a patient wth
severe conbined imune deficiency -- next slide -- you have to
think about, well, you're not giving any |ynphocytes. You're
not giving any T cells. Is this child going to have any way of
maturing these stem cells that you're giving so that they can
become T cells?

And for many years, it had been considered that
the thymus might be what was wrong in SClD. It's vestigially
smal | . It doesn't have any |ynphocytes in it, and it doesn't
have any Hassell's corpuscles. x

This is a picture on the next slide show ng you
that this is essentially an epithelial organ, and there are no
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| ymphocytes present. So knowing this, and one of the first
patients that we treated -- next slide -- and he's now 19 years
old; he has JAK 3 deficiency. W put the cells in at this point
in time, and then for about three months nothing happened, and
so we were really concerned that maybe the child didn't have a
way of having thynopoiesis.

But then all of a sudden CD3, CD4 and CD8 positive
cells appear in the circulation

Next sli de.

At the same tine T cell function appeared, and
since these were divided in cells, we could do a karyotype. The
child is a male who has JAK 3 deficiency. He had no siblings
Hi s nother was a donor. These are 100 percent female cells.

So even though we didn't put any |ynphocytes in,
his body was able to nature these stem cells, and we now --
don't have time to go into this -- we now know that there is
thymi c enlargenment, and there are tracks produced, and that this
is caused by thynopoiesis fromthis very tiny organ

Next slide.

Now, one of the things that's been alluded to is
that bone marrow transplantation is not perfect; that B cell
function often doesn't devel op. It did in this particular
child, but it took about two years, and he has never received
IMGin his lifetime, and he's, as | say, 19 years old and quite
heal t hy.
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Next slide.

So in sunmary then, we have been able to use this
method to treat patients who woul d otherwi se not have been able
to receive any therapy, and this is since 1982. W' ve been able
to treat now 128 patients with SCID. Only 15 of these had HLA
i dentical siblings. The others had no HLA identical siblings,
and we used HLA hapl oi denti cal donors.

And you can see that three quarters of these
patients are going to survive it. The incidence of survival is
about the sane whether there are ADA deficient or not, with the
caveat that sone of these who did not accept the graft had been
treated with PEG ADA, and one of these has been treated by gene
therapy in Italy, by the group there.

The next slide.

So just to go over the survival rates, | know that
in Dr. Fischer's experience in Europe that the RAG patients
there, that is, the T negative, B negative, NK positive patients
tended to do less well with transplantation from hapl oi denti cal
donors than the T negative, B positive SCIDs, but in our group
here we've not really been able to see nuch of the difference in
the survival rate among the different genetic types.

Okay. Next slide.

This is what they died from They are 28 who have
died, and you can see that npost of these have died from viral
i nfections that they were infected with when they presented. W
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had one late death at 18 years of age from a child who was
treated with PEG ADA. This was an ADA deficient, but nost of
the deaths have occurred in the first year.

We've had a couple that occurred from CW and
adenovirus as late as three or four years out. None of the
patients died of graft versus host disease even though only 15
of them had HLA.

Next slide.

So let me go back one slide if | could. | wanted
to talk about this because Dr. WIson asked me to comment on
other problens in these patients, and that is that there is an
i ncreased incidence of nmalignancy. These are mainly |ynphoid
mal i gnancies, and in our series you can see that three of our
patients had EBV |ynphoproliferative disease versus |ynphoma.
They were all EBV positive.

The next slide.

The article that came from Ellen Jaffe's group at
the NCI is the npbst recent report that | could find on the
i nci dence of nmalignancy and SCID, and this was a review article
in which it was stated that the incidence was estimted at one
to five percent. The nean age at diagnhosis was a year and a
half and mainly boys nore than girls. Most of these were not
Hodgki n's | ynphonma. A few were the Hodgkin's type, and there
was no mention about leukemia in this particular review | know
that there has been | eukenmi a in SCID before.
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Next slide.

Now, to talk about other centers and the
experience with bone marrow transplantation, this was a slide
that | put together for a chapter | wote for Dick Steen's book
on transplantation, and it was a survey | made by calling all
the people | knew who were working in the field and getting an
i dea about how nmany transplants were being done.

And | think you can see that there were 576 SCl Ds
that | |earned about, and these are the data here at the top.
Since | can't calculate that fast -- next slide -- | have
calculated it for you.

The HLA identicals, there were 125 and 105 were
surviving or 84 percent, and this is consistent with the figure
that you heard earlier.

For the haploidenticals, at that tine 60 percent
were surviving, and for the MJD donors, 71 percent. There have
only been two cord blood transplants in SCID that | found out
about as of 1997, and |I'm aware of the data, the unpublished
data, from the latest survey of the European imunodeficiency
group where | think that |Iless than one percent of the
transpl ants have been of that type all told in SCID.

But all together the survival rate was 64 percent.

Next slide.

Now, these are publications since 1997, and they
come, again, from Dr. Fischer's group and the European Society
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for | nmunodefi ci ency. The article by Haddad in 1998, | think,
summari zed the data through '96 or '95 or sonewhere in the md-
1990s.

And at that time -- and this was 193 total SCIDs,
this included HLA identical, as well as haploidentical and
unrelated, and there was a 48 percent survival rate at that
poi nt .

Bertrand, again, from the European Society for
Primary | mrune Deficiency, published in 1999 178 that were just
hapl oi dentical, and as you can see, 52 percent were surviving
t here.

And | might point out that in many of the European
centers, chenot her apy is used pri or to bone mar r ow
transplantation, and the thing that seens to be energing from
this is that the centers that use chemotherapy, the nortality
rate appears to be higher, and | think this is because these
patients present wth lethal infections at the time they
present, and when imunosuppressive drugs are given, it's not
any surprise that there would be a higher nortality.

For exanple, this is the L.A Children's group
here, where | think they used cheno for all of their patients,
and there were 37 that were hap-matched, and of those, there
were only 17 surviving. Overall there was a 56 percent survival
rate.

This is from UCSF, from Mort Talley's group, where
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in the attabaskin (phonetic) SCIDs and the others who have the
Artemi s gene, the patients -- these are inbred groups here, and
there are a series of 16 where only six were hap-matched. The
rest were DR identical. There was a 75 percent survival rate.

And this is the current survival rate at our
i nstitution.

Next slide.

Ckay. Now, | want to touch on something that is
probably going to some up, and that is that since they die of
infection, if you could diagnose them before they becone
infected, wouldn't the survival rate be better? And the answer
is yes.

This is from Andy Cant's group, and the first
author is Kane from Newcastle, where they did a retrospective
review of 13 that they had transplanted in newborns because
there was a famly history, and these children were diagnosed
early on, and they were all surviving.

In our series at Duke, and one of the references
that was sent to the nenbers of the committee as a pdf file is
from our group here that was published in February, where we had
I think at the time it was 21 or 22 neonates, and we had only
| ost one, and that was froma CMW i nfection.

And included in this nunmber 35 right here are
these 24 newborns, but what the nunber 35 refers to is all of
the patients that we have transplanted in the first three and a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

’7

hal f nonths of Iife, and we only have | ost one patient, and that
was from the CW infection, from a nother who had no prenatal
care, and the child was infected right after birth.

So survival rate is very good if you can di agnosis

this at birth, but -- and I'Il just say this briefly because |
don't want to get into a |long discussion of this -- but there's
no screening in the United States or, for that matter, that I'm

aware of anywhere in the world for this condition at birth. And
I think that, you know, every baby in the country could be
picked up if just a white count and a nanual differential were
done on the <cord blood because then you could recognize
| eukopeni a and transplant shortly after birth.

So next slide.

This is just a Kaplan-Meier plot showing you the
neonates we transpl ant ed.

The next slide. The next is the ones in the first
three and a half nonths of life. I think you can see that we
have several that are out in the teenage years, and the ol dest
child is a pediatrician's daughter who wants to be a physician,
and she's in college now and very heal thy.

The next slide.

This is just to show that this was a child who was
transplanted at day 18 of life, and this was her thynus at four
years of age. So by giving stem cells to a baby wth a
vestigial thynus with any of the types of SCID that we know
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about, by putting the normal seed, the garden enl arges.

The next slide.

So now | wanted to tal k about the other aspects of
this, and so far |I've only tal ked about survival, and survival
of course, is not everything, and just taking our 100 survivors
currently, 90 of these patients are T cell chineras. I n other
words, 100 percent of their T cells are their donors'

Ten of the patients are not chinmeras. Five out of
16 of the 88 efficient SClDs, one has undergone successful gene
therapy in Italy, and one is awaiting gene therapy there, and
three of these patients are on PEG ADA

The other five are one X-linked; one JAK 3
deficient that you'll hear about this afternoon; three autosoma
recessive.

Thirty out of 100 have donor B cells, but 58 of
100 are on IVIG So even though giving this type of treatnent
can give you a high rate of survival, depending upon when you
transpl ant, you end up with having poor or no B cell function in
many of these patients, and in sone cases there is resistance to
engraftnment so that you don't even have T cell chineras.

The next slide.

So in conclusion, this is a pediatric energency.
The potential exists for diagnosis routinely at birth, and if a
stem cell transplant from a relative can be done in the first
three and a half nonths of |ife before infection has devel oped

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

89

they woul d have probability of success.

T cell depl et ed hap- mat ched transplantation
provides a life saving therapy for all fornms of SCID, but it is
not a perfect treatnment, and the prospect of gene therapy offers
hope, but the remnining defects in these chineras wll
eventual ly be correctable.

And as you've already heard, nmost of Dr. Fischer's
patients who received gene therapy, not only was their T cell

defect corrected, but their B cell defect was as well.

So I'Il close there, and I'd be glad to answer any
guesti ons.

(Appl ause.)

CHAI RVAN  SAL OVON: So this is open for sone

di scussion. Dr. Torbett.

DR. TORBETT: Not following the literature and not
knowi ng why there would be a difference between those that got
gene delivery versus transplant, why is there such a difference
in B cell? And are the B cells that are coming up in the
patients that have been transplanted, are they conpletely
functional across all isotypes?

DR. BUCKLEY: Ckay. Renmenber that in many cases,
in all cases at our institution, we do not give chenotherapy.
So we don't get of the recipient's B cells.

But, again, the European group has | ooked at this.

They've | ooked at the ones who did receive chemb versus the
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ones that didn't receive chenp, and it was not statistically
different as to vhether or not they had chenp, whether or not
they had B cell engraftnment.

We don't know exactly why B cells don't engraft,
but there are lots of theories about that. Sonme people woul d
say it's a spacing problem and you only engraft what you need.

So, for exanmple, in the Xlinked and the JAK 3
where they have a high nunmber of B cells pre-transplantation,
does that prevent the B cells fromcom ng in?

We don't know really.

CHAI RMAN SALOMON:  Can | address that because | am
also -- | think this is really a potentially inportant point.
One at sone point could ask if one could address this issue when
woul d bal ance the need for the gene therapy approach against
usi ng al |l ogenei c transpl antati on.

And it's clear that this B cell issue isn't one
that's totally out of the picture fromthe data Dr. Fischer has
shown us today in the sense that it would appear that the
paucity of insertion cites in B cell lineage suggests that,
again, there's some sort of decrease in whatever selection
pressure is that's positive for selecting the B.

It doesn't make a whole lot of sense to ne. | f
you don't have a T cell pool, you shouldn't be driving nore some
of the later points in maturation and inmmunoglobulin switch. So
it seens like you'd be missing a whole ot of your nore mature B
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cel |l popul ation.

And | just don't follow this space argument
ei ther.

DR. BUCKLEY: Well, we have other data on B cell
function in our patient population. 1In the JAK 3s and the ganmm

c's where their cytokine receptors don't work on their B cells,
we postulated that the reason they don't have B cell function is
because they still have abnormal cytokine receptors on their B
cells.

However, in the |IL-7 receptor alpha deficient
pati ents who have all host B cells and all donor T cells, nopst
of those had normal B cell function.

So |l think it may have to do with the genetic type
of SCID, and if you've got B cells that have nonfunctional
cytokine receptors, then this nay be the explanation.

And | should add that approximately one third of
our X-linked patients do have normal B cell function, and they
are the ones who have donor B cells. And we didn't do anything
different in those patients than we did in the others.

So we don't know why in one third of the patients
we do get donor B cells and in the others we don't.

M5. LORI KNOWLES: | wondered if you noticed any B
cell function in the neonate group that differed from the other
gr oup.

DR. BUCKLEY: Well, no. We had hoped that. We
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did see earlier T cell function and greater thynopoiesis by
transplanting the newborn, period, but we didn't see any
difference in the devel opnment of B cell function.

DR. ALLAN: 1'mgoing to go out on a linmb a little
bit. The question | guess | have is that you show the neonates
survived better, and do you know why the neonates survived
better?

Because, | mean, one of the things that hits me is
that one patient that had |ynphoproliferative disease with gene
therapy was the youngest patient, the one nmonth old infant. So
I"'mwondering if you can tie these together in any way.

DR. BUCKLEY: Well, we have thought about that a
lot. We've wondered whether the thynmus mght be nore poised to
be able to mature these cells at that age.

But ny own feeling is that | think infection nust
have an enormous role in this because if you have a patient who
comes in with CW or adenovirus or VZV, those patients usually
take longer for the graft to come in, and so | think the
i nfection plays a major role.

But it could be that because the thymus is |arger
or nore poised to mature these cells early on, that's the reason
for the difference.

DR. TSI ATI S: Sone of these high survival rates
that you show in the children of |ess than 25 nonths, does that
seem in sone of these other studies |ike what you were | ooking
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at?

DR. BUCKLEY: No, because it all gets back to what
I was saying, that the only reason it would be done early would
be if there was a famly history, and in nobst of our cases there
is no fam |y history.

So because there's no newborn screening program
anywhere in the country and | think nowhere in the world, these
babi es are not picked up at that point.

I'"'m | obbying obviously for newborn screening for
this condition.

DR. TSI ATI S: The other question had to do with
how t hese neonates were identified, and could they possibly have
different prognostic factors than the other children and
different rates?

DR. BUCKLEY: Well, the reference, | think there's
a pdf file that was sent around with the paper in it. It
contained a lot of the ADA deficients and the XIlinked because
those are the ones that you can screen easily for on ammion
cells.

But there was no difference in the survival rate
according to genetic type anmong that group.

CHAI RMAN SALOMON:  Just for some nore, Dr. Blazar,
Kurtzberg and Coffin.

DR. BLAZAR: Rebecca, could you comrent on the
track decline that was shown earlier?
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DR. BUCKLEY: Ri ght, right. I would like to say
there was a slide that was shown by the first speaker that had
Batelle, et _al., as a reference. | was the senior author on
t hat paper, and we had very few data points out at 12 and 14
years of age.

We're going back now trying to get sone of out
teenagers who are now 18 or 20 years and see if, indeed, that is
t he pattern.

DR. BLAZAR: The second question is: have you
seen a difference in B cell engraftnment if you transplant
neonates versus ol der?

DR BUCKLEY: That was what she asked.

DR. BLAZAR: Oh, I'msorry. | mssed that.

DR. BUCKLEY: Right, and in that paper that we
published in Bloaod in February you can see that's what we had
hoped for, but we didn't see any difference in B cell function

in the neonates versus the ol der group.

DR. KURTZBERG I just wanted to nake a comment
about neonatal transplantation. It's not only in SCID, but in
any disease that you transplant. The younger the child the

better they do, and whether you use chenptherapy or not, the
out comes are nuch better.

So we have transplanted a |arger group of kids or
neonates with inborn error where we used belated chenotherapy
and have 100 percent survival in ten Kkids.
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So | think regardless of the age or the disease,

t he younger the child the better the outcone.

CHAI RMAN SALOMON:  Just to follow up on that,

Jon,

in general those children have conplete reconstitution of B

cells.

DR. KURTZBERG Yes, they do. And as an aside

because the experience has grown over the past two or t

hr ee

years, we had 20 babies with imune deficiency syndronmes of

varying types and with chenotherapy in the first two years of

life and have an 85 percent survival in that group. They do

have a full B and T cell function, and the nedian follow up in

that group was over two years.

So | think there's still a controversy about

whet her or not chenotherapy helps or not. I think in the

youngest ki ds, regardless of whether you use chenotherapy or

very

not

and regardless of the diagnosis that survival is nuch better

because of age.

DR. BUCKLEY: I would just like to comment that |
think you can't lunp all imune deficiencies with the others.
You know, nost of the ones -- all of those patients in not the

SCI D group, but the others, and | clearly didn't get to point

this out on the overall slide, but except for SCID one does
to use chenpablation prior to transplantation in order to
the graft to come up.
CHAI RMAN SALOVON:  Chri st of .
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DR. KALLE: I may have missed this, so please
excuse. There's data from John Vi ck's group t hat
transpl antation of human progenitor cells to the not SCI D nouse
nodel allows B cell proliferation independent of progenitor cel
function. So | was wondering whether that data had been | ooked
at as to the dosage of B cells that have been co-transplanted or
whet her any attenpts have been nade to transplant B cells in an
i sol ated fashion.

DR. BUCKLEY: That's a very good point because, as
I showed you the smear there, there were essentially no
| ymphocytes in the final prep of nost of these T cel
depl eti ons. Occasionally we will by nonoclonal antibodies pick

up a few B cells, but we certainly do not give them nany B

cells.

CHAI RMAN SALOVON:  Dr. Ml ligan.

DR.  MJLLI GAN: Rebecca, | have a question about
enzyme replacenment. You know, about a decade ago when there was

the original ADA clinical trial, actually there was a little bit
of a controversy about how the enzyne replacenment at that point
i nfluenced the risk-benefit ratio with gene therapy, and since
we nmay be getting back to this issue of how you reset the risk-
benefit ratio, how does the current point, the PEG ADA -- how is
| ooked upon with patients? Should it influence this whole
t hi ng?

DR. BUCKLEY: Well, in our hands, when we have a
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new patient wth adenosine deaninase deficient SClID, we
transpl ant before we give PEG ADA because of the first patient,

the one that was witten up in the New England Journal W had

had just the opposite thought.

We had thought that we had to detoxify the mcro
environnment by giving red blood cell transfusions repeatedly to
| oner the de-oxyadeneonucl eoti des (phonetic).

And what happened was we enpowered her T cells to
reject the graft, and she was the person | nentioned that at age
18 di ed of pul nonary hypertension.

The patients who have been on PEG ADA have not
fared as well as those who have been transpl ant ed.

CHAI RVMAN SALOVON:  Dr. Bl azar.

DR. BLAZAR: Wuld you make a comment on the
repertoire diversity since that's relevant to the di scussion?

DR. BUCKLEY: Ri ght, right. W have, of course
| ooked a that. We're |l ooking now at B cell imunoscope, T cell
i munoscope, and in the patients who have been successfully
engrafted, we have very good T cell diversity, but in the ones
who have resistance to engraftnment, of course, there's either
oligoclonality or very few T cells.

DR. HI GH: I wanted to ask two questions. One is
you nentioned several factors that appear to influence the
outcome of bone marrow transplantation: age at presentation,
presence of infection at presentation, whether they have an
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i dentical versus hapl oi dentical donor.

So could you essentially define a set of criteria
that would predict people who are not going to do well at
transpl ant ?

DR. BUCKLEY: I would think the average baby who
comes in at age even nmonths because nobody has diagnosed him
before that time, who comes in with an adenovirus infection or
with CW, varicella, that that patient is destined to probably
not survive.

DR. H GH: And the second question is that for
those of us who aren't inmunologists, can you conment a little

bit about the cost and the trouble of IVIG therapy through |ife?

DR. BUCKLEY: | can't really tell you how much it
costs a year, but it's a lot. I think -- is it $50 a gram now
for IVIG? Well, | think it depends on which brand and whet her

they use Home Health to do it, a lot of different things, but
it's very expensive to give IVIG

It's also very expensive to give different types
of transplants. For exanple, for a chenpablated transplant,
perhaps Dr. Kurtzberg can tell you what the average cost of that
is, but I would say it's well over a couple hundred thousand
dol lars, whereas in the neonates that we've transplanted, we've
transplanted them as out-patients, and we've kept them in
apartnments in our comunity, and the average cost is around
$50, 000.
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So there are all sorts of cost factors in the
various treatnments for these patients.

CHAI RVAN SALOVON:  Abbey.

M5. MEYERS: Going back to a comment about the
controversy about PEG- ADA, I was on the gene therapy
subcommittee at that time when French Anderson came to us with
the first human trial and wanted to do SCI D, but about two weeks
bef ore PEG ADA had been approved by the FDA, and so we said this
used to be a fatal disease, but nowit's treatable, and so there
are other ethical questions that have to be addressed.

And nost of the patients or fanmlies that | speak
to have been on for years, are still doing very well, and have
grown up and are full grown adults now.

So | think that there's not so nmuch controversy.
What we have to face with this issue is if we find that other
children are at risk of |eukem a because of gene therapy,
whet her for SCID or anything else, we really have to |look at the
gquestion is this an untreatabl e di sease.

And if there is treatnent and nmaybe treatnent that
is not as drastic as bone marrow transplant, but you know, other
ki nds of nornmal treatnents, then maybe they shouldn't be exposed
to that type of risk.

CHAI RMAN SALOMON:  Well, this is a good exanple of
al l owi ng sonething that's a key discussion point to bubble up at
this point, but we won't go anywhere on that line right now
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But we'll definitely cone back to that because it is a key
poi nt .

I'd like to go to the break. Richard, is this
short ?

DR. MJLLI GAN: Is there any attenpts to look in
the reconstituted patients on whether there is any sort of
genom c or genetic instability that's not associated with tunor
formation, but just may eventually lead us to think that there's
anot her chance for another kind of hit?

DR. BUCKLEY: The only thing that | can tell you
is what we've not seen any evidence of any malignancy in any of
the long term survivors. Prior to development of T cell
function, we will often see nyelona-like proteins develop in the
serum of these patients. W' ve had several that have had |ike
IgA nmyeloma proteins or 1gG myeloma proteins, and we didn't
treat them w th chenot herapy.

Wen the T cells came in, they down regulated
t hese, and these clones went away.

DR. FI SCHER: Excuse ne. Can | add sonething from

Paris?

DR. BUCKLEY: Yes.

DR. FI SCHER: | just becane aware yesterday --
this is just by chance |I don't know -- but that a patient was
transplanted 27 years ago. He's a SCID in France, has how a
di agnosis of |ynphoma in his stomach. I know it's a B cell
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| ymphoma, and | don't know nore today, whatever is occurring on
donor or host B cells, but I think this is inmportant to know.
This is the first time |'ve been aware of late malignancy in a c
pati ent who was transpl anted.

DR. BUCKLEY: Alain, was that an HLA identical ?

DR. Fl SCHER: I don't know yet, but it is very
likely because it occurred in 1975. W are working how to get
t he data.

CHAI RMAN SALOMON: That's interesting. So | can't
resist a last question. You guys can beat ne up later on this
one.

But the question that cane to nme a few m nutes ago
is you guys, either you, Dr. Fischer, but what percentage of the

B cells post transplant in these kids are donor derived?

DR. BUCKLEY: Well, it varies. When | said that
there were 39 -- | forget what was on the slide -- 39 of the 100
have donor B cells. By that | nean it ranged from anywhere

bet ween three percent and 100 percent. So it can really vary.

CHAI RVAN SAL OMON: Do you have a sense of what --
is it very low suggesting that there's an engraftment/survival
i ssue?

DR. BUCKLEY: It's really a spectrum and | think
we have a lot that have like 20 to 30 percent donor B cells who
have good B cell function.

CHAI RMAN  SAL OVON: D. Fischer, do you have any
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conments on that?

DR. FI SCHER: Yeah, well, in our experience in
those patients who were not nyeloablated and this is the
majority, there is not nmore than ten to 20 percent of them who
have donor B cells at a significant |evel, and as Becky Buckl ey
just said, we have some data that those patients do develop B
cell functions whereas others don't.

CHAI RVAN SALOMON:  Okay. Thank you.

A break. If | say ten mnutes, it will be 15. So
be back in ten.

(Whereupon, the foregoing matter went off the

record at 10:37 a.m and went back on the record

at 11:01 a.m)

CHAI RVAN SALOMON:  Okay. Thank you all for com ng
back.

I would like to introduce one additional nenber of
the panel who arrived just recently, and that's Barbara Ball ard,
and she represents the |Inmmune Deficiency Foundation, which
represents patients and famlies of children with SClI D di sease.

Ckay. Well, 1 think we'll go right on with the
next presentation, which is from Dr. Linda WIff, National
Cancer Institute, on retroviral insertional nmutagenesis and
cancer in animal nodels.

DR. WOLFF: I'"m very pleased to be invited today
to be able to share information from my own research, and | hope
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that this will contribute a lot to the insight of the discussion
that occurs this afternoon.

My research over the last 20 years has really been
focused on leukenmia in mce and in cats. In ny graduate work |
did sone work with feline |eukenmia virus, and then ever since
I've been at the NCI | have worked on nmouse retroviruses with an
enphasi s on insertional nutagenesis.

VWhat 1'd like to cover today, shown in the first
slide, I would first like to give a brief historical overview of
i nsertional mutagenesis and cancer, but then |I'm going to talk
about an exanple of a mobdel where we used information to pronote
| eukemi a progression in conjunction with retroviral nutagenesis.

And inflammation, of course, mght be considered
to mimc a chronic infection.

Next |'m going to talk about how we've used
col l aboration or conbination of genetic events to induce
leukemia in a nmore rapid way, and 1'll take exanples from our
current studies where we use retroviral insertional nutagenesis
in transgenic mice carrying oncogenes or in knockout mice in
whi ch a tumor suppressor has been del et ed.

And then finally |I'm going to give an exanple.
This is a quite historical exanple from the '80s where we
i nduced cancer with a nonreplicating retrovirus vector.

Retroviruses were first discovered in association
with cancer around the turn of the century. So people took
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extracts from |l eukemias in the chickens and they made cell-free
extracts and transferred the di sease to other chickens, and then
these extracts, they used themto clone out viruses in cells and
then finally nolecularly cloned viruses, and simlar things were
occurring also in the rodents.

Now, just for historical background again, many of
these cancer causing retrovirus isolates from mce and chickens
were conposed of two different viruses. The virus on the right
is a replication conpetent genonme we've also called many tines
"hel per virus."

I don't think this is really working, is it? |
can see it over there. Anyway, |['Il go on anyway.

This replication conpetent genone is conposed of -
- has genes that we call the structural proteins, as well as
enzynmes that are crucial for replication, such as the gag, pol,

and env genes.

Also, | just want to point out about the 1|ong
term nal repeats, which we've heard nentioned already here. The
long term nal repeats contain an inportant aspect. They contain
transcriptional pronpoters and enhancers. O course, the purpose
originally is for transcription of the viral genone.

Now, the other retrovirus on the left was a
typi cal defective genonme that was found in these isolets in
which many of the essential replicating genes were replaced by
an oncogene. To varying degrees this replacenment occurred.
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This is just sinplified. And these also had the |ong term nal
repeats on the end.

Now, if these retrovirus conplexes, they cal
them conposed of a couple of different virus isolets on the
one, are put into aninals, they get a rapid disease minly
because of the oncogenic gene that has been picked up into this
defective genone.

It is believed that these were transduced from
normal cellular sequences. I'"'m not going to talk about this
aspect anynore, these defective genonmes, but |I'm going to
concentrate now on these replication conpetent genomes because
they can cause di sease by insertional mnutagenesis by thensel ves.

To explain insertional mutagenesis | just briefly
want to mention how the virus replicates in its life cycle. The
virus has a nmenbrane on the outside, and it binds to receptors
on the cell, and then the menbrane fuses with the cell nenbrane
so that the virus can be introduced into the cytoplasm

At this point the RNA in the virus is reverse
transcribed into DNA, and then that DNA is formed into a double
stranded DNA, and this DNA goes into the cell, and the inportant
part | want to point out, of course, as we've already been
talking about is that the virus, called the provirus now,
beconmes integrated into the cellular genome, as John Coffin had
mentioned, is essentially random throughout the genone.

John hinself has done nmany studies along this line
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to determine where these integration sites are, but within |oca
regions there my be some specificity, but overall t he
integration is fairly random and cell division is required for
efficient integration.

Now, of <course, these proviruses can integrate
next to proto-oncogenes. I just want to clarify the definition
of a proto-oncogene is in my definition any kind of a gene that
can stimulate accunul ation of cells during the normal process of
cell growth, whereas an oncogene is an activated proto-oncogene
having increased capacity to cause continued inappropriate
gr owt h.

You may see these terms, and | wanted you to
under stand what they were.

Now, there are many, many  nechani sms  for
activation of oncogenes by the viruses, but |'ve tried to point
out here the npbst conmmon type.

First of all, the virus can integrate the five
prime end of the gene, and its pronoter here can be used to
drive transcription. But actually what occurs nore comonly, as
John nentioned, is that the enhancer elements of the virus LTR
can enhance transcription from other promoters so that it my
just enhance the transcription downstream of this gene.

This is a nore versatile way of activating a gene
because the provirus can also be at the three prime end, and its
enhancers can have an effect on the five prine end. And as |
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menti oned earlier, these proviruses have been shown in sone
instances to be integrated as far as 100, 200 kb away,
ki | obases, away fromthe gene that they're activating.

This is a list of many of the current genes that

have been shown to be activated by retroviruses by insertional

mut agenesis, and | put it up here not for you to read every
detail in it, but just to show you that there are a |Iot of them
and we're still accumulating nore of them as the research goes
one.

But to sinplify this table, 1've summarized sone

i nformati on here. Typical types of genes that are activated by
i nsertional nutagenesis include growth factors, growh factor
receptors, cytoplasmic kinases which are involved in signa
transdiction, which can change the program of a cell, and
transcription factors thenselves that regulate the transcription
of genes. This is not all inclusive, but these are the mgjor
groups.

Now, the viruses that have been shown to be
involved in insertional mutagenesis, including the avian system
avi am nmucosis virus in the rodents, nurine |eukenma virus, nouse
mammary tunmor  virus, and |AP articles. These | APs are
endogenous retroprosone type of elenments that have been
implicated in nmving within the genone, and in the feline
system the feline | eukem a virus.

Now, these are not single viruses. There are nmany
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in each group of subtypes of these viruses, and they have been
shown to cause nyeloid |eukema, |ynphoid |eukema, erythroid
| eukem a, and mamuary carci nonmas.

Now, I'd like to give you an idea of how many of
us look at the way in which insertional nutagenesis leads to
cancer. If you have the normal progenitor cells in the blood
and they beconme infected by a virus eventually you nmay get an
i nsertional nutagenic event, and during the pre-|eukem c phase,
you get a progression such that additional oncogenic events nmay
occur.

And finally you reach a point where you get a
clonal event that has a -- it can rapidly expand its popul ation,
and so now you have nobre of a leukemia which has a nmalignant
transformation.

I want to enphasize that this expansion is often
nore of an accunul ation. These cells don't necessarily grow
faster, but sometinmes they're blocked in differentiation and do
not termnally differentiate.

So what other types of cooperating events that may
enhance cancer when there's already been an insertional
nmut ageni ¢ event? One we found in our studies was inflammuation,
which is a kind of inmunol ogical response. It could also have
activation of another oncogene by translocation, nutation,
del eti on.

In transgenic mice this may just be a transgene
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that's bei ng expressed.

Al so, you can have inactivation of the tunor
suppressor by deletion, nmutation, or hypernmethylation which
causes decreased expression.

Now, for those people who are not working on

cancer regularly, | wanted to just go over how these events,
vari ous oncogenic events may affect the cell biologically. It
may cause |loss of cell cycle control. They may bl ock term nal

differentiation, which is normally associated wth growh
arrest. This is a very comon kind of situation that is found
in | euken a.

It may inhibit apoptosis. Cells normally undergo
apoptosis or programmed cell death as part of the nornal process
when the cells are not needed anynore, and inhibition of this
apoptosis is a very conmon oncogeni c event.

Another thing is altered adhesion of the stromal
cells allow ng netastases.

Now, | want to talk sone about sonme previous work
of ours in which we had a nodel in which insertional nutagenesis
coll aborated with inflammation Ileading to acute nyeloid
| eukemi a. The way this nmodel worked is you give Pristane, which
is an oil in the peritoneal cavity that causes a chronic
granul oma, and if you give MILV to these mice intravenously, in
an average of three nonths you get a |eukemc outgrowth in the
peritonea cavity.
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So the retrovirus, what we've found over the
years, causes nmutagenesis in many cases in the c-Mb |ocus,
which is a proto-oncogene involved proliferation and anti-
apoptosis, and also in a number of other loci which are still
bei ng characteri zed.

And the Pristane allows for this chronic
i nflammation, which you nmay think of or could be sinmlar to
m m cking a chronic infection.

Now, the interesting thing that we found was that,
of course, without Pristane, w thout the inflammtion we got no
di sease at all. This is shown here.

We could give Pristane either before we gave virus
or after we got virus, and of course, it's a chronic situation.

It just continues to precipitate as an inflammtion over a |ong
period of tinme.

But interestingly, if we gave the Pristane |onger
and longer tinmes after we gave virus, we found that the |atency
after Pristane remmined the sane. So this suggests that the
progressive events leading to the leukema all were precipitated
after the start of the inflanmation, and so in a way this
i nsertional mutagenic event was |aying rather dormant.

I just want to summarize the findings that we

learned from this inflammation experinent. The first one is
what | just told you. The effects of the provirus at the site
of the oncogene can renmain dormant until these cells are
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affected by other cancer promoting events, such as an
i nfl ammat ory response.

Now, the other thing we found, which to us was
rather ammzing, was that we could find proviruses integrated
next to the ¢ Mb locus as early as three weeks in the bone
marrow following virus injection, and we did this using a very
sensitive RT-PCR assay.

So it doesn't take a long time for the virus to
spread to hit the oncogenic site. |t may happen right away.

Another thing we found is that a mninum of one
provirus can be found in nmany neoplasns. This is just exanples
where we digested DNA and probed with a viral LTR probe, and you
can see these three are just endogenous background bands, but
these tunors have just single integrations as |I've tried to note
by putting a little red dot by them That's in na Mi |ocus,
and this is in the Myb locus. W had simlar kinds of things.

In some cases there are two bands, but they
represent the two LTRs from one virus.

Okay. Now | want to talk a little bit about sone
of our recent work in which we try to get a collaboration of
events to get a nore rapid |eukemia and understand how thee
events col |l aborate with each other.

So we're usi ng i nsertional nmut agenesi s in
engi neered mi ce. For exanple, we give retrovirus to transgenic
mce that mght be carrying an activated oncogene or we inject
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mce -- I"'msorry -- inject virus into mice that have a del eted
tunor suppressor.

Now, the reasons that we do this are to provide
proof that the genetic alteration in the nmuse is, indeed,
oncogenic in the case that it has no effect by itself.

And the other reason we did it is we can use the
cooperating genetic events at the insertional nutagenesis to
actually tag the site of integration and determ ne what the
cooperating event is.

The first exanple I'm going to show you here, we
had a human oncogene involved in acute nyeloid | eukem a, and by
itself it really didn't have nuch effect on the mice except
after 12 nonths, and so we gave it retrovirus, and then we could
accel erate the disease.

Okay. So the gene here is the CBF beta nice and
heavy chain gene, fusion gene in codes for an aberrant
transcription factor found on inversion 16 in acute nyeloid
| eukemia, and this occurs in 12 percent of acute nyeloid
| eukemia in man.

Now, Paul Liu at the NH who |I'm collaborating
with in this study, a while ago, in 1996, he generated a npuse
which he put the human MYHl1l sequences next to the mouse CBF
bet a. So you have a potential oncogene here that's expressed
fromthe endogenous nouse pronoter.

So he didn't really nmake a lot of alterations,
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This turned out to be lethal, enbryonically |etha
because it brought differentiation into the myeloid and |ynphoid
| i neages.

However, if you took enmbryo stem cells that had
this potential oncogene and he put it in blastocysts so that

they got chineras, after 12 nmonths, he started to see sone

| eukem a.

So we used a virus, 4070A virus, to accelerate
this disease. So with virus alone up to 12 nonths, this
particular virus in this system is not very oncogenic. So you

would only see the effects of the virus alone at |east after a
year, and effects of the oncogene alone were not seen until
after a year, but the conbination, he got about 40 percent
i nci dence, 40 or 50 percent incidence of |eukem a in about three
to five nonths.
This is another exanple from our current research.
W have wused the retrovirus to provide a second hit in
validation of a proposed human tunor suppressor pl5INK4b in
| eukemi a. The pl5INK4b is a cycle independent kinase inhibitor
and it's a tunor suppressor, a proposed tunor suppressor which
is hypermethylated in 80 percent of human AM., and in secondary
AML | believe it's at the 100 percent.
Mariano Barbasett's lab in Spain had made a
knockout of the pl5, and they didn't see any nyeloid | eukem a or
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even |ynphoid I|eukema, but they did se some extranedullary
myel opoi essi and | ynphoi d hyper pl asi a.

So we got interested in generating our own
knockout, which we did in NCI, and see if we could accelerate
the disease using retroviruses. So when we injected wild type
mce, we didn't see any nyeloid disease up to a year in tine,
but in the mice that had one allele knocked out or two alleles
knocked out, we had 15 to 18 percent nyeloid | eukeni a. Most of
these | eukem as were of the myel onbncytic |ineage.

Okay, and then the last part, 1'd like to talk
about some quite old data where we used a nonreplicating virus
to induce disease. Because | know that's part of the issues of
what we'll talk about today.

VWhat we did is we were able to induce erythroid
| eukemia without the helper virus. So this was a paper in
Science in which we were able to get a proliferative disease in
erythroid cells, and then later we showed that these were
mal i gnant, actually malignant cells, and even after that it was
found that they had insertional nmutagenesis in a very specific
site, and I'm going to show you a little bit nore detail about
this study.

So Friend erythrol eukemia traditionally was
induced by a conbination of viruses, one, a replication
conpetent hel per Friend virus. | describe basically what that
would be like, and a defective virus in which there had been
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reconbi nation from endogenous sequences in the nopuse cells,
deletion, and insertion to produce an aberrant protein called
gp52 and often called gp55.

This conbination of viruses, when it's injected
into mice, causes a rapid expansion of the erythroblast in the
spleen, but this is due to this gp52, which affected the
proliferation of the cells.

But within that popul ation, there are nalignant --
there's nmlignant transformation that can go on in these
erythroblasts, and it blocks the differentiation, and there's
further expansion.

But the question early on was whether this was due
to helper virus or not, and so we did sone experinents where we
-- let me back up.

So we denmpnstrate this malignant transformation
stage of the cells by doing transplantation into other mce, and
we could see an outgrowh of these cells, the transforned cells
in the omentum which is a fibrous connective tissue near the
spleen, but it shows that they don't have to grow any nore in
the spleen in a normal environment, but they are autononous and
grow ot her pl aces.

So we wanted to know if the first or second stage
di sease could be carried out with helper free virus, and these
studies were done a long tinme ago, right after Richard Milligan
and his coll eagues nmade the Psi-2 packaging cell [|ine.
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And now there are nore sophisticated packaging
cell lines, of course, but this again, was done quite a while
ago. W transfected the SFFV genone, the plasma into these
cells. These cells have a nurine |eukem a virus, which has all
of the genes, except that it cannot be packaged because it has a
deletion in the packagi ng sequences.

SFFV that was produced from these cells, but not
hel per virus, and we tested to make sure that there wasn't any
hel per virus by infecting NIH3T3 cells for five days and then
| ooki ng for envelope proteins from helper, which is gp85, which
is produced by the helper virus, the replication conpetent
virus, and then of course, this defective gene which we wanted
to transfer.

Now, this shows the positivity of both of these
proteins in the Psi-2 cells, and over here after infection of
the NIH3T3 cells we had only the gp52 and no hel per virus.

So this helper free vector was injected into mce
and got very large spleens due to erythroblast hyperplasia, and
thee were also tested for lack of replicating virus by taking
the spleen and neking cell-free extracts and injecting theminto
mce to see if it got disease, which it did not, and put them on
Nl H3T3 cells to test, again, for whether there was replicating
Vi rus.

Then in a subsequent study we |ooked to see if we
had evidence of nmlignant transformed cells wthin this
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eryt hrobl ast popul ati on. This shows the results of such a
st udy. This is the results of the primary disease in NFS and
BALB/ c mice.

We took these spleen cells and passed them on to
ot her nouse recipients and | ooked for growth in the onentum and
you can see that we had a very high positivity even in the
primary spleen, primary transplant.

We devel oped cell lines from these sanme
transfornmed cells, and again looked to nake sure that there
wasn't any replicating virus, evidence of the envel ope protein
that would be produced by the hel per virus. And you can see
that it was negative.

Now, these studies were conpleted in 1986, and it
was a couple of years after that that it was published that
erythrol eukemia is induced by the Friend virus conplex, usually
had integrations in the Spi-1 gene, which is also known now as
PU- 2.

And this was done in Pierre Tanboran's lab in
France, and they sent us a letter. They |ooked at our we called
t hem nonproducing cell lines, and this is just a letter show ng
that, indeed, | think about 50 percent of our nonproducer cell
lines had integrations in this |ocus.

This data was confirned also later by David
Cabott, who al so devel oped helper free system and induction of
SFFV di sease and al so had integrations in Spi-1 and PU-1
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I'"'m just going to summarize now what | presented
to you today. Retroviruses are capable of activating oncogenes
by integrating next to or near these genes and activating them
transcriptionally so that they are expressed.

These activating events can collaborate wth
previous or future oncogenic events in the cell to induce
| ymphoi d, myeloid, or erythroid | eukem a.

Chronic inflanmmtion in a nouse nodel is shown to
pronote neoplastic progression in conjunction with retroviral
mut agenesi s, and evidence |'ve provided in a nouse nodel that
replication defective viruses can integrate into DNA, activate
an oncogene | eading to overt |eukemn a.

And | think this last issue will also be addressed
by Dr. Baum |l ater.

Thank you.

(Appl ause.)

CHAI RMAN  SAL OMON: Okay. So sone discussion of
this. Dr. Cornetta and then Dr. Coffin.

DR. CORNETTA: Dr. WIlff, two points | think are
very relevant about the Pristane npdel that you showed. I
remenber reading those and being somewhat concerned because it
showed two things:

One, that you were getting disease in an adult,
and in general, for Maloney disease you're injecting into
newborn mnice because as you showed today, that you don't get
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And, two, it seemed to change the tropism of the
di sease where Ml oney type is often caused T cell, and rel evant
to our discussion today is that when Maloney is put into newborn
mce, it's usually the T cells that becone nalignant. Wen it's
been injected into nonkeys, they develop T cell |ynphoma. And
the case we're talking about today, again, is a malignancy of
the T cells.

So maybe could you give us your thoughts about,
one, how age of this in a sense newborn child who's been
affected might be playing into the role here and, two, about the
general tropism of LTRs and how that might be affected in regard
to the case we're discussing today?

DR. WOLFF: I think part of what you're saying in
how the viruses -- you get different diseases or either you
don't get disease and then you get disease depending on the
situation, and it's very, very conplex, and | think a lot of it
has to do with what the collaborating events are, for exanple,
Mal oney giving disease in the adults and causing myel oi d di sease
i nstead of |ynphoid.

What was the other question? |'m not addressing
it directly.

DR. CORNETTA: I think it was just both age and
then the tropismof the --

DR. WOLFF: Well, | don't know how it plays in
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human, but in nmouse the age factor has to do with the imune
response, is my belief. Usually if you -- wusually we inject
nm ce as newborns. I do for nobst of ny experinents because the
nouse doesn't have a chance to nount as good an inmune response
agai nst the virus, and | don't know how that would play a role
here.

DR. CORNETTA: One of those reasons to ask,
because probably the discussion later today will not only be on
this application to SCID, but we're really tal king about all the
fol ks who might be getting retroviral gene transfer experinents,
and so | just wondered if --

DR, WOLFF: O course, | think that in the nouse
that i mune response that the virus first plays nore of a role
when we have replication conpetent viruses that are expressing
envel ope genes.

DR. COFFI N: I"m curious about the nunerology in
your | ast experinent. A back- of -t he-envel ope cal cul ati on woul d
suggest that you have to infect primarily a few mllion cells to
have a reasonable probability of conng anywhere near the
oncogene that you identifies.

Was the nultiplicity that high or do you think
actually there has been, even though you can't see replication
conpetent virus, that there night be sonme notion of the virus in
these cells due to conplenentation w th endogenous envel ope
genes and things of that sort?
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DR. WOLFF: Well, let ne explain in a little bit
nore detail about the experinment. That m ght help answer the
question for you. These nice were given phenyl hydrazine. I

didn't give all of these details, which causes the erythroblasts
to proliferate a lot and go out into the blood stream

So what we think we were doing was infecting these
cells in the blood stream You might say that's artificial
but, | mean, to conpare that to putting cells in the culture
vi si on (phonetic) and putting virus right on them then --

DR. COFFI N: So what was the actual nultiplicity
of infection of the animal, of the cells? Do you know?

DR. WOLFF: | can't tell you unless --

DR.  COFFI N: I mean, do you think it was high
enough? Do you think it was high enough to have put a provirus
down with that frequency next to your Spi-1?

DR. WOLFF: | have to say | was amazed by it when
it happened, but | think so, and | think if there was
replicating virus there, it would have showed up in all of those
different tests we did.

DR. COFFI N: But there is the possibility of just
conpl emrent ati on by endogenous envel opes, not that there's nmuch
of that stuff known in this particular nouse, but --

DR. WOLFF: Confrontation to spread it, you nean?

DR. COFFIN: Well, just if you have a cell which
has started to proliferate because it's being driven by gp55, if
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that cell is then -- also can express in an envelope, | forget.
The gag ad pol gene is good in Friend or is there another
deletion in there? Can they nmake particles?

DR. WOLFF: No.

DR. COFFIN: Okay. But you could still have
enough scatter genes t hat could gi ve rise to some
conpl emrentation and allow that cell to be reinfected basically.

DR. WOLFF: Well, in theory, and then you could go
back and | ook at those cells and see if there's any other virus
conponents.

DR. COFFI N: That was the question | was | eading
up to. Well, no, the other virus conponents. | mean, there are
endogenous proviruses of all kinds in those cells, npbst of which
are defective. Sone may not be as defective.

I nmean, the reason | ask that is because this is
maybe a little bit different fromthe human situation where it's
much less likely that that endogenous sequences woul d exi st that
woul d allow that kind of an anplification, but it might happen
in that nouse nodel .

DR. WOLFF: I think the fact that we got disease
that readily would argue against it, but it's just hypothetical
at this point. W'd have to |look at the cells in nore detail to
see.

CHAI RVAN SALOMON:  Well, actually your experinents
where you took the spleen and nade cell free extracts and
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adoptively transferred entities that were in your area, but
anyway, to mice or to NIH3T3 cells, those would argue against
essentially a viral pseudotyping, wouldn't it, John?

DR. COFFI N: Well, there you'll give a secretion
of replication conpetent virus very well. That's fine, but |
don't think they would argue against sort of intracellular
conpl emrent ati on which might allow some | ocal nobvenent.

CHAI RVAN SALOVON:  Ms. Bal |l ard?

MS. BALLARD: Am | correct in assunming then all of
t hese nodels were done on mice that had fully functional inmune
systens as opposed to any of the SCID mice nodel s?

DR. WOLFF: They were essentially what?

MS. BALLARD: Fully functional immune systens in
the mce on all of these nodels.

DR. WOLFF: Yes, yes.

MS. BALLARD: None of the nodels were done on a
SCID -- the SCID nouse?

DR. WOLFF: No.

Can | j ust make anot her coment t hat in
relationship to information and its role, | got interest in
doi ng those experinments because | worked in a |aboratory of

M chael Potter, who just by giving Pristane to mce? It caused
the translocations of the Myc locus in plasnocytonas. So it's
just another exanple how inflammation can contribute to the
di sease, cancer.
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MS. MEYERS: I"'mtrying to understand this as a
layman. So let me tell you what | got out of it and tell me if
I"'mwong and correct nme in anything that | say.

In this series of experiments, you and other
i nvestigators have admnistered viruses to animals, and they
have conme up wth a wde variety of diseases, not just
| eukem as, because | see there's mammary cancers and so forth in
here, but | think it's nostly | eukem as.

DR. WOLFF: Mostly henat opoi etic.

MS. MEYERS: So since gene therapy is nostly done
by using engineered viruses, is it possible that other people
who don't have severe immune deficiency may cone down wth
| eukemi as or other cancers because of the engineered viruses

that were given to then®?

DR.  WOLFF: It's always possible, especially if
you're putting theminto hematopoietic cells. | think there's a
di fference, t oo, t here. They're not al ways used for

hemat opoi etic cells.

MS. MEYERS: So there's no reason to believe that
what we see in this experinment in France with severe conbi ned
i mmunodeficiency jut applies to SCID, right? | nean --

DR. WOLFF: Right.

MS. MEYERS: -- there are people with all kinds of
di seases getting gene therapy.

CHAI RVAN SALOVON:  Well, okay. So right there we
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could go off into a very inportant discussion. So we'll get to
this, Abbey, later.

MS. MEYERS: Yeah.

CHAI RMAN SAL OMON: Because the whol e question now
is what's the target for your gene therapy, and depending on
what your target for the gene therapy is what happens to that

target in ternms of its life cycle in the patient who gets the

gene therapy, and that will have everything to do with assessing
the risk, and we'll discuss that.
M5. MEYERS: Ri ght . I just want to say that |

feel that we owe an extra neasure of regard to all of the people
who are alive who have volunteered for gene therapy throughout
the years, and they should all be told about this risk and
checked for it because there may be ways to avoid it or there
may be ways to treat it if they come down with some kind of
cancer.

CHAI RMAN SALOMON:  That, again, is sonmething that
we need to get to, and conceptually, of course, that's
absol utely correct. In reality we'll have to discuss how
practical sonething like that -- | mean, how we could really do
something |ike that.

MS. MEYERS: Years ago, FDA was supposed to create
a registry for all gene therapy patients. That was eight years
ago they were told to do it by Congress. They haven't done it.

Do you want to say sonething?
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DR.  NOGUCHI : Specifically, we think there's
roughly 150 other trials that use retroviral vectors not for
SCI D. The initial evaluation was for the trials that nost
closely resenble the trials in France, and we put the active
ones on clinical hold.

We have gone back, and we are actively review ng
not just the reports that had come in, but we're re-reviewng
all of the reports for the other trials. We are not conplete,
but we are, | think, pretty conplete on the active trials.
We're now going back to the inactive trials based on our
records, and I'll get to your point that you're going to bring
up.

So far we have not seen anything yet of a |leukenm a
or a |lynphoma that was not already present in the person being
treated. That could change obviously as tinme goes on.

W will, in fact, be contacting our sponsors to
tell them of this event. W're working on the |anguage for that
and having the sponsors contact all of the survivors as well as
any famly that may have been entered in these trials.

So in the short termwe are doing that part of it
in terms of notifying the conmunity, especially of those who
have been treated with the retroviral vectors.

The separate question of a registry w thout regard
to the timng of it, we do understand, and | think that this
di scussion clearly illustrates that the concept of being able to
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not only address the imediate, but also past recipients of a
product that may have consequences not predicted originally is
absolutely solid. W don't have it yet.

CHAI RMAN  SAL OMON: I'd just make the additional
comment that within a week of this going public, we are having
this neeting, and that's another good way of making it very
clear the kinds of questions that are being asked at the highest
[ evel in the FDA So that's the point | tried to nake earlier
thi s norning.

Okay. Dr. Cornetta and then --

DR. CORNETTA: Just a quick follow up, too, since
I was in French's |lab when their first patients were done wth
the TIL (phonetic) trial and have been involved with sone other
trials, too. This is not sonething that necessarily is
unanti ci pat ed. This is something which we have known is a
concern and have continued to nonitor in inforned consent of all
the trials that I'"ve known and just talking to other
i nvestigators around the country. This is included in the
i nforned consent .

So as we talk to the patients or subjects about
participating in retroviral trials, this concern is sonething
that has been comunicated to them So it's not sonething that
I think is new to them but obviously, it's sonething we've
al ways been concerned about. We just didn't know what the
frequency m ght be.
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CHAI RMAN SALOMON:  Dr. Sorrentino.

DR. SORRENTI NO Yes. I would just also like to
respond to Ms. Meyers' conments by just pointing out that the
data that was just shown in the animal nodels had sone very
i mportant differences with what we do in patients. Many of the
tunors were seen with wall type replicating Ml oney viruses. M
understanding is that was done in the inflammtion nodel.

And secondly, sone of the tunors were seen in mce
that had been engi neered to have pre-oncogenic | esions.

So | t hi nk, you know, that distinction is
i mportant to keep in mnd here.

M5. LORI KNOWES: | just want to change the topic
just a bit and put on the table sonething for later, which it
seens to ne that this experiment and Alain Fischer's question
about the inportance of pedigree; it seems to me that this
experiment brings that again out to the forefront, and we need
to think about issues of eligibility and informed consent with
respect to the role of famly pedigrees.

CHAI RMAN SALOVON:  That's a good point.

Dr. Fischer, are you still on the line with us?

(No response.)

DR. FlI SCHER: Well, then what 1'd like to do is
just, because | feel like we need to keep on going here, to
thank you very much and go on to the next talk, which is from
Dr. Christopher Baum
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Have | got this right? | was going to attribute
you to the Hanover Medical School. Yeah?

And he's going to talk about his experience with
nyeloid leukemia following retroviral transfer of the dLNG-R
gene into murine hematopoietic cells.

So you got one page in Science. I guess we're
doing you a favor by letting you have a bunch of slides. That's
good.

DR. BAUM I'"'m going to talk about a case report
of leukema that we observed in mce following a preclinical
gene nmarking study, and on behalf of all the people involved in
the work, | would like to thank the commttee for being able to
share the data with you in nore detail than we could publish.

And | should say that this is not just another
group of German opponents against current U S. policy, but
rather this is a group of people who really have a vivid
interest in pronoting gene therapy, and that's why |'m quite
happy to be able to join all the Cincinnati Children's as an
adj unct professor recently, to work with Christof Kalle and
David Wl liams, pronoting also the field.

Okay. So, however, we have to be aware in
pronoti ng gene therapy that there are risks associated with this
technology, and we are talking about today about oncogenic
progression related to insertion nutagenesis, and | tried to
sumuarize the data briefly, and this just sumarizes actually
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what Linda Wl ff has presented to you.

The risk of an insertion to pronote oncogenic
devel opnent has been deternmined to be in the range of about ten
to the mnus seventh per insertion in human TF1l | eukem a cells,
but note these are already malignant cells.

It has also been shown that insertion nutagenesis
as just seen from manifestation in numerous ani mal nodels, but
never ever has a single insertion sufficiently explained
mal i gnhancy, and accordingly no disease induction was reported
using replication defective vectors designed for gene therapy in
numerous preclinical and clinical trials probably -- and this
is a rough estimate, maybe far higher the nunber -- involving
mani pul ati on of nore than ten to the 12th henatopoietic |ynphoid
cells.

That says probably nore than 100,000 cells wth
activated oncogenes have been put into patients and animals
wi t hout ever giving rise to manifest side effects.

And | would sinply cone up with the hypothesis
that either a side effect of the transgene or, of course, active
vector replication or mybe a kind of +too strong cel
replication is required for inducing pathogenesis.

So we have an interest in selection narker
technol ogies. So we set up an ani mal experinent where we | ooked
at effects and side effects of different marker genes proposed
for human gene therapy for various purposes.
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And so what is of interest here is primarily the
results obtained with one of those vectors that expressed the
truncated | ower nerve growh factor receptor gene. |'ll explain
to you in a mnute what that is.

We designed a nouse experiment with long-term
foll ow-up where we manipulated only about ten to 30 percent of
the input cells to have one integration or two per manipul ated
cell only. Then we follow up the nmice for about seven nonths,
and in order to have a nore |ong-term observation we pool ed the
marrow of the initial recipients and distributed this to
secondary recipients so that we have an anplification step of
the cells through secondary bone marrow transpl antati on.

And note that the cells have been pool ed. So an
event happening in one of those animals is now distributed to
all subsequent aninmals, and there was either, you know, affinity
sel ection involved or not, and then we observed the mice for
another five nmonths until final analysis, and by the year after
gene transfer, some of the animals in this group, they were
obviously sick and -- oops, sorry. I junped to the end. It's
not this short, the talk.

(Laughter.)

DR. BAUM And they were obviously sick and cane
dowmn with large spleens, and there was disturbance of spleen
architecture, infiltration of blasts in the peripheral blood.
They had what |ooked |ike and was confirned to be a nonocytic
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| eukeni a.

And actually all of the recipients, secondary
reci pients of this LNGFR nmarker group came down with | eukenia at
vari ous stages. Six had an overt disease. Three had
dyspl astics or pre-| eukem c alterations, and one only
m croscopic blast islands in the spleen

In summary, what has been published, it's
i mportant to note that this disease had a very long latency. No
di sease was observed in the first cohort, which was observed for
seven nonths.

Al'l secondary recipients devel oped in the disease.

The | eukemia has been shown to be transplantable to a third
cohort wthout lethal radiation, but it ends up in a |ethal
di sease soon, after three to four nonths.

It is nonoclonal, as you will see in a mnute, in
origin, but has a heterogeneous kinetics in secondary
reci pients, and however, always we get the sane identica
entity, AM., of the nonocytics, subtype and trial

It has been shown that the clone has a single
vector insertion. The vector has been intact and continues to
express LGNFR We had insertional activation of an oncogene
You'll see that in V1, and the PCR -- the several data |like PCR
and functional cell biology data and Southern Plot data excluded
the activation of exogenous or endogenous nouse |eukenm a viruses
as far as possible.
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So the vector i ntegration, EV-1, has been

confirmed by the -- found by the |abor of Christof Kalle to be

in this case in the first noncoating axon. Upstream activation

use is translational, start codon, and the clone originated from

one of the primary recipients and then was found in all diseased

ani mal s.

Oh, sorry again.

So what is EV-1? It's a conscription factor, a
known oncogene which has sone endogenous expression of limted
stem cells, but when it's wectopically expressed, it blocks

granul ocytic and erythro differentiation and pr onot es

megakar yocyte, not typically nmonocytic differentiation.

The activation has been inplicated in human

myel odyspl astic syndrome and AM. Usually this 1is often

i mature and not often DMb phenotype, and transgenic nice exist

that are at increased risk for I|eukema, kind of dysplastic

hemopoi esis, but require further events to develop conplete

| eukem a.

So this is not sufficient to explain AM. Mb.

Of course, the gene had been really activated.

This is a Northern Blot showing the activation by RT-PCR It

was found that several Kkinds of activations took place either

fromthe three prinme LTR or fromthe five prime LTR involving a

spliced event, including the retroviral spliced donor.

So EV-1 is not sufficient to explain the | eukem a.

The Mo subtype is unusual. W did exclude RCR involvenent. So

(202) 234-4433
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what may have been the second teat here, and we are stil
puzzl ed concerning this story.

We thought what about the transgene involved.
This is a gene involved in human gene therapy with lynmphocytes
so far. It's been derived from the neurotrophen, |ower
conti nual neurotrophen receptor P75, and to make this an inert
cell surface market people clipped off the intracellular signa
transduction domain before its function was known.

It turns out later then by the work of other
people that this is a pro apoptotic domain, and in fact, the
artificially generated LNG of our narker gene |ooks |ike human
endogenous genes of the sanme receptor famly, the TRAIL fanily

There are pro apoptotic TNF receptor related genes, and there
are some human endogenous genes that | ook like LNGFR where this
cytoplasmic donmin is deleted, and they have an anti-apoptotic
decoy function.

And also it's interesting to note that LNGFR nay
be shattered because its anchorage in the menbrane is not very
strong, and there is another nenber of this sane receptor fanmly
known as osteoprotegerin, which acts as a sol uble decoy receptor
for other cytokines.

So this may still bind the |igand since the Iigand
bi ndi ng domai n has not been del et ed.

VWhat is known about the role of this receptor?
This associates at the heterodinmer with Trk receptors. Trk
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receptors are turacin kinase receptors for a neurotrophin, such
as nerve growh factors and related cytokines, and these as
typical turacin kinase receptors confer a signal that this
provi des the survival of proliferation.

Now, the association with the wild type form of
P75 neurotrophen receptor from which our nmnarker was devel oped
leads to an increased binding of neurotrophen and increased
signaling for this pathway here, but in addition, at the sane
time it pronotes a signal t hat gi ves nmore rise to
differentiation or even can be pro apoptotic.

And this receptor can bind all known neurotrophens
and cooperate with the different, mre specific high affinity
receptors.

Now, we woul d expect bal anced troph (phonetic) as
the outconme of the subject configuration, and then a paper in
1994 has shown that when this LNGFR marker was co-expressed with
the wild type drug receptor and found reurotrophens, that in
this configuration this gave rise to transformation of
fibrobl asts.

So this data has never been reproduced by anybody
so far, but also never challenged by experinents. We're going
to try to reproduce the data, but as far as the literature says,
this is a partial oncogene we would say and not just an inert
mar ker .

How is the configuration now |looking at cells?
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Well, they do express LNGFR, expressed from the retroviral
vector. We have evidence by Northern Blot for TrkA expression,
and now it's inportant to know that TrkA is typically expressed
i n nmonocyt es.

Sonebody has a nonocytic | eukem a here. So this
may be endogenous expression of TrkA, and now we end up with the
same configuration that was shown in pretransformed fibroblasts
to give rise to their real transformation then.

And what about neurotrophens in henopoiesis? The
grow h factors are expressed in t he bone mar r ow
m croenvironment, also in the |ynphatic system There are many
serotypes that can produce them and here, again, it's to show
that TrkA, the receptor is typically found on nonocytic cells,
and we think this created the bias for developing this unusual
nmonocytic |leukemia in conjunction with EV1 activation.

Al though the data have to be concerned, this is
all hypothesis right now, what | tell you. Drug receptors are
known to play a positive role in human |eukem a also. They can
be found in many human | eukem c cell 1lines.

Signaling has not been investigated in great
detail here, and there are these two papers and one paper that
ha an indirect evidence that human |eukenia drug receptors can
be i nvol ved in | eukemi a  progression, one i nvol vi ng a
translocation or nutation of TrkA receptor that nakes it
constitutively (phonetic) active.
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So these data suggest the possible role of this
signaling system and the nutant forns of those receptors in
human | eukem a devel opnent, but | should note that for
applications in I|ymphocyte cells, so far there's no concern
because this receptor system has never been shown to be able to
transform | ynphocyt es.

So all of these oncogenes, of course, act in a
cont ext dependent form

Now, when we put this together, how can we

interpret our finding here? The insertion site, | think, has a
very highly likely <causal role, but of course, it's not
sufficient. The role of the transgene, | would suggest that

this is really cooperating here in the manifestation of the
di sease. O hers challenge this hypothesis.

The role of the vector architecture need to be
di scussed. This is a retroviral vector that has absolutely got
follow and function (phonetic), only the LNG for our nmarker
gene, but we designed it in a way that only the splice donor was
present and it was accepted because these records have the
hi ghest titers in our hands, and we know that there is a splice
event going on from this splice donor to a downstream receptor
in EV-1.

So when you woul d have a strong splice acceptor up
front here, this may reduce the risk, and this leads nme to two
general remarks regardi ng vector design.
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First of all, there's no integrating vector system
known that has a |lower risk than retroviral vectors for inducing
i nsertional mutagenesis. This should be enphasized. We don't
have any alternative technology in our hands that is as well
characterized as retroviral vectors.

But they have a certain risk, of course. So how
can we inprove the retroviral vectors? W could try to alter
their configuration. W will discuss this maybe in the
afternoon, and the perfect vector would look like this set.
Instead of having enhancer and pronote elements at the end of
the long term and repeats, there should be a strong insulator
signal that does not allow any influence on neighboring tromatin
(phonetic).

However, so far nobody has shown that fromall the
type of insulator sequences that have been described that these
are able to plot the effect of an enhancer sitting in a trans-
stream (phonetic) on a downstream or upstream sequences has to
be tested.

So | think currently when we talk about using
self-inactivating vectors, this is not the solution for |ack of
data to show that these are really safer. W always end up with
a residual risk of wvector insertion that could destroy an
endogenous stream irrespective of vector configuration, ad it
remains to be tested how alternative vector designs would be
safer.
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The safest vector, of course, is one where you can
regul ate conscription by chenmical inducers, but these are
currently not available for clinical work.

So what about other risk factors? Fi ve- FU
exposure of donor cells by retroviral gene transfer has to be
considered, and this specific experinment, this is not is not a
strong nutagen. It's a common procedure, has never been shown

to pronote |eukenm a nanifestation, but there may be one or two

somatic mutations introduced into our |eukemic clone -- who
knows? -- by this procedure.

And | think inportant is to discuss first
expansi on in our case t hr ough seri al bone mar r ow

transpl ant ati on. This is the same within the work that's shown
with chronic inflanmation. VWhat ever you do to force expul sion
of a cell that has a nutation will increase the risk that this
wi Il end up supporting malignant clone.

And we have to consider our clinical setting
relates to this problem

Peopl e say observations from rodent cells have no
meaning for human cells because the pathways are a bit nore
conplicated, but |lead to consunmati on of human cells.

We would be cautious here because the data that
are on basically from one group and others are primarily from
epithelial cells and not from transformati on experinments wth
stem cells, and specifically the role of the telonerase system
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may be different between rodent and human cells when it cones to
mature cells, but we don't know whether it's simlar in stem
cells between these two organi sns.

Inplications for other cell types are another
i mportant discussion, of course.

So nore general views, | think that it remains to
be said really that not every insertion nutagenesis is expected
to result in tunor formation. This is just a nodel, what nmay
have been going on in the nouse or also in the patient.

Initially a clone is introduced that has two hits,
an activation by insertional activation of an inborn oncogene
and a second hit that is sonehow related to a side effect of the
transgene, if it is only to lock a bit apoptosis of the cell in
t he engraftnent period.

Because we would expect that in the first two to
three months or so we would anyway | ose nore than 99 percent of
the input cells because they have a limted |life span, but also
that we, with our current technol ogy, we manipulate far too many
cells. It would be nuch better if you would have technol ogies
to really enrich the pure stem cell fraction, come down to
mani pul ate only 10,000 cells per patient, and then the risk
woul d be minute in terms of insertion nutagenesis.

Now, if this conbination of events allows a cell
with a limted proliferation potential to have a nore unlinited
potential, then the risk increases, and if you then have a
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sel ective expansion pressure on the cell, the risk increases to
accunul ate nore nutations, and this wll reduce the probability
of extinction of this clone, and so on, wuntil you have a

mani fest problemin the patient.

So the inplication is try to define the stemcell
popul ation better that we manipulate and try to define the
m ni mum dose of cells needed for each patient and try to define
saf e expansi on profiles.

Concl usi ons. Again, to be repeated, insertion
mut agenesi s is not sufficient to i nduce mal i gnant
transformation, but there is a potential for cooperation wth
side effects of transgene products.

High proliferative activity of the target cells
may prompte nmanifestation, and on top of this, conditiona
endogenous or exogenous oncogenic factors are probably required.

So this has some consequences regardi ng poi nt one.

We should keep vector in cell dose as low as
possible and as high as required. This is easily said and
remai ns to be worked out in appropriate nodels.

Vector inprovenments may reduce the risk somewhat,
maybe 80 percent or so, but never 100 percent.

W need to develop risk classification of
transgene. | think this is an inportant step. To what extent
does a transgene cooperate with insertional activation events?
There may be low risk transgenes and no risk transgenes, |ike
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purely netabolic genes, or others that have a higher risk that
are active in different signaling cascades.

And we, of course, still have to cone down with a
ri sk-benefit evaluation for each application of interest. So
that says that this is really asking for multi-center research
which takes a few nore years, but still, clinical studies are
required to date, and we have to define sinmply the risk-benefit
evaluation with the avail abl e technol ogi es.

Thank you for your attention.

(Appl ause.)

CHAI RMAN SALOVON:  Thank you.

Dr. Coffin?

DR. COFFI N: Yes, very nice talk. Actually with
regard to your last point, | think there's a substantial anount
that can be done in preclinical nobuse nodels to get a nuch
better handle on what kinds of vectors, self-inactivating or
whatever, mght, in fact, have lower probabilities of doing
this.

I think sort of taking the Ilead from your
experinments, it should be possible to develop quite attractive
mouse nmodels | think that will tell us quite a bit.

DR. BAUM Ch, vyes. Also one could combine it
with the nodels that you developed to | ook on the inference of
insertion sites for targeting of retroviruses, activation of
transcription, but this is just, as | said, knd of long term
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research goal .

DR. COFFI N: Ri ght, exactly. I have actually a
simlar question to what | asked Linda WIff, and that is the
nunmer ol ogy. How many hits were actually admnistered to the
original five mce? How rmany proviruses were there in the cells
that were put back in?

DR. BAUM W transplanted the mce with a mllion
cells per nouse, and that's says the first core just got five
mllion cells, and we know that after this manipulation under
the culture conditions that we had there were maybe only 50 stem
cells.

That's why | think that our clone did not arise,
in fact, from a nutageni zed stem cell. The likelihood then to
hit EV-1 is very small here, but rather from a nore mature
progenitor, and that, in fact, this conbination of events that |
suggest to happen here at this otherw se short-lived progenitor
to beconme long lived and establish --

DR, COFFI N: So your initial multiplicity of
infection in those million cells was how much? Do you know?

DR. BAUM Miltiplicity was just two, and we ended
up with one vector insertion. W --

DR. COFFIN: So you put in two mllion proviruses
do you think?

DR. BAUM Yeah.

DR. COFFI N: In the total cell population you put
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in?

DR. BAUM Yeah. This was a mxture of
anthiltropic (phonetic) and VSV pseudotypes, and these were the
i nfection conditions that end up in one or two insertions per
target cells.

I should mention that the vectors were produced
from Phoeni x human 293T cell based packaging cell. So there is
no way that endogenous nouse retroviruses have been transported
by the vector system

DR. MACKALL: So you've obviously done a |ot of
t hi nki ng about what the nature of the second hit can be, and
assum ng you' ve got a pati ent Wi th severe combi ned
i munodeficiency, who we know has high circulating |evels of
Interl eukin-7 and now has been given the gamm c¢ gene, which can
very efficiently transduce this signal. As best you can tell,

woul d this be sufficient for a second hit, this "on" signal from
this growth factor?

DR. BAUM It certainly helps the manipul ated cell
to survive, of course, but | cannot say whether this could
somehow pronote translocations or mutations.

I think it would be good if you put the final safe
away (phonetic) of nobst |ow expansion of the cells, like in the
ADA SCI D patients. You could give an exogenous ADA, limting
levels, and this way somehow prevent a tool and force
proliferation of the corrected cells, but this is pure
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specul ation. W need experinental data to see which approach is
best .

DR. TORBETT: I know you said that in the
transformed cells the NGFR receptor was transducing signals.
Was that true in cells that weren't transduced? Did you do
studies showing that the truncated receptor can transduce
signals in primary cells which have not been transduced?

DR. BAUM \here the signals were different in the
mal i gnant versus nonmal i gnant cells?

DR. TORBETT: Ri ght. So you had to have a
transformation before it was acceptable --

DR. BAUM Right.

DR. TORBETT: -- to be able to transduce the
si gnal s. So a nonmelignant hi t would nmake the cel
nonresponsive to signals via the reporter gene product.

DR. BAUM Vell, we are currently investigating
this area. W didn't have the reagents, and we tried to address
this issue.

Also in «cell culture based nodels there is
speci fic cooperation of the oncogene with the signaling pathway.

This is conpletely unknown right now.

DR. TORBETT: | see, and the second question is on
vect or design. Since many tinmes insertions are in active genes
that mght or might not close later, what is your feeling that
putting insulator elenent or other kinds of elenments that wll
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keep a chromatin area open way past when it should have on the
bearing of vector design?

DR. BAUM Well, the data, some people are sitting
here that are working with those vectors. We don't work with
them The data that are owned are somewhat controversial. They
show sone potential of the insulator sequences, but it's still
insertion site dependent, whether they are really dom nant,

acting as insul ators.

And so far people only [|ooked on whether
nei ghbori ng sequences could nmodul ate vector transcription. It's
uncl ear whether the other way around. Vector transcription is

no |longer affecting the neighboring sequence, and this is nore
difficult to investigate.

CHAI RMAN  SAL OVON: The i nsertion in this
particular truncated NG-R construct within this Evi-1, which is
ecotropic viral insertion site one --

DR. BAUM  Yeah.

CHAI RVAN SAL OVON: -- | nean, you kind of passed
over that. Is that still a random event that depicts an
ecotropic viral insertion site or is that not a random event?

If it's not a random event, if there's not a
homol ogue of Evi-1 in the human, is that relevant at all then to
t hi nki ng about human risk?

DR. BAUM So what we are confronted here is a
cross-match with the literature, not with experinmental data in
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our hands. It's conpletely unclear whether this is the |ocus
that has an increased risk of retrovirus vector insertion in the
nouse, and if so, whether this would also be true for the human
| ocus.

There is a recent very elegant study of the
Bushman |ab where they studied H'V vector insertion. It's
published in August in Cell, and they found that this is also
only sem-random and affects ~certain |oci at i ncreased
l'ikelihood.

Again, it needs to be studied whether these |oci
are nore dangerous or |less dangerous loci conpared to the
average locus. So these data still have to be accunul at ed.

DR. COFFI N: Let me just expand on that a little
bit. Once again, in the paper in Cell the effect actually
wasn't that great. It was a factor of about two enhancenent
into transcribed regions as conpared to random events, and it
wasn't in the specific site. It was occurring in very |arge
regi ons of the genone.

So for all practical purposes it's nmuch safer and
nmore reasonable to consider the effects to be random and you
will be correct to within a factor of two or so as far as that
goes.

CHAI RVAN  SAL OVON: So th fact that this is an
ecotropic viral insertion site --

DR. COFFIN: That's just its nane.
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CHAI RVAN  SALOVON: - - a different kind of

ecotropic virus? |It's not a retro?

DR.  COFFI N: That's just its nane. It was
identified in -- 1 believe I mentioned Jenkins and Neil Copel and
originally.

DR. BAUM It might be, as far as | renenber,

Germali's (phonetic) |ab.

DR. COFFI N: Vel |, it mght have been a
col | aboration between the two actually, but that's just the nane
of it. It's basically just one of a long |ist of oncogenes that
has been identified by virus insertion, and as far as we know in
many cases the sane gene has been identified in different
species in mce and cats and chickens and the sanme genes in many
cases have been found to be activated by chronosonal
transl ocati on or other means in humans.

So there's no reason not to believe that this
particular gene -- there's no reason to believe that this
particular gene is a specific target for integration, and
there's no reason not to believe that this gene is also present
i n humans. I["'m sure it is, but | just don't know for sure and
could not also be an activation target in humans.

CHAl RVAN SALOVON:  Dr. Kalle

DR. KALLE: | briefly wanted to comment that the
original locus that they described picking this up was farther
away fromthe Evi gene than what we have described. So in terns
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of the DNA, it's actually not the same integration |ocus at all.

CHAI RMAN  SALOMON: You didn't find the human
homol ogue to Evi-1 in any of your 60 or 80.

Okay. It's ny pleasure to introduce Dr. Stuart
O kin from Harvard Medi cal School and Dana Farber, who is going
to talk about the role of LMX2 gene in hematopoiesis and
Leukem a.

And no pressure, sir, but then we go to lunch.

DR. ORKIN: Thank you.

It's good to be here, and this for me is another
chapter in the gene therapy story. A previous chapter is shown
here on the slide.

| apologize. It |ooks better on the computer here
than it des on the screen, but this summarizes a comment, a
smal |l paragraph in the 1995 report that | co-chaired with Arno
Mot ul sky on the assessment of gene therapy at that tine.

And for those who can't read it, it says, "Because
clinical experience is so limted, it is not possible to exclude
long term adverse effects of gene transfer therapy such as night
arise from nutations when viral sequences randomy integrate at
critical sites in the genone of somatic cells. It nust be noted
t hat multiple integration events resulting from repeated
adm nistration of l|arge doses of retroviruses theoretically pose
a risk for |eukemc transformation. Only long-term clinical
followup of treated patients can provide data on the long-term
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safety of gene therapy protocols."”

I don't think we could have guessed seven years
ago that we'd end up today in this discussion. At least |
didn't think it would come at this point.

I want to nmake one aside and say that what we
advocated in this report was careful study and follow up, and I
woul d applaud the FDA and Dr. Fischer and all of the colleagues
for the detailed investigation that's going into the case that's
bei ng di scussed today. I think it really is precisely what was
advocat ed back even years ago.

Next slide. Do | control the slides? OCops. Aml
in the right -- ah, good, thank you.

So what we're discussing is |leukenma, and | want
to enphasize that I|eukenmia is a derangenent in blood cell
devel opnent, and this is a standard cartoon of what adult bl ood
cell development |looks like, and the critical <cell is the
hemat opoi etic stem cell, which self-renews and gives rise to
progenitor cells, and then all of the mature bl ood cells.

And over the past decade a trenendous anobunt has
been | earned about the basic workings of cells largely in the
mouse, but |'Il argue that the workings are identical in the
human because there has been a question as to differences
bet ween npuse and human perhaps, but |'d argue that they're nmuch
t he sane.

And there's been a convergence of work on the
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basi ¢ under pi nni ngs of bl ood cell devel opnment and | eukem a which
will be obvious in ny remarks.

There are a nunber of genes which are all
transcription factors involved in gene expression, which |'ve
listed here as menmbers of the stem cell class. These are genes
that are essential in nouse studies for devel opnent or function
of henmat opoi etic stem cells.

And the critical point | want to enphasize here is
the genes with the asterisks are all genes that were identified
through the study of human |eukem as, indicating this close
convergence between |eukenia and normal blood cell devel opnment
and the mechanics of blood cell devel opnment.

So these genes were all discovered at chronosonal
break points, translocations, and LM is right there in the
nm ddl e. These genes are either deregulated or expressed as
fusion proteins in these translocation events, and curiously,
some of these genes are present together or have interactions
with one another which you mght not have predicted, such as
some are present in fusion proteins together. So two of the
genes, tel and AML1 OR runx, are found together in fusion
protein in childhood B cell |eukem a.

VWhat would be the chance of that randomy?
Probably rather lowif it didn't nean sonmething functionally.

In addition, sone of the proteins interact as
proteins thensel ves physically, and it's very inportant in terns
NEAL R. GROSS

COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

152

of today's discussion that one of the T cell |eukeni a genes, SCL
or tal, sonetines called interacts physically with LM, and
they are very tight partners in the cell.

These genes are all required in some way for
formati on, survival or maintenance of hematopoietic stemcells.

I nmentioned there are two different ways that
transl ocations can lead to |leukemia in hunmans. One is through
deregul ated expression, and the paradigm for that is the
abnormal expression of c-myc in Burkitt's |ynphonma, but we also
have the exanples of activation of SCL and the LMX2 genes in
acute T cell |euken a.

In addition, a number of the fusion -- the nore
common translocations activate expression of fusion proteins,
such as the bcr able in chronic biologics |eukema, which is
really the hallmrk of PM-RAR and APM., and then a nunber of

t he genes have many different partners.

Now, what is LMR2? And |'Il just give you some
bull et facts. LMO>2 is called a transcription factor. It was
formerly called Rbtn2. A nunber of these genes have nultiple
names in the literature. It was discovered by Terry Rabbits’

| ab, but also by Roya Picora (phonetic) nore than ten years ago,
I believe, or just about ten years ago at breakpoints of 11-14
chromosomal translocation in patients with T cell |eukenia.

The translocation brings the LMO2 gene under the
control of the TCR delta |ocus on chronmosome 14, and thus, the
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regulation of LMX2 is deranged as it's under the expression of
other regulatory elenents, but it's inmportant to enphasize that
the normal protein product is produced in that translocation.

LMO2 is a LIMonly protein. A LIMis a form of
zinc finger, but this LIM domain nediates protein-protein
i nteraction. Al t hough LM3X2 participates in transcription, it
does not bind DNA. So it doesn't act on DNA directly by itself.
It needs to do that through physical interaction.

It participates in gene regulation through
physical interaction with other proteins, and one of the npst
critical proteins or the best studied in that regard is SCL,

anot her |eukema oncoprotein involves in translocations in

| eukeni a.

LMO>2 is normally expressed in hematopoietic stem
cells, red cell, and vascular cells. [It's normally extinguished
in lynphoid devel opnent. So the translocation maintains

expressi on where it ought not to be.

The LMO2 gene through gene knockout studies from
Terry Rabbits' lab is essential for all hematopoietic formation
and for some aspects of angi ogenesis.

The phenotype of the LMXR2 |oss of function, that
is, the null mouse, is identical to the loss of its partner
protein SCL-PAL, and in fact,, studies in ny own group suggest
that the function of these two proteins is only to interact and
to transnit a signal one to another.
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Transgeni ¢ expression of LMX2 and another protein,
LMOL, in T cells leads to T cell |eukema in the nouse, but only
after a very long |atency. Prior to the leukenia, there's an
inhibition of differentiation wth accunulation of double
negative T cells, and |eukenm a can be enhanced or the |atency
can be shortened by co-expression of the partner gene SCL/tal,
again indicating the cooperation of these two genes.

But | think this point enphasizes the expression
of LMX2 is not sufficient for |eukenia. They have been
cooperating in additional genetic events.

Finally, LMX2 is often expressed in human T cell

| eukemia, inmportantly even in the absence of recognizable
chromosomal transl ocati ons. | ndeed, it's the infrequent
situation in which the translocation activates the gene. The

gene is activated by other nechanisns presumably through a
regul atory network, and one of the forms of |eukemia in which
it's -- and 1'll show a slide later about this -- that where

it's frequently activated is in a leukema that's called Iyl

positive. Lyl is a gene that resenbles SCL. It's a close
relative, and the T cell Ileukenmias that are identified as
expressing lyl often express LMX®2 as well, and those do not have

a translocation involving LMXR2.

So this is where LMXR2 is required. It's required
actually in the earliest part of blood cell development to form
the hematopoietic stem cells, and it acts, again, in a protein
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conplex, and the initial identification of this conplex goes to
Terry Rabbits as ell in Canbridge, England, and this conplex
curiously involves a nunber of other players in hematopoiesis or
|l eukemia. It involves the SCL gene, which is essential also for
hemat opoi esis and which is deranged in T cell |eukem a

It involves the LMX2 gene that's being discussed
t oday. It also involves a GATA protein, and in fact, one of
these, GATA-1, can be mutated in negakaryocytic | eukem as.

It involves a partner of SCL which is also nutated
in a nunber of |ynphonmas. So this is a hematopoietic conplex
that is central for nmuintaining the honeostasis in proper
regul ati on during hemat opoi esi s.

Now, | eukenpgenesis by LMX2 has been studied and
seen in two situations. One in the top is that in the
transgenic nouse where the gene is expressed under T cel
regul atory elenents, and one gets a block of devel opnent that
the double negative cell stage, eventually leading to tunors
with presumably second hits of sonme sort.

And then in human patients when there's a
chronosomal translocation nediated at the stage that the RAG
gene is expressed, one then also gets T cell |eukem a

I want to enphasize what | said before, and that
is that msexpression d LMX is sonetinmes due to chronopsona
translocation involving LMO2 itself, but perhaps nore frequently
LMX®2 and other T cell oncoproteins are misexpressed in the
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absence of recogni zabl e transl ocati ons.

This is a recent paper by Ferrando in Cancer Cell
which just shows a nunber of sanples of T cell |eukema, just
sort of all coners, and it was from a gene expression profiling
study in which they show that a nunber of the T cell tunors in
this case express either LMOL or LMX2, and they're not expressed
in normal thynus.

And this brings up another point | made, is that
some subsets of T cell |eukenm a express LMX2 abundantly. Thi s
is a gene expression profiling or mcroarray chip, and this is
the lyl-1 positive form if T cell ALL, and one of the genes
that's consistently expressed in all sanple is LMXR. It's
sporadically expressed in sone of the other subtypes.

Now, this is a |ess sophisticated version of what
we've heard in probably the two previous talks, but | just want
to make a couple of points. First is that the insertion of the
retrovirus in nouse and presumably as well in human
hemat opoietic cells leads to its consequences by deranging or
abnormal expression of neighboring genes, which can be due to
dom nant influences of the regulatory sequences contributed by
the retrovirus or by interference with the regulatory elenents
of the gene itself.

And | think one could inmgine al nbst any scenario
whereby an integration event could alter the expression of the
resident gene in which the retrovirus is integrated.
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Two recent studies that have been published using
the susceptible mouse strain so that they're sort of pre-
engi neered or pre-chosen, to | ook at genone line susceptibility.

Two studies have recently been published, both in Nature and
Cenetics, and what they indicate is that in one study at |east
150 different loci were tagged or identified as potentially
col l aborating to give | eukema in an ani mal.

And in the second study there are many unique
sites that were identified, and specifically 17 previously
identified commpn integration sites were seen and 37 at |[east
characteri zed.

I think the only nessage | want to transmit from
this is there are potentially nunerous sites within the genone
whi ch can contribute or cooperate with sone other event to then
give |eukeni a. And | think this kind of cooperation is
certainly being dissected in a nunber of |aboratories, and |
think we'll see quite a bit nmore of this.

But | think the nunber of genes that contribute
are probably nore than we nmight have guessed a nunber of years
ago, and certainly nore than | would have guessed seven years
ago when we wote the gene therapy report.

So | just want to neke a few concludi ng conmmrents.

LMX®2 is a bona fide target for T cell |eukenpgenesis either
t hrough chronosonmal translocation or secondary to changes in the
regul atory network. So | think relevant to the case today, |
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think it's the insertion of the retrovirus into that site |
would think is highly likely to be related in sone way to the
outcone in phenotype.

The long latency of LMX2 nediated |leukemia in the
nmouse suggests that additional genetic events are required for
the onset of |eukemia, and in the leukema field, it's quite
clear now that many somatic nutations which are found in
| eukem a arrest devel opnent of cells, the normal maturation, and
then second events often lead to a proliferative signal wthin
those cells to cooperate to generate |eukem a.

So | wonder whether a block to differentiation
perhaps by expression of LMX2 night be conplenented by a gene
that converts proliferative or survival advantage to the cells,
and obviously in this case a gene has been introduced into the
pati ent which gives a selective advantage to the rescued cells.

And | wonder whether that isn't a double edged
sword in this particular instance.

Finally, LM is representative of genes that are
required for hemmtopoietic stem cell formation and naybe
function, and it is certainly enriched in hematopoietic stem
cells, at least their expression.

So one wonders whether |loci of stemcell expressed
genes night be somewhat nore accessible than the average gene to
retroviral integrations.

We've al ready heard of discussion about how random
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is integration, but naybe a few fold difference in accessibility
m ght actually be inportant in thinking about these kinds of
events.

I"l1l stop at this point and take any questions. |
t hi nk peopl e probably want to eat | unch.

Thank you.

(Appl ause.)

CHAI RMVAN  SALOMON: Thank you for a very nice
presentati on.

Questions? Dr. Coffin.

DR. COFFI N: Let ne make a coment about nulti-
hits. It's very clear in many cases for retroviral activation
of oncogenes that a second hit need not be either sinultaneous
or preexisting; that often the first hit -- what the retrovirus
integration at a specific site, for exanple, an exocemc
(phonetic) dose alone, nust be sufficient to initiate the
process to the extent where second hits and subsequent hits
becone inevitable.

So, in other words, it nust be sufficient to if
not induce nmlignant transformation, at |east |ead to expansion
of that cell clone to the point where random nutation events
will now inevitably cause some sort of relevant second hit to
occur.

That may not be true. That's clearly not true in
all cases because in the cases of preactivated aninmals that were
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shown, for exanple, where you can have nmuch nore rapid
oncogenesis, and so clearly there are nore sites available and
the cell can expand nore rapidly if there's a preexisting hit.

But t he hi t need not be preexi sting or
simultaneous. It could be the cell could probably be conpletely
normal in that respect and still be inevitably subject to
activation by hits at |east at certain oncogenes.

CHAI RMAN SAL OMON: Yes. So consistent with that,
the LMX2 knockout aninmals that Terrance Rabbits did, they had a
really long latency period, |ike nine nonths.

DR. ORKI N: The transgenics. Yeabh, t he
transgeni cs have a very long | atency period.

CHAI RMAN SALOMON:  So that would go along with the
idea that there was a discrete point in time where there was a
hit, and then there was a long tine after that that selective
survival of the hit cell allowed another. Now, whether that's
inevitable --

DR. COFFI N: Exactly. That's certainly the nost
straightforward way to explain that observation

DR.  ORKI N: I think there's also another point.
At least with respect to the SCL gene, which is for all intents
and purposes much the sane, people have been trying to generate
transgenic nodels to show T cell leukema in a nouse, and a
nunmber of |aboratories failed until one |aboratory chose the
correct pronoter.
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So it's very sensitive to the tine of expression,
presumably the cell wndow in which the gene expression is
activated.

CHAI RMAN  SAL OMON: So | guess you guys need to
hel p me through one thing that came up earlier today, and then |
t hi nk, you know, we wll have acconplished al nost everything I
t hought we coul d possibly have gotten up till this point.

And that is what's driving transcription of LMX®
in this patient, and |I'm not convinced by what | heard, but
maybe 1'm just being dunb. So help me through why it isn't the
LTR of the transgene. That's the only thing that makes sense to
me from everything | know about LMO2 and the way this should
wor k.

DR. KALLE: Maybe | can coment to this. One
sinple reason is that the retrovirus is oriented reversely to
the structure of the LM32. So the retroviral transcript is
actually going upstream of the original gene locus and would
even if there were a fusion transfer of which we haven't seen
any evidence yet go basically through XM 2 and then out

DR.  ORKI N: Yeah, but presumably the retroviral
enhancer, the LTR enhancer could act at a distance on endogenous
and | guess there's also the possibility that an anti-singe
transcript mght change the regulation of LMX transcription
given recent work showing that anti-singe transcripts at |east
do seemto affect gene regulation.
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DR. KALLE: It could be enhancer or interruption
of regulatory sequences in that interim of course, could very
wel | .

DR. ORKI N: It's consistent with the nmpst conmmon,
I think, as Linda said, year or was about to say, is consistent
with the nmobst common nodel s.

DR. WOLFF: Yeah, the nost conmon  nodel s
enhancers, and actually in npst of the cases where the enhancers
are working, the virus is integrated in the opposite direction

from the gene, at |east especially when it's at the five prine

end.

So it's not surprising at all to ne.

CHAI RVAN SAL OVON: Well, good. Because, | nean,
what was bothering me was this nmorning | -- again, maybe | got
it wong -- ny inpression was that it night have been knocki ng

out an endogenous regul atory sequence, but that it wasn't due to
the virus in the --

DR. WOLFF: That can't be rul ed out.

CHAI RVAN  SAL OMON: No, | know you can't rule it
out, but | didn't like the idea that it couldn't be due to the
virus. That didn't make sense to mne.

DR. PUCK: I'"'m wondering if you could help ne
think about the possibility that varicella infection could have
provided another hit in this patient, and |I'm wondering -- |
realize LMXR2 itself is not expressed in |ynphocytes except in
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this one abnornmal integration cell clone, but perhaps some of
the interacting proteins that act in concert with LMX2 could be

i nduced in a | ynphocyte by an infection such as this.

DR. ORKIN: I think that is a question, whether
the other things have been | ooked at. I don't know whether Lyl
and SCL have been |ooked at. I mean that would be very
i mportant. If they were activated, | think that would be

addi ti onal evidence that something happened.

I don't know enough about varicella infections,
you know, nyself and imune responses, but | would inmagine that
the response could lead to the proliferation of a clone, which |
i magi ne would have preexisting hits in it, and that m ght
predi spose to anot her event.

But | would be reluctant to pin it on varicella
per se because | would imagine that this child would, you know,
over his or her lifetine come in contact with other viruses
whi ch can stimulate the i nmune system

So | think I wouldn't rest on that.

DR. PUCK: this is one of those perhaps bubbling
up issues. Varicella could be treatable, could be preventable,
and so if we know that's one bad actor, which we might |earn
from mcroarray data in other patients undergoing varicella
i nfection, that could be hel pful.

DR.  ORKIN: It mght be helpful, but I would
i mgi ne there would be a whole host of viruses that you would
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not be able to | ook for a priori.

CHAI RMAN  SAL OMON: And the other point here is
that when you've had consistent up regulation of LMX®2, we know
that you get T cell ALL. So that | don't really follow a direct
reasoning that varicella per se created a hit because we know
that these other cases of T cell ALL that's been associated with
LMX2 expression, this endogenous |eukemia is due to the
transl ocati on, not associated with viral infections.

Okay. Lunch. It's a little after 12:30. It's
12: 35. At least | did change ny watch, right? This isn't
California tinme. Okay.

So one o'clock, a few mnutes after one o' clock?

PARTI Cl PANTS: That's 25 minutes.

CHAI RMAN SAL OMON: That's 25 mi nutes. that's too
fast? Well, that's why we have discussions.

Thirty minutes? Eat as fast as you can.

MS. DAPCOLI TO | believe there is space reserved
for the panel so that they can get a quick lunch in the
restaurant.

(Wher eupon, at  12:40 p.m, the neeting was

recessed for lunch, to reconvene at 1:30 p.m, the sanme day.)

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

(202) 234-4433

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON. D.C. 20005-3701

165

www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166

(1:34 p.m)

CHAI RMVAN  SALOMON: Okay. G ven the fact that
usually nmy double tine rule, you know So | said to be back at
one o'clock and it's 1:30. That's about right.

Anyway, |'d like to get into the afternoon
session, and obviously ny interest, | think the whole point of
this is to get to the discussion of the questions, and so |
think you guys did a fantastic job this mrning and | really
appreciate it. It make ny job actually very easy.

Today we now have three talks from a group of
expert investigators who have direct interest in this whole area
of gene therapy trials, and so it's very inportant to put the

design of their trials and choice of patients, et cetera, on the

same page now as the stuff we've discussed up till now.
These three talks wll go one after another
wi thout any question or discussion, and then we'll have a

di scussion, sort of the general characteristics of these three
ar eas.

After that we'll have the open public hearing.
We'll talk about that in a nonent, and then go into the
commttee's questions and di scussions.

So the first speaker of this after lunch session
is Don Kohn from the USC Children's Hospital, Keck School of
Medi ci ne: gene transfer for ADA deficient and X-1inked SCIDs at
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the Children's Hospital of L.A

Don.

DR. KOHN: Thank you, Dan.

I"mgoing to tell you about three clinical trials.

The first one was perforned under M ke Blaze's original gene
transfer trial between our group at Children's Hospital and the
NIlH for ADA deficient SCID, and working with Christof Kalle, we
have sone new findings that are relevant to the discussion of
thi s norning.

Then 1'I1 tell you about the second trial, which
is a second collaboration between our group and people at the
NIH, Fabio Candotti, Cindy Dunbar, with ADA gene transfer, and
that's one of the trials that's in process that's now on hol d.

And then the third trial I'll just talk about
briefly is done by one of ny colleagues, Kenneth Winberg, and
that's for X-linked SCID, and that is also on hold with no
patients enrolled.

So just a little nore background in ADA deficient
SCI D, and we've heard sone of this this norning already.

SCID is the causae of ADA deficiencies that cause
about 20 percent of SCID, and |ike other forns of SCID, wthout
early treatnent, there's nortality, and bone marrow transpl ant
can be curative with a higher success rate with a matched
sibling donor than with a T depleted haplo or a match unrel ated
donor .
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And 1'Il talk a couple of comments about enzyne
repl acenent therapy. PEG- ADA is an enzyne replacenent therapy
that can restore and sustain imunity, and I'Il give you sonme of

the data on patients on that.

It certainly can sustain immunity, but it's
expensive, in the range of 200,000 to $500,000 per year per
patient, and it requires twi ce weekly intramuscul ar injections.

And just sone data. Again, Dr. Buckley really
covered this this norning.

The outcome for ADA deficient SCID is not as good,
I think, as a subset, and this is data that Dr. Buckley provided
to us during our discussions with the RAC about the risk to
benefit ratios, and this was the data as of about, | think,
early 2000 or 1999 at Duke.

At that point there were 12 patients that
underwent haplo BMI for SCID. Two had died from CW infection
they presented with. Three had been nonengrafted and went on
PEG ADA, and seven were surviVving.

And so, again, to put it into context, this
represents a 16 percent nortality for these patients, although
it probably wasn't transplant caused, 25 percent nonengraftnent.

So of 58, 68 percent cure in this subset. | think the updated
nunbers that she showed today were in line with this.

And then to summarize the PEG ADA data, M ke
Hershfield, who is the guru of this, published a review article
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of this in 2000, and to that point 95 patients had been treated
at sonme point with PEG ADA between March or April of '86 and
1999.

And at the time that this article was witten, 59
patients were under treatnent. Two adults with |ate onset of
ADA deficiency diagnosed sort of late in [ife had stopped PEG
ADA, and 15 patients taking PEG ADA had died, again 16 percent
nortality.

Of these 11 were infants who presented critically
ill with SCID, who died shortly after starting PEG ADA, and
again, this nmakes the point that for many of these patients the
infection that leads to their diagnosis my be something that
will be fatal before any therapy can get them good inmunity.

Three patients though on PEG ADA died some years
| ater. Two had preexisting lung disease from years of inmune
deficiency, and one from an unrel ated cause.

And then 19 patients actually stopped PEG ADA to
undergo bone marrow transplants. I  know, for exanple, in
Canada, there's been sone push to get patients off this very
expensive drug and to have them have a bone marrow transpl ant.

So the first trial that we did in 1993 used
unbilical cord blood as the source of CD34 cells for three ADA
deficient SCID neonates. CD34s were isolated and using the
technol ogy of that year, they were cultured for three days with
the vector in growth factors that we now know are suboptiml for
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stinulating stem cells, and there was no support layer |ike
fibronectin Iike we would now use.

And the cells were given |V back to the patients
Wi t hout cytoablation, and the patients were started on PEG ADA
in the infant period.

And this is data from one of the patients. Thi s
has been published, showing the gene narking. So this is
| ooki ng over the first four and a half years. We're now over
nine and a half years out fromthis procedure.

And what you see is that over time the frequency
of PBMCs, the circles containing the gene rose up to around one
to ten percent, and if we split those out by FACS sorting from
the PBMCs, T cells showed the high marking, whereas nopnocytes,
the Ms that are in here, were not increased simlar to the |evel
that we saw in the granul ocytes.

So we saw a preferential increase in T cells.

Over this tine, we were slow ng weaning them off
their enzyme therapy at this point. At four years their PEG ADA
in this child was held for a two nonth period. And during that

time, once we stopped the enzynme, we saw basically that

bi ochenmically he becane as he was as a neonate. |n other words,
he was still generally ADA deficient. So his plasma ADA and red
bl ood cell nucleotides rose showing there was not a large

effect fromthe gene transfer.

However, during this brief window at least the T
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cell nunmbers and proliferative responses to PHA were stable, but
the T cell response to tetanus antigen and the nunbers of B
cells and then K cells declined more than tenfold.

So it appeared that PEG ADA was what was keeping
the B cell function going and not the gene transfer.

The gene marking the T cells remained at the sane
Il evel, but then two nonths afterwards the patient devel oped an
upper respiratory infection and thrush and was placed back of
PEG ADA and has been on PEG ADA since that tine.

And so the data that has been referred to a few
times, and Christof showed another colored version of this slide
earlier, this is data where he has now gone back and | ooked
through this patient as well as the second one in the trial for
their clonal integrations. So this the LAM PCR net hod that you
heard about this norning.

VWhat we see in patient one in their PBMCs,
al though there are nultiple integrants, there's a predom nant
single integrant seen in the PBMCs, as well as in the T cells,
and at late tinmes also in the nyeloid cells.

Patient number two has a few bands, but different
ones, and so it's not just that this is a consistent artifact of
the nethod, and in fact, what this suggests is that this patient
had just a few gene containing stem cells transduced, and has
this al nost nonocl onal pattern.

And to sunmarize nore data analyzing this patient,
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as | just showed you, the LAM PCR reveal ed the stable presence
of a predom nant vector integrant in T and nyeloid cells over
the past eight years, wth no changes in the patient's
| ymphocyte counts. There hasn't been any rise in |ynphocytes
associated with this.

And T cell clones were grown from the peripheral
blood of the patient eight years after the procedure, and
| ooking at the clones, 13 out of 220, or six percent, contain
the vector, which is about the level of marking we had seen on
PCR of the bulk cells, and of those 13 gene containing clones,
ten had that same predom nant integrant.

But | ooking at those clones, there were different
T cell receptor rearrangenent patterns seen anong the clones
with the predom nant integrant. So all of these data together
are dfferent than what you heard this nmorning about a single
mature T «cell proliferator or a single immture T cell
proliferating.

Here it appears that there was a single pre-thymc
stem or progenitor cell that accounted for the nmjority of the
gene nmarking, and so this is another exanple of a relatively
nonocl onal pattern t hat doesn't go al ong with t he
| ymphoproliferation.

And the patients all remain well on full dose PEG
ADA at the present tinme with gene marking persisting down to
eight years, and as | just showed you there's oligo and
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nmonocl onal narki ngs seen.

And we also observed in this trial that there was
no detectable vector expression when we just took PBMCs fresh
from the patient, but there was a higher level of expression
fromthe PBMCs after they were stinulated ex vivao with PHA and
IL-2, suggesting that the vector was off in the mature
circulating T cells.

So that work then led to a second trial seven
years later done, again, in collaboration with the N H. Fabi o
Candotti is the Pl on the study for the NIH, and |I'm the Pl at
Children's Hospital.

And in this trial that opened last year, it's a
Phase 1 study for ten patients, and the way the protocol was
witten was to be conservative and keep the patients on PEG ADA.

And so an entry criteria is that the patients have to be on
PEG ADA at the tinme of enrollment, and it's for ADA deficient
SCI D neonates or children, and we target CD34 cells from either
cord blood in neonates that was available or from their bone
marrow in chil dren.

Qur gene transfer methods have evolved as the
field has to using a retroviral vector in a GALV pseudotype
using growmh factors that we think are better for transducing
early stemcells on retronectin serumfree.

And then witten into the protocol is a phased
wi t hdrawal of PEG ADA after one year if gene marking is present,
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and the protocol calls for a two year active phase foll ow up.

And the study is wusing actually two retroviral
vectors. They're relatively simlar. The nuances are nore for
the aficionados in the field. They're both basically Ml oney
based retroviral vectors driving the human ADA gene. Qurs has a
couple of mnor nodifications in the LTR that seem to help
expression in the nouse, and it's not clear whether those nake a
difference in the human.

And we had developed this vector, and Fabio's
group had devel oped that vector, and so both have been produced
at GW grade, and each patient gets both vectors. So the CD34
cells from each patient are split, and half of them get our
vect or. Hal f get the aher vector to see if either affords a
better result in the patients.

So the objectives of the trial are, first of all,
to assess the safety, the toxicities from the procedures, the
bone marrow harvest, the reinfusion of the cells. We | ook for
replication conpetent retrovirus and for other toxicities.

Then we would docunent progenitor transduction
engraftnment by DNA PCR, gene expression by ADA enzyne and RT-
PCR. As | nmentioned, we conpare the relative nmark of the two
different vectors, and then look a immune function as PEG ADA
is wthdrawn.

This is an outline of the study diagram and
again, | think for nost of the trials it's relatively simlar.
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When ADA deficient SCID patients are identified and they're
di agnosed as a confirned, first of all, they would be excluded
if they had a nedically eligible HLA-matched sibling. Since the
results are so good with matched transplants, those patients are
excluded fromthe study.

And then the patients would start on PEG ADA or
continue it if they are already on it, and then there would be
the informed consent process, screening test to determ ne
whet her the patient is eligible. Then because there is a bone
or a harvest involved, there's an assessment of the preoperative
st at us.

Then there's a bone mrrow harvest for the
children, cord blood for the newborns, and then isolation of
CD34 cells, transducing with the two vectors, half the cells
with one, half with the other.

Then the cells are nmixed together. The final cel
product is characterized and infused IV into the patients, after
which we then assay peripheral blood samples for safety and
toxicity endpoints and for the frequency of transduced cells.

So this is the denographics on the patients so
far. Four patients have been enrolled and undergone the
procedure, the first in Septenber of '01, the last in January of
'02. They are significantly older than the patients in the
Fi scher study, ranging from four years up to 20 years of age.
And these are the nunbers of cells that we obtained from their
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bone marrow per kilo, and I'll come back to that.

And in the first patient right before we were
ready to do the transduction, there was a question of one of the
tests, and so the other vectors to that first patient only got
one vector.

These are the data of the gene marking in the
patients that we have analyzed so far so that the patients are
di spl ayed. Two, oh, one was done first. C was done at
Children's Hospital. N neans done at the NI H.

And what you @an see is that the level of gene
marking in all of the subjects is relatively low, in the range
of one cell in 10,000 roughly, and in fact, in the patient 201C,
who we have now foll owed out to a year, the blood sanples at ten
mont hs and 12 nonths were negative by TagMan anal ysis, so bel ow

the limt of detection for gene containing vectors.

The other patients still have marking at the tine
points we've analyzed, and the patients are all still on full
dose of PEG ADA which would  blunt any selective

advant age.

And so, you know, at this point we would say that
there appears to be sone stable level of marking and potentially
if PEGADA was wthdrawn, we would see an increase in the
mar ki ng frequency in the T cells.

And so the findings in the study so far is that
four subjects have been enrolled and underwent the procedure
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wi t hout significant adverse event. There have been low |evels
of ADA gene containing peripheral blood in nononucl ear
(phonetic) cells present in all the subjects in the first three
to eight nonths, but it has beconme undetectable in the first
subject at ten and 12 nonths.

There have been no significant changes in either
direction in |ynphocyte nunbers or function other than sort of
their normal fluctuations.

And there's a planned PEG ADA wit hdrawal after one
year if gene marking persists, and so in the first patient where
gene marking is not detected at the present tine, she's
remai ning on her full dosages of PEG ADA.

So then | just want to tell you briefly about a
third study that's at Children's Hospital, Los Angeles, although
this has not yet been opened, and as | said earlier, the Pl for
this study is Kenneth Weinberg, and |'ma co-investigator on it.

And it's simlar in design to our current ADA
trial. It's a Phase 1 study, up to 12 patients for XSCID
either neonates or children, targeting either wunbilical cord
bl ood for the neonates or bone marrow for children and using the
same gene transfer nethods that | described earlier with two
years of active followup and lifelong foll ow up.

And, agai n, simlar kind of endpoints and
obj ecti ves. The Phase 1 endpoints obviously to look for
toxicities. The efficacy endpoints are to |look for engraftnent,
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to look for expression, to evaluate immne function, and Ken
also plans after the patients -- if they denonstrate stabilized
engraftnment, to assess their ability to respond to a neoantigen
by inmuni zation with Phi X174, which is a neoantigen that we have
used as a test of the ability to make new anti bodi es.

And the vector is a simlar kind of retroviral
vector with slightly nodified LTRs, but just the CDNA in a
basi cal |l y NLV backbone.

And the protocol, again, is simlar to the one |

showed you. %XSCID infants with no matched siblings would be
begun on appropriate antinicrobial prophylaxis. Parents woul d
be nmet with to discuss informed consent. Patients would be

screened for eligibility to assess the preoperative status of
bone marrow harvest would be done. The <cells would be
transduced, infused, and the endpoints would be foll owed.

And the exclusion criteria, first of all, is other
formse of SCID. So they have to denmponstrate a gene defect in the
gamma C gene. They would be excluded if they had a nedically
eligible HLA identical sibling for transplant.

Some patients with XIlinked SCID can present with
mat ernal graft versus host disease, where they've acquired sone
mat ernal | ynphocytes at the time of birth, and if that's severe,
that would conplicate the analysis, and it would probably be an
exclusion and in our center would probably be an indication for
giving them at |east nonoclonal antibodies again for T cells or
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ATG in a transplant. And then other sort of organ function
excl usi ons.

And then where the status of this trial is that
the vector has been produced and certified at the National Gene
Vector Laboratories. The cytokines have been purchased and
certified. All of the regulatory oversights and approvals
basically are approved and in place, but the trial is not yet
open due to the clinical hold.

So if | just may have one mnute for ny
phi | osophi cal wei ghi ng. VWay in this one subject in France has
this occurred?

We have tal ked about a nunber of these. Is it
just a stochastic integration event and just a bad luck event in
this patient at sone frequency, either genetic predisposition,

redi sposing factors? |Is it related to the disease of a gene?

And the point | really want to make is | think an
i mportant consideration is the age of the subject. This is the
youngest of the subjects in the current trials. It was one

month old, and that correlates with getting a very high CD34
dose.

And so over here | plotted, and it's probably hard
to read the graph in the back. The age of patients in gene
therapy studies that have been published recently and our study
as a log function, if that's possible, versus the doses of CD34
cells that were obtained.
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And what you can see, for exanmple, in our two
ol der ADA patients, the 16 year old and the 20 year old, we got
very low doses of CD34 cells per kilo, whereas the French
pati ent number four and five who were under six nonths of age, |
believe, both of them the cell doses were a |log or nore higher

And | think this is a correct finding that younger
kids have nmore CD34s in their marrow. They are also nore
actively dividing, and therefore, the deficiency of transduction
is higher, and then, of course, young children have very active
t hymopoi esi s.

And so | think that one of the factors that needs
to be considered is that things may be very different for a one
month old or six nonth old than for a five year old or a 15 year
ol d.

And | guess the questions with these large cell
doses avail able, would a | ower dosage of cells decrease the risk
and do we need to think about dose limting, how many cells we
gi ve?

And then the other question that's raised by the
Mlan study for ADA deficiency where they gave chenotherapy
beforehand is does marrow cytoreductive conditioning reduce the
risk by allowing effective inmune recovery with the [ower cel
dosage or does it increase the risk by increasing the
proliferative demands on transduced stem cells?

I'"I'l stop there. Thank you.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

181

(Appl ause.)

CHAI RVAN SALOVON:  Thank you, Don.

As | said, we'll give all three talks, and then
questions will be address to sort of the whole group.

So the next talk is from Dr. Brian Sorrentino and
Dr. John Cunni ngham This is Dr. John Cunningham and this is
gene transfer for JAK 3 deficient SCID.

DR. CUNNI NGHAM  Okay. Thank you.

I'd like to thank everybody for inviting us. My
name is John Qmnningham |'mfrom St. Jude Children's Research
Hospital, and what |'m going to talk to you about today is a
joint protocol between ourselves at St. Jude Children's Research
Hospital and Rebecca Buckley's group at Duke University Medical
Center.

And one of the first issues that has come up at
this meeting this nmorning is what is the risk of gene transfer,
retroviral gene transfer, when it cones to hematopoietic cells.
So as many of you are aware, we at St. Jude have been
interested in gene transfer for over ten years now, and |
thought | would just briefly sunmarize in one slide our
experience with gene transfer in 133 subjects.

O those, 64 are still alive, and 69 are deceased.

In the 133 subjects, 49 received henatopoietic stem cell gene
transfer, and of those, 32 are still alive and 17 are deceased,
with a followup of two to ten years. And we have not observed
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any retroviral associated adverse events.

So al t hough many of these subjects were transduced
with retroviruses in an era when retroviral genes transduction
wasn't as efficient as perhaps it is today, | think this
provi des sone information about the potential denomi nator for
the risk-benefit ratio for gene transfer in human subjects.

CHAI RMAN SALOMON:  Can you clarify one thing? 1'm
guessing these are not all JAK 3 deficient.

DR.  CUNNI NGHAM No. I'"m sorry. These are all
our gene transfer studies, and nost of them are gene marking
studi es. Excuse ne.

Most of these patients had nmlignant diseases.

There were sonme with genetic disease where marking was used as

wel | .

So on to JAK 3 deficiency, and as you heard this
norni ng, the comon gamma chain -- |1'm not sure if this is
working -- but the common ganmma chain deficiency represents

about 45 percent of children with SCID deficiency.

However, another disease which we have become
interested in is JAK 3 deficiency where seven percent of
children with SCIDs have a deficiency in this gene.

This gene is involved in nodulating the response
tothe IL-2, IL-7, and IL-4 receptors as shown in this diagram

So Brian Sorrentino's group at St. Jude has
studied a genetic nodel of JAK 3 deficiency generated by Jim
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Eil ey (phonetic) at St. Jude and has shown three things. The
first thing is he's shown that in a paper published in Mdicine
in 1998 that in a nyel oabl ated host, nouse host, when the JAK 3
hemat opoi etic cells were transduced with the retrovirus, he
could correct the i munophenotypic defect.

He subsequently showed that this protection was
transl at ed into protection agai nst i nfectious agents,
specifically influenza.

More recently he's shown that in a non-
nyel oabl ated mouse host, he can al so show protection. So this
stinulated us to generate a clinical protocol, and it's very
simlar to the one that Dr. Kohn has described for a common
gama chain deficiency in which we plan to enroll approximtely
six patients, and the followup is exactly the same. So |I'm not
going to go into the details.

And we were just about to submit this study when
Dr. Buckley at Duke identified a patient with JAK 3 deficiency
who had under gone t wo unsuccessf ul T cell depl et ed
hapl oi denti cal naternal bone marrow transplants, and so it was
felt at this stage that since the mternal bone marrow
transpl ant wasn't working that we shoul d consi der gene transfer.

So let ne tell you a little bit about this child.

Wen we becane involved at St. Jude with Dr. Buckley on this
case, it was a 14 nonth old nale infant who had been admitted to
Duke University Medical Center in April 2001. The clinical
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course was characteristic of SCIDs with recurrent infections,
including severe oral noniliasis, and the patient also had a
vacci ne derived varicella infection.

There was no family history of inmunodeficiencies.

The parents were related. The child had no full nmatched
si bli ng. So it wasn't possible to use one of them as a
transpl ant  donor, and unfortunately only the nother was

avail able as a fanmily donor.

So these were the findings at diagnosis: an ALC
of 700 per mllinmeter cubed -- cubic mllineter; serum
i mmunogl obulins which were deficient; and flow cytometry was
characteristic of JAK 3 deficient SCIDs.

Of specific note, there was functional deficiency
in responses to PHA, CON Kaplan A and poke week m togen
(phonetic). And ol ecul ar di agnosis and i mmunobl otting
confirmed that this child had JAK 3 deficient SClID.

So the «child was comenced on intravenous
acyclovir and alpha turacin B. However it had persistent
Candi da esophagitis and intermttent varicella |esions, and over
the next few nonths, starting in My 2001 and subsequently in
Cctober 2001, the child received two haploidentical maternal
transplants in exactly the same fashion as Dr. Buckley described
this norning, and the dosage of nononuclear cells received in
both doses was approximately 1.5 and four tinmes ten to the eight
nmononucl ear cells per kil o.
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The patient, like all the other patients described
by Dr. Buckley this norning, received no conditioning and had no
graft versus host di sease prophyl axis.

So what was the outcome of Dboth of these
transpl ants? Well, unfortunately, the child had no T cell
function, did not reconstitute T cell function, and did not
reconstitute B cell function, requiring nonthly IVIG infusions.

And interestingly, just one side point that has
come up this norning. In fact, this child did develop an
oligoclonal T cell alpha-beta proliferation which was transient
in nature, and this has been seen, and Dr. Buckley can address
this further, in many children, that they do develop these
oligoclonal transient proliferations.

So at this stage, because there was no
availability of other donors and because we had begun our
col | aboration related to JAK 3 deficiency, we considered the
ri sk-benefit ratio of going forward with a treatnent with
hemat opoietic stem cell transfer with a certified JAK 3 vector
that we had produced in collaboration with Ken Cornetta.

So we went to the FDA, the agency, in January
2002, and on February 12th, 2002, we infused the first
transduction of autologous bone marrow stem cells transduced
with the JAK 3 expressing retrovirus.

This product was selected on the Isolex device,
and unfortunately we got a very poor yield with this device, and
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we only infused two tinmes ten to the five CD34s per kil o.

However, our transduction efficiency was quite
highly effective at 55 percent CFU-C

Over the next three nonths we observed the patient
and observed no adverse clinical reactions. However, we were
not able to detect the retrovirus in peripheral bl ood
nononucl ear cells.

So in May of this year, we went back to the agency
and suggested that we could go forward with a second procedure
where we would do a nore extensive harvest and also use the
Clini MACS device, which in our hands has been highly effective
in selecting | arge nunbers of CD34 cells.

| should point out that Dr. Fischer's group has
used this device for CD34 sel ection.

The patient received a second infusion in early
June of this year of approximately 3.2 times ten to six CD34s
per kilo. | should point out that the transaction efficiency in
this approach was even higher at 85 percent.

The transduction conditions were very simlar to
those that were described by Dr. Kohn for the common gamma chain
and ADA trials.

Since that tinme we've seen no adverse clinical
reactions related to the gene transfer event, and we're now
approximately 120 days fromtreatnent, and unfortunately at this
stage we're still not seeing any T cell function, and we have
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several specul ations about why that is and we can discuss that
perhaps at the end of this period.

Just to point out before |I turn it over to Dr.
Sorrentino that this is what the T cell subsets look like in
this patient after the first transplant. There was a npdest
increase in CD3 cells, but nothing very significant. The axis
here is only 400, and this is the transient rise that was seen

in the al pha-beta cells.

Unfortunately, as | say, after the two gene
therapy procedures we still haven't seen a response. However, |
shoul d point out that 120 days is still within the tinme frame

that has been seen for reconstitution in transplanted patients
with allogeneic bone narrow.

I"1l just turn it over to Brian.

DR. SORRENTING | just have four slides here, but
I want to talk a little about the vector and the marking data.
The vector that we use is based on Bob Holey's nurine stem cell
virus vector, and it's a very sinple design where we're driving
a human JAK 3 CDNA fromthe promoter within the LTR

We did this for several reasons really. We have
extensive experience with this vector in preclinical nodels, and
it's clear that reporter genes are expressed in mce and in
rhesus nonkeys, both in stem cells, TMB |ynphocytes, and in
myel oid cells.

And since the gamm chain needs to be expressed
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both in early cells and pre-thymic cells, as well as in the
mat ure progeny, this seemed |ike a |ogical choice.

Furt hermore, the MSCV based JAK 3 vectors we've
shown are clearly therapeutic in the JAK 3 knockout nodel. So
that gave us further rationale for choosing this design.

Together with Ken Cornetta at |U National Vector
Lab, we derived a PGl3 clone that uses the GALV pseudotype,
using their standard procedure at the vector |aboratory, and
this clone had a relatively high titer of five tines ten to the

sixth particles on HelLa cells, and it also leads to efficient
transduction of CFUC derived from human CD34 cells.

This is a test of the vector, the clinical vector
supernatant that was used in the patient, on the patient's EBV
cells, an experinment that we did together with Joe Roberts and
Rebecca at Duke. You can see these are the EBV immortalized,
and this is a JAK 3 Western Bl ot. Here are the cells prior to
transducti on. Here's a nock transduced group. Here are vector
transduced EBV cells, and here are normal EBV cells.

Now, while it appears that the anmpunt of JAK 3 is
significantly less than in control, it's inmportant to know that
there's no selectable marker in this vector and really only in
about five percent of the EBV pool was transduced; that when you
normalize this degree of expression, the transduction based on
Southern Blot analysis, it's approximately in the range of
nor mal .
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This is the gene copy nunber data in the patient
at three points after the second transplant, day 34, day 69, and
day 111.

This is a PCR reaction that was run on a gel and
then blotted with a JAK 3 specific probe using prinmers that are
specific for the vector. One of the primers is in the vector
sequence, the other in the three prine part of the JAK 3 CDNA.

These are dilutions of the producer cells. So
this represents one copy in 100, one in 1,000, one in 10,000,
and one in 100, 000.

For controls, this is normal peripheral blood from
a volunteer, normal PGL3 HelLa in water.

And what we've been seeing is about one in 10, 000
copies per cell that have been really quite stable since the
second gene transfer procedure. It's interesting to note that
these are approximately the same copy numbers that Dr. Kohn just
showed in his ADA patients, and also this is approximtely the
copy nunber that's been seen in the French study in nyeloid
cells.

And this probably represents about how many
transduced autol ogous stem cells are present in an unablated
host and is quite consistent, | think, with these other studies.

So we are now at about 110 days post transplant,
and obviously disappointed that we haven't had i mmune
reconstitution in this patient, and we're considering what are
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t he possi bl e explanations for this.

One possibility is sinply that not enough time has
passed, and if you | ook at the published gene therapy data, sone
of these patients do reconstitute at 120, at 130 days post
procedure. So there's some possibility we'll yet see
reconstitution.

The second possibility is that the patient may
have a thymic defect that's leading to failure of T cell
maturation, and it's inportant to note that this patient did
fail to prior haploallogeneic transplants. So that would
potentially be consistent with the allogeneic results as well as
t he inability to establish i mmune reconstitution with
genetically corrected autol ogous cells.

Pot ent i al mechani sms  would include the viral
i nfection, the drugs that have been used in this patient, and it
has to be considered a possibility.

A third possibility woul d be inadequate expression
of the JAK 3 vector due to an unfavorable integration site
posi tion. Now, while | showed you were confident that this
vector expresses the protein in EBV cells, it wll be inportant
to establish whether o not the vector as it is integrated in
the domi nant clone in this patient is |leading to expression.

Now, our prelimnary results, it's actually been
difficult to detect the MRNA in RT-PCR reactions. However, it's
not clear if this is due to the sensitivity, which we're now
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goi ng back and |ooking at quantitatively, or whether, in fact,
there is no expression

So we should be able to resolve this. | would
consider it unknown at this point.

And one last possibility, | think, that was
alluded to in this morning's general discussion of vectors is
while we know that the sequence of the JAK 3 CDNA is nornal and
the plasma used to nmake the producer <clone, is there any
possibility that sone type of inadvertent inactivating nutation
occurred in this specific clone during the reverse transcription
phase?

So we're doing several experiments to prove that
the JAK 3 in this clone is wild type and functional. W should
have that information shortly and list that as a possibility.

And you know, the questions 1'd like to |eave
open, perhaps during the discussion period if anyone would Iike
to offer sone suggestions, we've obviously been discussing in
detail ampongst ourselves as, you know, what is the options for
this patient, which really are quite limted at this point or
none.

For instance, if the problem is due to a thymc
defect, would a thymc transplant be useful? O conversely, if
the problemis due to not enough transduced cells, would another
transpl ant be useful? Should both be done sinultaneously in the
absence of the known mechanismfor failure to reconstitution
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And | will note this patient, despite his ongoing
viral and fungal infections, is reasonably stable and grow ng
and devel oping, but has been an in patient for a significant
period of time at Duke.

CHAI RMVAN  SAL OVON: Thank you, and regardl ess of
how this conmes out, |I'm sure | speak for everyone here that we
hope your patient does well.

The third talk today is from Dr. Harry Ml ech and
represents work by he and Jennifer Puck, representing the
National Institute of Allergy and Infectious Diseases and the
Nat i onal Human Genone Research Institute and, agai n, is
di scussi on about gene therapy protocol with patients with XSClD.

DR. MALECH: I'd like to thank the comittee for
the opportunity to speak today.

What |'m going to discuss is our protocol, ex vivo
retroviral gene transfer for treatnent of X-linked severe
combi ned i nmune deficiency. Jennifer Puck and | are partners in
this protocol, and what distinguishes this protocol is that it's
for treatnent of patients with persistent i mune defects despite
al | ogenei c bone marrow transpl antation.

I'"m going to go through this very quickly because
this just remnds the group that bone marrow transplantation is
the current standard of therapy for SCID. There's 60 to 90
percent survival, obviously better than this, the upper end of
this with HIA matched sibling donors, which is really available
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to only 25 percent of patients; |ess success with hapl oi denti cal
from a parent or matched unrelated donor; and as Dr. Buckley
poi nted out, better outcome with diagnosis and transplant by |
found it to three nonths of age, and her data was 3.5 nonths.
Linmtations of hapl oi denti cal bone mar r ow

transplant patients are sun graft versus host disease inconplete

i mune reconstitution or graph loss, in sone patients poor B
cell function with IVIG dependence, inmmune disregulation and
aut oi nruni ty, recurrent i nfections, growt h retardation,

nutritional problenms, and lung disease in a subset of these

pati ents.

I just would like to very, very briefly outline
the design of the NIH XSCID trial, and then I'lIl return to this
after | talk a bit about the potential patient population that

we're focused on for this trial.

So our design is treatnment of up to six XSClD
patients who would be two to 20 years old with persistent imune
defects despite bone marrow transpl antation. This would be an
ex __vivg retrovirus gene transfer to cytokine immobilized
aut ol ogous CD34 positive peripheral blood hematopoietic cells.
It would be a single infusion of gene corrected CD34 cells with
no marrow conditioning to enhance engraftnent, where there's no
radi ati on, no chenotherapy, simlar to the other trials.

And then, of course, this really truncates a |ot
of things we're going to do with long-term followup, wth
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i mune reconstitution, vector marking, and changes in clinical
status.

I'd like to focus a bit on the subjects part of
this protocol design. So an inportant feature of our study is
that all subject have already received one o nore allogeneic
bone marrow transplants, but denpnstrate persistent immune
defects which result in IVIG dependence, recurrent infections,
gromh failure, chronic gastrointestinal pr obl emns, chronic
i nfl ammatory skin conditions, and chronic |ung di sease.

No patients have yet enrolled in this gene therapy
protocol, but we have studied eight post bone marrow transpl ant
ex-CgD patients dependent on IVIG who have a variety of
persistent clinical problens. So keep in mnd as | talk about
these patients that these are a highly selected group. They
were people who sought out coming to the NH because they
weren't satisfied with the outcome of the standard of care in
these patients. So they represent fortunately a snmall subset of
patients, but an inportant set of patients who we hoped we could
do sonething for in addition to what had al ready been done.

Just a quick outline. Lining them up by age, we
find that they've received fromone to in one case four attenpts
at hapl oi dentical bone marrow transplants from either one or
both parents in some cases. All of these patients were at |east
three years, with a range of three to 11 years from the |ast
bone marrow transpl ant.
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You can see that as the patients get older, if we
take this as a kind of snapshot, the ones who are younger appear
to be growing and so on, but as they get older, they lose their
growmh curve and are in the very |low percentile for weight and
hei ght .

This is a sonmewhat unreadable slide, but it's real
meant to sort of quickly outline the patients have a variety of

t hi ngs. Not all patients have all problens. Many of them have

al | sorts of skin problens, al opeci a, eczens, recurrent
i nfections, sonetines nolluscum and warts. Many of them have
recurrent ear infections. Some have had hearing | oss. Al npst

all of them have recurrent and chronic sinusitis.

Sonme do and sonme don't get pneunpnias. Many of
them get recurrent bronchitis and have bronchiectasis and many
of them have decreases which is progressive over time in their
pul monary function.

Al  of them interestingly, except one, have
el evated liver enzynes. What's very interesting is that a
nunber of them have required gastric tube feeding to keep up
nutrition. They have probably because of the <chronic G
probl enms that they have, and so this has been sonething that's
been done for themat their home institutions to help them out.

So have diarrhea. | didn't include it on here.
Many have recurrent infections with cryptosporidium and other
i nfections of that sort.
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Al so, we often don't pay attention to the
psychosoci al factors. Many of them have delayed devel opnent
probably because of their chronic illness. Many need speech

t herapy, have del ayed speech, require special education.

One child troubles even entering school. So we're
tal king about kids who are getting by. They've certainly
survi ved. We're pointing out that one of them here is 11 and
one is 19, but they're not having a great tinme, and | think

that's inportant to enphasi ze.

The immunol ogic data from these patients, you can
see that they kind of vary from normal to subnormal anounts of T
cells. B cells are for the nost part in the normal range, very
few NK cells. They don't nmmke IgA for the npst part.
Particularly as they get to the older patients they really don't
make | gA, and they continue to have very |low | gM

Even though many of them are living either on
small nunmbers of their own T cells or the transplant T cells,
they're not functioning that well, and again, there's a
gradation from youngest to oldest, indicating what happens to
the graft if they have it.

We have performed microsatellite PCR chinerism
assay of blood cells, and what's very interesting is that of
the, again, very select subgroup of patients referred to us at
NIlH, we find that two of the patients don't even have T cell
grafts from the donor, but of the others, the only Iineage
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that's engrafted are T cells.

And if we Ilook at B cells and granul ocytes,
there's no engraftment, and we don't even show in K cells
because we can't isolate enough DNA to do that kind of analysis.

Now, what's interesting is in the context of
anot her protocol where we've collected nobilized CD34 cells for
the developnment of our studies and analysis of CD34 cells,
what's very interesting is that this just sort of shows that
they actually nobilize okay. So these were the peak
mobi li zati on that we saw in the peripheral bl ood.

But when we collected cells and analyzed them 100
percent of the CD34 cells, neaning the progenitor cells, are of
reci pient origin. In these patients, we could not find any
evi dence of CD34 cells any nore fromthe donor.

So concl usi on about post transpl ant XSCl D
patients, of that subset that didn't derive all that many of
them do derive from their transplants, we find that sone XSCID
pati ents have persistent immune deficiency despite one or nore
prior haploidentical T depleted bone marrow transpl ants.

These patients have inmune defects, poor growh,
and chronic nmedical conditions. Engraftnent of donor T cells
was detected in six to eight patients, but no patient had any
donor B cells, granul ocytes or nonocytes.

Six of six patients in whom we actually collected
and anal yzed CD34 cells. No patient had any donor CD34 cells.
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Just to return to our protocol design, I'll just
briefly outline and then finish up quickly where we are just to
rem nd you of what our protocol is about.

The vector is a GALV pseudotyped MEFS gamma chain
vector. If you renenber the trial in France, it used MFG  Both
MFG and MFGS were developed in Dr. Milligan's |aboratory and
have the feature of producing a lot of protein from these
constructs, and the MSGS vector really is very simlar. Just in
our case we've only put in the open reading frame of the gamm
c, but MSGS differs fromMSGreally by only three nucleotides in
the truncated gag region, further reducing the potential for
production of gag peptide through reconbinational events, but
basically they're the same exact vector.

Replication inconpetent vector was packaged by the
PGL3 cell line and supernatant for clinical use was collected
from confluent cultures of the stable, highly characterized
producer clone in a GW facility under contract to Bi oReliance.

Qur protocol calls for using one to ten times ten
to the sixth autol ogous nobilized peripheral blood CD34 cells,
which will be subjected to four daily transductions ex vivo with
our vector. Transductions will occur in the sanme exact system
as has been used in the French study, which is in these gas
pernmeable containers wth serum free nmedium coated with
retronectin.

In our case, we're using six rather than five
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vectors. So it's really the sane as the French study, except
we've also added IL6 to this, and based on our tests of the
clinical vector, we expect transduction efficiency to be 40 to
60 percent with actually nmpst tines that we've done this at the

60 or higher percent.

So subjects will receive a single infusion, as |
noted, and subjects, of course, will be nmonitored for G marking
and blood cell |lineages, changes in nunbers of these cells,

changes in function, changes in clinical status.

And, in particular, we developed a rather
extensive sort of quality of |ife assessnent that we're going to
be doing because we think those are the things that are
i mportant, is whether we find sonething at the nol ecul ar | evel.

The first three subjects will be treated at |east
one nonth apart, and the protocol calls for the appearance of
gene marked T cells in at least one of these three patients
before we would enroll any other patients.

Keep in mind that it is quite possible that the
patients who fail transplants have sonething about them that may
make them al so not as receptive to gene therapy as well, and we
feel that if we failed in three patients, we probably should not
proceed.

Safety studies include nonitoring for replication
conpetent virus in blood cells and, of course, evaluation of
ot her safety studies.
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So how m ght we nodify our current protocol if we
were to go forward, and obviously we're extraordinarily
interested in the input from what's been | earned today and what
peopl e advise us, but some of our proposals are that a further
limted enrollnment to patients wth inmune defects, growth
i mpai rment, recurrent infections who are -- our protocol
actually didn't call for them to be post haplo transplant. It

coul d be any post transplant.

But | think what's showing up in our clinic are
all of +the patients who all of the patients have haplo
transpl ants. But | think we would probably limt it to that

since the patients who do poorly have no engraftment and BNK
cells, nyeloid cells and 34 cells. I think we can safely say
that that should probably be a criteria of the study.

In light of the family history of a tunor, of a
medul | obl astoma in the French study, we would propose to excl ude
subjects with a history of |eukemia or any childhood cancers in
first degree relatives. We don't know what role that played,
but why not do that fromthe start?

O  course, inforned consent. Peopl e haven't
addressed it today, but it's so obvious, but it obviously needs
to be said and full disclosure in the informed consent docunent
of everything we know about the severe adverse event in the
French study needs to be conmunicated at many |evels, both
verbally and in |anguage that parents can understand, not in
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| anguage that we've used here today at the neeting.

Well, this is a bit ranbling, but | anticipated
some of the things that were going to be talked about, and this
really is a kind of truncated way of saying we'd like to | ook at
inversion sites. W're obviously going to talk with people who
are experts at this and try to line up, sort of get in the sane
gqueue as others who are having this done.

And I won't read the whole thing because | want to
move along, but basically the one thing I would say is one of
the questions that was proposed at the conmittee is should we do
some kind of screening of the gex _viva transduced cells before
they go in the patient, and | think there's a lot of reasons to
believe that this is probably not a reasonable idea, and |I'm not
proposing it as it's highly unlikely to reveal t he predom nant
clones and the rare cells which actually graft long term and
would give rise to the cells that we'd later look at in the
pati ents.

We obviously want to analyze T cell subsets. This
was already part of the protocol, but | think we would probably
nmodi fy exactly what we're going to study and how we're going to
look at it and the frequency with which we ook at it based on
t he experience in the French study.

And finally, one of the things that conmes up is we
don't know what role the <chicken pox infection, varicella
i nfection, played, but at the very least it nmay have egged
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things along by pushing cells to stinmulate themin some way.

And | think that we probably are going to err on

the side of early interventional treatnment of all infections,
particularly virus infections with specific therapies. We're,
of cour se, any approved therapies that are avail abl e,

antibiotics, anti-viral agents and/or specific immune globulin
wher e appropriate.

And with ny last slide, | just want to rem nd
everybody that the subset of patients with XSCID who have
persistent immune defects and chronic nedical problens, despite
al l ogeneic bone nmarrow transplantation, do not have other
reasonabl e treatnent options and may benefit from ex _vivo gene
t her apy.

The risk-benefit assessnent for gene therapy
treatment of these patients should take into account the degree
of inmpairment of their imune function and quality of Iife and
the lack of alternative therapies.

And 1'Il stop here. Thank you.

(Appl ause.)

CHAI RVAN SALOVON:  Yes. Well, thank you.

And this has served as a good reality check on the
darker side of this whole thing.

John.

DR. COFFI N: One thing you didn't suggest which
comes to nind as a nodification is reducing the nunber of cells
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that are treated and introduced. Perhaps in a stage fashion,
starting with small nunmbers and then increasing until one sees
some successful engraftnent.

Is there sonme reason that drives -- sone solid
reason for wusing the nunber of cells that you do in this
pr ot ocol ?

DR. MALECH: I think a lot of us have tried to
learn where we can from experience in transplantation, and
al though there are many people sitting around this table who are
nmore expert at transplant than | am [I'll make some statenents.

Maybe 1'Il have some bricks thrown, but basically | think from
the transplant setting in the ablative or subablative transpl ant
setting, one probably needs at |east the equivalent of one tines
ten to the sixth per kilo CD34 cells to get reasonable rates of
engraftnment and reconstitution, and nost people aimin the range
of five times ten to the sixth.

Qur protocol, actually it turns out we probably
aren't going to gt nuch nore than that, and realize that the
gene transfer is much fewer of those cells.

And while we're very proud  of our bul k
transduction efficiency rate, the actual rate in true
repopul ating stemcells may be far |ower than that, perhaps even
only anywhere fromone to 20 percent of that nunber.

So | think if anything, we're still at the margins
of what may be necessary to do this job reproducibly, and keep

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

204

in mind that even in the French study two of their patients
didn't get full correction. One of themlost a graft, required
a transplant, and they gave a lot nore cells overall than we're
likely to get fromthese ol der patients.

It's an argunment for saying that | don't think
we're anywhere near what | think is the optinmm nunber, |et
al one saying let's hold back on what we have.

DR. COFFI N It's perhaps unfortunate, of course
because if one could reduce the nunmber of cells by a factor of,
say, ten, one could almst certainly greatly reduce the risk of
i nsertion, you know, next to some oncogene or another just on a
nunbers basis.

If there was sonme way to sort of investigate that
as you went along, it would certainly be --

DR. MALECH: In the case of XSCI D, of course, you
have this trenendous magnifying effect of the selection for T
| ymphocytes, and | was very interested to see the data that Dr.
Kohn presented showing the great expansion of a very snall
nunber of cells and the persistence of them and yet they did,
in fact, have the receptor diversity that one woul d hope for

So while at the one time arguing for not reducing,
one could also take the other side and say if you have enough,
you probably don't need nore than that enough. I don't know
what that enough is.

DR. COFFI N: But perhaps there would be sone say
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to do that in the context of these trials, to investigate that
by stagi ng or sonething.

CHAI RMAN SALOMON:  Yeah, | think, John, you've got
a good point, and | don't think that's the end of it either. I
think we should cone back to that a little bit later and talk
about it.

Davi d.

DR.  HARLAN: I wonder, Harry, if in calculating

the risk-benefit analysis, which we all want to do at the end of

the day, if you could tell wus how these patients that you
descri be, and nmybe, Dr. Buckley, you could conmment, too -- is
this the far end of the Dbell shaped curve of these

hapl oi dentical transplants, or how comopn is this syndronme that
he descri bed?

DR. BUCKLEY: Wel |, "Il tell you at our
institution I would say it's the far end of the curve, but you
know, again, it depends on how the transplant was done. If it
was done with chenotherapy and if there was graft versus host
involved and the patient has chronic GVH, you know, | don't
really know what the incidence of that is in the other groups
but in our institution | would say it is the far end of the
curve.

DR. MALECH: And that was the point of the
referral here. They were the far end of the group

CHAI RMAN SALOVON:  Dr. Okin.
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DR. PUCK: Could I just add? The patients who
have been referred to NIH have conme from nultiple centers. So
there are at least four different centers that have referred
patients, although all the ones we've seen so far have received
nonabl at ed transpl ants.

DR. HARLAN: Well, one way to |ook at the question
is what's the denomni nator. You describe eight patients here.
Qut of how many nationwi de have received these haploidentical
transpl ants?

DR. PUCK: O course no one knows what the
i nci dence of SCID is. We presune that it's on the order of one

in 50,000 to one in 100,000 births, but we also recognize it's
under di agnosed because babies die of infections before being
recogni zed.

CHAI RMAN  SAL OMON: VWhat Dr. Harlan is asking is
how many patients have been transplanted to draw these eight
patients, and | think Dr. Buckley can answer that, right?

DR. BUCKLEY: I have some figures that | wote
down. I think all together in the whole world there probably
are around 800 SCIDs that have been transplanted. About 500 of
these are in Europe, and | know of at least 300 in the United
States, and if you take 75 percent of that figure, that would
tell you how many hapl os roughly

DR. HARLAN: So then | could conclude this isn't
way on the far of the bell shaped curve because then it's eight
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out of maybe 200 that have this syndrone.

DR. BUCKLEY: O eight out of 250 or sonething
like that, yes.

DR, MALECH: And it didn't take forever to
accurul ate these patients. There are others who actually want
to visit us. CHAIRMAN SALOMON: There's a | ot of people who want
to talk here. So at some point here we're going to truncate
this because | want to get on to the discussion.

I know, Dr. Okin, you're waiting to nake a

comment .

DR. KOHN: | have just one comment on this point.

CHAI RVAN SALOVON:  Okay. So Kohn, Orkin, and Dr.
Kurtzberg.

DR.  KOHN: I think in general this is not seen as
commonly with transplants with ablation. However, you do have
chenot herapy conplications. So there's no free lunch either
way.

DR, ORKIN: I just want to nmke one comment.
Obviously we'd all like to figure out what is the denom nator in
terms of risk to individual patients. I think John Cunni ngham

or it was Brian Sorrentino mentioned the data on gene narking,
how many patients had been entered into gene marking studies and
the fact there were no adverse events.
But | think what has plagued the field is the |ow
frequency of transduction. So if you have no transduction, you
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can erase those cases. So | think the real question is: what
is the denominator in terms of transduced cells?

And | think one thing that at |east concerns nme is
in the set of experinents which is the npst conclusive in terms
of denonstrating efficacy, those of Fischer, there is an event
in a limted nunber of patients, but we don't know what the
denom nator is, but | think we just can't add up nunbers of
pati ents who have been enrolled in other trials.

CHAI RVAN  SALOVON: So that's a good exanple.
That's a key point. I'"'mglad you made it, and we're not going
to discuss that yet, but we've definitely got to go back to
t hat .

Dr. Kurtzberg.

DR.  KURTZBERG I was going to say two things.
One, you know, these are very heterogeneous diseases, and even
though you may have the same mutation, we all know that in
genetic disease there is variable clinical scenarios with the
same nutation. So it's very hard to just automatically assune
that every gamma SCID is going to | ook the sane.

Second, | wonder in sonme of these patients if they
don't have GVHD. I nmean, if sonmebody just gave me that table
with that set of synptons and didn't tell ne what it was about,
I would say that's GVH.

And | think there's a huge spectrum of imune
deficiency all the way to GVH that relates to this m snatched
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transpl ant syndrone, and | don't really care to put a name on
it, but I think it's rel ated.

And so that nay be what we're seeing in sonme of
t hese ki ds.

CHAI RVAN SALOVON: Al ex.

M5. BALLARD: Yes, the point | wanted to nmake al so
in conjunction to the topic on, you cow, eight patients out of
how many, these are eight patients who have sought out this
treatment at this tine, and that doesn't nean that's all of the
ones who could benefit fromit.

CHAI RVAN SALOMON: Yeah, but | nmean, these Kkids
clearly are not doing well, and that's enough to do the trial.
So | think Dr. Malech's point is well taken.

Okay. Then what |1'd like to do here is what we're
doing is getting closer and closer to all of the sensitive
issues. So | think that the best way to deal with it is to stop
here, go to the public coments, which |I think will raise the
tenperature in the rooma bit, and then | can relax, and we can
get into it finally.

So with that, | would like to request the people
who have requested tine for public comment to step up at this
poi nt .

Basically there's five mnutes allotted for each
of these. No one will be upset if it's shorter, but if you need
the five minutes, you' ve got it.
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The first one is -- |I'm just asking Gil if
there's any point in the order here.

MS. DAPOLI TO.  No.

CHAI RVAN  SAL OVON: Okay. So, M. Celsinger,
you're wel cone to be first.

MR.  GELSI NGER: Hel | o. "' m Paul Cel singer. You
may know me as the father of Jesse CGelsinger, the boy that died
in the gene therapy protocol at the University of Pennsylvania
i n Septenber 1999.

The first thing I'd like to do is comend the FDA
on the swiftness with which they brought about this neeting.
It's an area | found very lacking when we tried to uncover what
happened, why Jesse died, is that adverse event reporting was
not being done properly, and if the scientists had gotten
together and been openly discussing what was going on, they
could have avoi ded his death. Okay?

My observation of this XSCID clinical trial or
this clinical work that's going on is that it's the only real
positive thing you have going in gene therapy to show that it's
wor king in human beings, and you're in an quandary now because
you have an ethical concern that you may be creating a problem
in these kids that they didn't have before.

But you're also giving them a viable treatnent,
and |'m supportive of that. And yet |'ve heard from the other
side on the bone marrow transplant side that if we can diagnose
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these kids early and get them into a bone nmarrow treatnent
program they have an excellent chance of survival also.

So you have a lot of things to consider here, and
I think you need to go to the ethical guidelines that have been
established for reviewi ng why you even do your work. You have
the Declaration of Helsinki. You have the comon rule here in
the United States, respect for persons, justice.

And you need to take into consideration that these
are people first. The advancenment of science and society is
secondary to their welfare.

There are a lot of scientists in this room that
want to see their work proceed, and it nmay not be in the best
interests of these patients for your science to be used in them
at this point, and you may need to do nore preclinical work.

It's going to be a tough decision for a lot of
you. I don't know how many on this panel are involved in gene
therapy. | think you have a very broad spectrum So you'll get
a good perspective.

There's an industry side to this that wants to see
this technology go into the marketplace, and there's a lot o
pressure that gets put on our governnent from that side, and
some of that pressure is inappropriate.

We uncovered that in what happened to ny son, and
it was awful to know that.

So let the FDA nake the right decision. Gve them
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the advice they need. | magi ne these children as your own when
you're reviewing this and you're discussing it. Put it in that
per specti ve.

Wuld you want your child to be inserted in a gene
therapy protocol when there are other viable alternatives to the
treat ment ?

And maybe out of this should conme sone pressure on
society to get a screening program for neonates so that we can
detect this earlier, and maybe that's the nobst ethical thing
that can cone out of this.

Thank you.

CHAI RVAN  SAL OMON: Thank you very nuch for those
excel l ent comments, and we will do our best to guide ourselves
that way. | hope you're going to stay here for the discussions
that follow and remind us if you think we're deviating from
that. That's part of your role.

Again, what confused me a little bit is | have
this list of people. So no disrespect intended, but Rachel.
Yeah, come on up.

This is Rachel Salzman, and she's representing the
Stop ALD Foundati on.

DR. SALZMAN: Yeah. Can you hear ne?

The disease we're actually focused on s
adr enol eukodystrophy, but what it has in common with SCID is
that it is X |inked. It is often fatal, and one of the current
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t herapi es for adrenol eukodystrophy is a bone marrow transplant,

but bone marrow transplant is also acconpanied by significant

nortality.

And as a result, one of the main focuses of our
foundation is to woirk on novel therapies, including gene
t herapy, ~cellular therapies, et «cetera. So we're very

interested in this type of work.

I think I"'m going to echo a little bit of what's
been said, but maybe from nmy perspective and maybe pull together
in just two or three mnutes.

I think everybody in the room the physicians, the
patients, the famlies, the scientists, everybody is |ooking for
a therapy that's going to be conpletely efficacious and
conpletely safe. But by definition in reality that's
i mpossi bl e.

I nmean, | think that there's a very well accepted
train of thought in the nedical comunity that in order for an
intervention or a therapy to be truly efficacious, by definition
it's going to bring with it sone inherent side effects or sone
i nherent risks that might be high, mnmght be low but the
potential is there.

So | think we sort of have to go into that
accepting that just as the reality of the way nedicine works
We obviously want to increase the efficacy and decrease the risk
or increase the safety.
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So, t herefore, speaking from the patient's
perspective, they're going into this -- whether you're going in
for a penicillin shot or you're going into gene therapy, you're

assuming a certain level of risk automatically, and that's why I
think that it's very inportant, and | also, along with M.
CGel singer, applaud what's going on here, this very open
di scourse about a risk that was encountered and came true.

I nmean, |I'm sure it was listed, and, you know,
they' ve been tal king about this theoretical risk for the last 15
years. So I think it's really good that it's being explored in
such a tinmely fashion.

And | think it's inportant to continue to explore
this adverse event, and what I've realized from the
presentations is that ideally gaining this know edge is going to
lead to being able to decrease this risk not to zero, but just
maybe to | ess than what it was before.

And ultimately that could involve doing pedigree
anal ysis, microarray screening, nodifying the vector, nodifying
the dose, working on defining what this second hit or epigenetic
effect is, and you know, that's really inmportant obviously, but
if | just gave that assignnent to everybody in the room you
coul d come back in 20 years and still not have an answer.

So it also nmight turn out that this was random
That's entirely possible. You can't rule that out either.

So | think that what happened was a theoretical
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risk finally did happen, and it needs to be explored. At the
same tine, | think that should not hinder everyone that's
involved in these types of efforts, their enthusiasm towards
doing it, or their actual work of doing translational nedicine
and thinking about clinical trials.

I don't think that anyone, based on this neeting
or this discussion should then be going hone thinking, "I need
to pause.”

We definitely need to think about everything and
understand it, but we would really like to see research continue
with patients in mnd of getting it into patients.

So ultimately, as for the 19th time, it is about
benefit versus risk ratio, but risk means different things for a
| ethal disease. So you're dealing with the risk of intervention
versus nonintervention, and that's a lot different when your
noni ntervention is a lethal prognosis that is very, very grave
versus a disease that, you know, you're going to be bald
forever. You know, there's a big, big difference.

So | just want to comrent that | think it's very,
very inportant that everyone continue to think about and work on
clinical applications, and that when these clinical trials cone
up for review, that | know it's tedious and tinely, but each one
has to be considered on an individual basis because this disease
has a sel ecti ve advant age.

Adr enol eukodystrophy would not carry wth it a
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sel ective advantage, and that's an inportant difference.

You also need to consider the different transgene
products. You need to consider what is the prognosis of this
patient with this disease if it follows its natural course or
what's the prognosis of this patient if he or she is able to
take advantage of alternative treatnent.

So that's kind of our perspective. Thank you.

CHAI RVAN SALOVON:  Thank you.

(Appl ause.)

CHAI RVAN  SAL OMON: I have on ny list M. Mke
Susko of Citizens for Responsible Care in Research.

MR. SUSKO Hello. Yes, I'mfromthe Citizens for
Responsible Care in Research, and we're concerned in a sort of
cautionary way about this field of research, and | guess there's
a fewinitial reasons that come to m nd.

Some of these are the official positions of CRCR
and some are my own philosophic views.

But we're in the field of gene research which has
really revolutionized in the past 30 or 40 years. Qur
under st andi ng has gone from |like, you know, one protein to one
gene effect to almpst nultiple genetic codes because the sane
gene sequences can be interpreted in different ways.

So the field is revolutionized, and our know edge
is inconplete, that being said. So vwe're really in a dynamc
stage, and we're not quite sure, you know, how our know edge is
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going to be conpl ete.

But part of the problem here is there is a
fragility of the genone that we're recognizing. The genone has
a lot of stability, but there's a certain fragility, and if you
push it too far, you're going to get a real adverse effect, and
this is why we're here today. We're getting the adverse effects
of cancer that can possibly lead to death or have lead to death
al r eady.

So we really need to know how fragile is the
genone under this specific stress of putting in an infection and
totry to realign some of the DNA sequenci ng.

And so that's really unknown. In fact, this |eads
us to a point of, you know, |ooking at the negative data, can we
get the accurate information in industry from all of the
different animal studies. What's the percentage of nortality?
What's the percentage of adverse effects?

That's a very inportant, know edgeable thing to
know. How fragile is the genome under these conditions?

And in ternms of humans wanting to have the sane
thing done to them what is their real risk? So that has
i mportant consequences.

Al'l of this is very conplex. | mean, to the
| ayperson -- and we've tal ked nostly on the nol ecul ar |evel, and
then we tal k about some tissue response and inflammtion. W go
up to systenic responses of cancer. There's all of these
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bi ol ogi cal | evels. They're all interwoven, and it's difficult
in sonme ways to sort it all out.

But it points to a conplexity that we don't fully
yet under st and. So how does this all translate then into
i nformed consent? How do we translate this heavy science and in
talking to an ordinary person, do you want this treatment?

It's difficult, but | suggest that our nodels, the
model in an average person's mnd is probably sonething like
this. It's like there's a nmissing piece of my DNA, and |I'm
going to fix it like a patch on a tire.

But perhaps that's an inaccurate way to |ook at
it. It's nuch nore conplex than that as you all know It's
alnost like a series of clocks within clocks, |ike seven or
ei ght different clocks, if you will.

And even for biological systems, you have to
i nvent new words to describe how really the biol ogy works. Like
liquid crystal and holistic responses, tansigretti (phonetic),
there's different words to describe the |evel of conplexity.

So we need to accurately somehow convey that in
i nformed consent that really things are very conplex. W're not
quit sure what's going to happen. Perhaps if we're surprised by
cancer and adverse effects, our nodels have been sonmewhat
fl awed.

So let ne then summarize as far as | would see
sonme areas of concern. In informed consent, | think we have to
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be careful to not give a false sense of security and |et people
think we know nore than what we really do in terms of what would
happen, given all of the complexity and all of the unknown
fragility.

A second critical thing is to nmake available all
of the negative data that's out there. That's good science. As
you know, if sonething good happens or if something bad happens,
and | think it's a struggle for the lay society to know just
really what's happening. So | would enphasize that point.

And ny final words would be | think good science
and good ethics is conpatible. 1It's like taking care of all the
different biological Ievels. The highest is our ethica
feelings, our intuitions, our thoughts on the matter, and then
we have nol ecul ar interventions, but we need to integrate all of
t hat .

And ultimately it would make for good business,
too, because you would get better results, but rmaybe nore in the
long term

So those are just sonme of ny thoughts. Thank you.

CHAI RVAN SALOVMON:  Thank you very nuch.

| also have Dr. Phillipe Leboulch from Harvard

DR. LEBOULCH: Thank you.

I"'m also with Genetics Pharnmaceuticals for the
pur pose of disclosure.

I just wanted to submit to the conmittee today our
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own recomendation for the use of self-inactivating LTRs and
chromatin insulators as a novel |ayer of safety. Both are
retroviral vectors derived from Mal oney and also from | entiviral
vect ors.

As it has been said many tines today, the vast
maj ority of untoward oncogenic events of insertional mnutagenesis
result, in fact, from enhanced inactivation by the provirus
either fromthe LTI enhancers or frominternal enhancer.

At the sanme tinme, the chromatin can negatively
i nfluence the expression of the transfer gene through silencing
of position effect variegation. So what it would gain from
shielding the provirus from the effect of the chromatic
surrounding it and vice versa.

Richard Mulligan and Ellie Gabor in the late '80s
pi oneered the use of deletions of the LTR to inactive the
transcriptional activity of the LTR, and you can do this by
removing a portion of it, adding a protease signal and follow ng
with the transcription and chronosonal integration you
i nactivate both LTRs.

And we found, and we and coll eagues, that even
with very long, conplex retroviral vectors and anti-viral
vectors, this one for the gene therapy of therycenia (phonetic)
and sickle cell disease is about eight kilobases |ong. We get
perfect stability and no decrease in biotiters.

Now, at the sanme tine, Gary Pheasantfeld

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

221

(phonetic) in the nid-'90s discovered a new class of elements in
mammal i an cells which are able to prevent the enhancenment of a
promoter by an enhancer blocking its activity, such as the CH34
sequence from chi cken, which works also in human cells.

As you see here, in the presence of that
i nsul ator, chromatin insulator, the expression after integration
is dramatically reduced because the enhancer no |onger works at
a di stance.

So we have been able to provide boundaries even
with very conplex retroviral and antiviral structures by adding
at the same tine, but we nmeke the deletions in the LTR to self-
i nactivate the vector. We also place the chromatin insulator,
and after reverse transcription and chronosonmal integration
both LTRs contain the chromatin insulators and the boundary is
est abl i shed.

And in terms of transfer, what | just wanted to
tell you today, it is feasible nowto do this for npbst vectors
including lentiviral vectors even if the vecs. are very conpl ex
in structure.

This is a Southern Blot analysis with a 7.528 kb
structure, and the decrease in titer froma very high, over ten
to the ninth per nL titer, we have with the unnodified blood in
vector, we are able to have less than fourfold drop in titer
with perfect stability.

So just to close, | would like to say that perhaps
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in the debate vis-a-vis the resuming of gene therapy trials for
XSCI D and extend this also to other gene transfer approaches for
gene therapy, perhaps one would benefit from using internal
promoters conbined with self-inactivating deletion of the LTRs
and chromatin insul ators.

And of course, we have to do sone work in parallel
to denonstrate the power of those chromatin insulators, but
since we know they can do some and they are mutual for the
ef ficacy, why not incorporate themalready in nost vectors?

Thank you.

(Appl ause.)

DR.  NOGUCHI : Excuse ne. I just have one
guesti on. You mentioned that you were speaking of your results
in sickle cell disease. Now, | believe that is not in humans;
is that correct? That's in aninmal nodel s?

DR. LEBOULCH: That's right. | don't know who is

speaki ng, but that's --

DR.  NOGUCHI : I'"'m sorry. Ri ght here. Phil
Noguchi .

DR. LEBOULCH: ©Oh, yeah. Hi. Exactly. That was
preclinical nodels. It is not at all done in hunans. W know

that even with a very conplex vector we can get high titers and
mai nt enance of stability of transfer in the presence of those
two nodifications, whi ch  m ght be benefici al for safety
pur poses.
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DR. NOGUCHI: | just caution everyone that when we

tal k about nature, when we say words like "it's perfectly,” "we

never see this," today is a good exanple of, well, you see it.
DR. LEBOULCH: Absolutely, absolutely right.
CHAI RMAN  SAL OMON: There another person on the

list, Ms. Robb of the SCID Alliance. Can | wel come you up?

MS. ROBB: I didn't expect to speak today. So
this is not a prepared presentation, but | was particularly
concerned as | listened to everybody speak.

I"m a grandnot her of an XSCID patient, one of the
patients of Dr. Malech and Dr. Puck and fornmerly of Dr. Buckley.
This is one who has had four failed transplants, and his
condition is obviously deteriorating in a general sense. He's
ten years old and he's the same size as another grandchild that
I have who is six years old, but he looks like he's sick. He's
little, but he |ooks Iike he's sick.

VWhat | would like to make a point of is that this
is an XSCID patient. It's not an autosomal patient, and
therefore, there is no existing treatment for himat this point.
He's failed the transplants four tinmes, two from the nother,
two fromthe father, and he is deteriorating.

I certainly want you to consider where you're
going with this work, but we have been aware of his problem for
nine and a half years. We have been aware of the plans at NH
for three years. These things have been put on hold over and
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over, trying to be careful.

I'"d like you to consider that when you consider
the risk to the patient of a treatment that you also nust
consider the risk to the patient of no treatment because that's
the other side of this coin.

I nean, there isn't, as with an ADA usi ng PEG ADA,
there isn't the potential to put him on this $300,000 a year
treatment, which really isn't feasible in a very practical way,
but that doesn't even exist for this boy.

And | think that the work that they're doing at
NlH has been very, very conservative, very considered. They

have been noving at a very slow pace a far as pushing fanmlies

into things. In fact, we're trying to push theminto things at
this point.

So that's sonething you nust consider. | guess
I"ve hit all the points here that | expected to cover, but |

wanted to nake sure that you were not being too intellectual
about this, but you are also considering the quality of life.

Thank you.

(Appl ause.)

CHAI RMAN SALOVON:  Thank you very nuch.

And again, as | said to M. Gelsinger, you, too,
should get up if you think that we're not doing that at any
poi nt here.

Okay. So the last thing we'll do under the public
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coment is a letter that will be read into the record by Gail
Dapol it o.

MR. BABLOCH: I'd like to make a coment, too, if
| could, after.

MS. DAPOLI TO This is a witten statenent from
t he Counci | for Responsi bl e Genetics in Canbri dge,
Massachusetts. They are unable to attend today, but asked for
their comrents to be relayed to the comittee.

Wio we are: the Council for Responsible Genetics,
CRG, is the nation's ol dest organization comritted to educating
the public on issues of biotechnol ogy. Founded in 1983, CRG
works to raise public awareness and pronote debate on the
social, ethical and environnental inplications of new genetic
t echnol ogi es.

Qur board of directors consists of scientists,
physicians, |awyers, educators, and public advocates, each of
whom have been involved in these issues at the conmunity,
nati onal, or international |evels.

Qur central concern is that of public involvenent
and accountability. The public nust have access to clear and
under st andabl e information on technol ogi cal innovations, and it
must be able to participate in governing the applications of
technol ogi cal devel opnents.

Ever since proposals were first made to use gene
nmodi fication techniques for potential hunan therapies, CRG has
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fought to prevent the prenmature application of these treatnents.
Qur board nenbers and advisors wth experience in their
rel evant areas were concerned that genetic nodification could
produce severe and uni ntended side effects.

This has been borne out in recent trials, and
therefore, we are renewing our recomendation to adopt a
di fferent approach fromthe one currently in place.

As a first step, we propose a noratorium on al
human gene nodification trials.

The present risks. Overall the effects of both
viral and nonviral gene therapy vectors continue to be poorly
under st ood. After over a decade of human trial and nore than
two decades of aninal research, gene therapy is still nore of a
theoretical concept than a sound nedical course of treatnent.

Techni ques for meking genetic changes in mammal i an
somatic tissues are still primtive. The death of 18 year old
Jesse Gelsinger as a result of a University of Pennsylvania
trial on Ln_wvivo virtual induction of genes was followed by
reports of the resounding |lack of success of hundreds of other
such attenpts.

Using ex_viva techniques, the Necker Hospita
protocol to treat ADA deficiency hopes to circunvent the
potentially fatal conplications associated with [n_vivo methods.

Nonet hel ess, there is insufficient ability to precisely direct
gene transfer through the vectors chosen
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Retroviruses are difficult to target effectively,
and as a result, they often may not reach the intended DNA
| ocation. This becomes a safety hazard in two primary ways.

First, these viruses integrated randomy into the
genome of the host cell. After the transgene is introduced,
i nappropriate integration could disrupt inportant gene and cell
functioning, precipitating cancer or other forns of biological
damage.

Second, retroviruses mmy infect nontargeted cell
types. VWhich of these is responsibility for the I|eukem a-1ike
di sease seen in one of the Necker patients is unclear.

Data from nodel organi sns does not justify
continuing human gene nodification experiments at this tine.
I ndeed, the NIH report on the GCelsinger incident acknow edged
that there were no good animal nodels for the viral vectors used
inthat n viva trial.

Wth regard to ex _vivo protocols, animal studies
provide a strong basis for precaution. For exanple, in the
April 19 issue of Science this year, a team of researchers led
by Jim Zong Li (phonetic) showed that the insertion of foreign
genes into nouse bone marrow cells using a replication defective
retroviral vector caused the animals to devel op | eukem a.

Wiy, in the face of potential cancer risks which
coul d have been anticipated and were by us and other comenters,
were retroviral gene therapy trials allowed to proceed?
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This is a question that the comrittee will have to
answer for any adequate review of the recent adverse event. At
this stage, many of the scientists who are pushing the gene
therapy agenda forward have financial stakes in noving the
trials forward. Careful attention should be paid to the
potential conflicts of interest that could lead to premature
applications of these techniques and thereby conpronise the
safety of research subjects.

During the nonths that followed the Gelsinger
i ncident, wunder inproved reporting procedures, 691 reports of
serious adverse events in gene therapy experiments were sent to
the N H Over 98 percent of these incidents had not been
previ ously discl osed.

It should be clear that trials cannot responsibly
proceed under conditions of secrecy, comercial, or otherw se.
Regul at ory mechani sns should be put in place to insure the open
distribution of data so that investigators can learn from each
ot her's experience.

Furthermore, the case highlighted the |ack of
adherence by wuniversity researchers to principles of infornmed
consent and to existing reconbinant DNA Advisory Conmittee and
FDA recomendati ons. In many cases, patients in gene therapy
trials had not been nade fully aware of the risk of severe
i mune system response, cancer and ot her adverse events.

As Abbey Meyers, President of the National
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Associ ation for Rare Disorders and a past nenber of the NH
Recombi nant Advisory Committee aptly stated, "In the years that
| sat on the RAC, | would see these documents time after tinme.
Sometinmes eight or ten of them would cone in front of us at a
meeting, and | saw lies; | saw onissions; | saw exaggerations.
Patients were not being told the truth in the infornmed consent
docunents. "

VWhat is also not being clearly communicated to
research subjects is that Phase | trials hold out no pronise of
efficacy. They are solely for safety and toxicity eval uation.

One nore paragraph.

A main purpose of FDA oversight is to mamintain
controls over research to protect the safety and integrity of
human experinmental subjects. Genetic nodification raises
gquestions qualitatively different from previous drug treatnent
regi mes. As a result, these studies should be reviewed wth
added care.

The inplications of gene therapy go far beyond the
i medi ate nedical context, potentially changing the relationship
of humans to their permanent biol ogical make-up. Such issues
make it inperative that the FDA take into account |arger ethical
gquestions before pernmitting gene therapy to move forward a
proposal .

Based with the new evidence of risk, it is our
position that the FDA should establish a noratorium in all
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future gene therapy trials. Awai ting clear evidence of safety
and efficacy, reevaluation should be undertaken of the Phase
1/ Phase 2 framework for gene nodification trials.

CHAI RVAN SALOVON:  Thank you, Gail.

Can you introduce yourself and the group you
represent?

MR. BABLOCH. Sure. M nane is Jason Babl och, and
I'"'m Vice President for Public Policy of the Inmune Deficiency
Foundati on.

IDF is the national organization dedicated to
i mproving the lives of primary i mune deficient patients through
research and educati on.

In an effort to be brief here, | would just |ike
to read an Email from the nother of a severe conbined inmune
deficient boy regarding today's topic who was unable to attend
herself, and also provide the comrttee wth our policy
regardi ng gene therapy, and | quote.

"In regards to the gene therapy trials, | have
very strong feelings about this issue. As a mother who has | ost
a child to this disease and has another son with the sane
illness, who by the way is alive today and doing very well
because of another kind of experinmental therapy, | believe the
trial should not be stopped. When you sign a consent form for
an experinental therapy, you are made well aware of the possible
risk factors.
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"Of course, you hope and pray that none of them
happen to your child, and you go forward. \What other choice do
you have? To let your child die? | don't think so. So you
take the risk.

"My son's jn_uterg stem cell transplant was very
successful . However, there have been subsequent transplants
that have not been as successful. Does this nean stop
performng Ln_utero BMIs? CQur physician would say no. |nstead
he has |earned sonething from each one that he and others have
performed in hopes of perfecting the procedure.

"This is also true for gene therapy. W can only
do so nuch research on animals before we have to finally
experiment on human beings. Hopefully we have perfected the
procedure enough at this point to provide a cure for an
ot herwi se fatal disease.

"This setback has not changed ny opinion of gene
therapy, and | will still consider it as a treatnment option for
XSCID. "

Si gned Heat her Dal ey.

I would just like to say the IDF strongly supports
medi cal research directed at finding new therapies and potentia
cures for primary immune deficiency diseases. We agree that
experimental treatnents need to be well thought out and closely
monitored, but in the end these types of trials need to nove
forward or we will never find treatnents or cures for deadly
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di seases.

VWiile the information discussed today shows that
gene therapy is not perfected, it holds nuch pronise for the
primary imune deficient comunity, especially for those
pati ents who do not respond to other treatnment options.

| DF supports continuation of gene therapy trials
in the US. when adequate safeguards, i ncluding patient
education on the risks associated with the procedures and

followup are in place.

Thank you.

(Appl ause.)

CHAI RMVAN SAL OMON: Okay. If everybody would on
the panel take out their tan folder, and you'll find in there a

yel | ow sheet that's questions to the conmttee.

And the reason | do that is there were sone
important revisions in the questions from the tinme it was E
mailed to you. So | want to nmake sure everybody is on the sane
-- in this case, the sanme page literally.

Before | pose the question for the committee, |
just have a couple of my own introductory coments. The first
is we have a very specific charge from the FDA to this
conmittee, and that is to comment specifically at |east at the
start, specifically on the safety and the feasibility and the
appropriateness of going forward with gene therapy trials in
patients with different fornms of the disease SCID.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

233

And we will do that because we are an FDA Advisory
Committee, and the FDA gets to set the agenda.

It is clear to all of us, as well as to the people
who have made public comments, that a nunmber of the issues that
we're dealing with then go beyond sinply retroviral gene therapy
in children with SCID, children or young adults, and there's no
problem in us taking that up as a second thing, but we have to
get done with the first agenda.

As for ny own, sitting here saying, "Wll, how can
I take everything 1've heard up till now and put a couple
gui di ng concepts forward that, you know, we l|later can just shred
then?" That's okay with ne.

So these are just sone thoughts |I have. One line
of reasoning came out that early transplantation, i.e., in the
first couple of months of life, is, quote, successful and safe,
unquot e. And I'"m not nmeking this quote thing out to suggest |
don't believe that. |'mjust saying that that's a key point.

You  know, we're talking about 90 percent
successful rates. These are survival rates. | think one of the
things Dr. Malech has made us nore aware of is that those
patients would survive. They'd be in the 90 percent, but, you
know, the quality of life issues, et cetera, longer termfollow
up, et cetera.

But if we just take this early allotranspl antation
is successful and safe, one response here would be to exclude
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all such patients from these trials, and | think in the
di scussions we heard that's, indeed, being done in many
i nstances, nmaybe not in Dr. Fischer's trial with this one nonth
ol d infant, but maybe not.

And if we believe that, the idea of suggesting
i ncreased efforts to diagnose these early, you know, to me these
are very solid, appropriate sorts of public health questions.

My feeling, however, though is regardless that
still leaves a group that wll either not ke candidates for
early diagnosis, won't get diagnosed early for whatever reason,
won't get a perfect result even if it's nmuch better, so there
would still be a group of patients that will be potentially
appropriate for the kinds of trials that have been outlined
today and the kind of trial Dr. Fischer is doing in Europe.

So then | think the question -- so | don't think
you can just say, "Oh, well, everyone will be done in the first
month. So we ought to go hone."

And so we still are going to have a group of
patients that we can't forget, abandon, et cetera, that are
potential candidates for the exact same trials that are being

outlined by these people.

If you follow that reasoning, then | ask the
guesti on: what is it that we can do to nmke this safer? And
that should be a major part of our talk. | mean, pieces of the

puzzle |'ve heard today. Reduce the CD34 dose. W need to
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di scuss that.

We've heard a good counter argument to that, is
you won't get engraftnent if you reduce the CD34 dose much bel ow
a mllion CD34 cells per kilo. Maybe we need to discuss that
some nore.

Get better targeting of the progenitor cell. It's
likely that probably ten or 20 really good progenitor cells
woul d probably cure everybody. Can we really get down to gene
transduction of that real prinordial pluripotential stemcells?

Did the gene therapy in this case cause the
|l eukemia? Well, | think we're going to have to butt heads on
that. | nean, can we answer it or not? Mybe not, but | think
the comrittee needs to get sone sense of how far they believe
that the gene therapy was involved in this.

Are XSClIDs or other forns of SCIDs nore dangerous
than other kinds of gene therapy? Now, here we get into this
transition where we wll go out of our agenda, but | think
within the agenda we've given here one of the questions is
shoul d our attitude, should our advice to the FDA regardi ng gene
therapy trials in XSCIDs or SCIDs due to all the other different
kinds, ADA, JAK 3, et cetera; are there good, nedical
bi ol ogi cal reasons to give a different type of advice to these
FDA on gene therapy trials in that group because of the
potential that that group or those patients have different risks
in the context of these gene therapy trials?
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Vect or design. Enhancer region. The LTR The
payl oad gene. The possibility of internal pronoters. This one
didn't have an internal pronoter. So it's not an issue, but for
those that might -- | don't believe any of them that were
presented today had internal pronmoters, but that's sonething
maybe we di scuss near the end of the discussions.

VWhat role is played by CD34 cell activation? All
of the protocols I've heard require for these supposedly higher
transduction efficiencies basically a soup of differentiation
factors, flip three (phonetic) ligand, stem cell factor, GMCSF,
I L6. I'"'m sure |I'm |leaving one out. TPO was another one | saw
up there.

That may give you nice nunbers. | nean we can be
very proud of the fact now we've got 50 percent transduction,
but if you get 50 percent transduction of the wong cell types,
then what's the point?

Ot her safety issues, | think, can cone down the
road. Sui ci de genes, for exanple, a lot of conplicated issues
are related to that.

So those are just ny thoughts of pieces of the
puzzl e. I'"'mnot trying to put themin any critical order, and
I"'mreally not trying to buy us any one in one direction. There
are probably five other things |I'm |l eaving out, but that's just
ny best effort to take what |'ve heard since this norning and
hi ghlight it.
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Al right. So let's go to the question. Are
there additional data or neasures that clinical investigators
need to provide before future and present clinical trials, i.e.,
the ones that are on hold, in SCID patients should proceed in
the U.S.?

Pl ease consider in your discussion each of the
following as they pertain to the XSCID and, as well, other forms

of SCID, such as ADA SCID, et cetera.

So then there are six subpoints here: risk-
benefit of gene therapy; revisions to informed consent
docunent s; alterations to t he cell dose adni ni st ered,;

alterations to the vector or the vector dose administered --
sorry -- mapping of the insertion sites on all clinical lots of
cells prior to release for clinical use; and then alterations in
vect or design.

So I've held you guys back all day.

DR.  MJLLI GAN: I'd like to mybe shift the
enphasis to the charge that we have versus the way that you
posed it. You posed lots of very interesting things that, you
know, those of us who know vectors and transplantation could
talk about and talk about, and I'd like to suggest that we talk
about what needs to be done as opposed to what is a guide if.
That is, the vector types of things that we hear, they are very
clever ideas and they make a lot of sense, and good vector
people could differ on exactly what's the best feature, but |
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would rate those as sonething that everyone is going to have
their own chance to argue about what's the best kind of
construct, but is that really on our radar screen at this point?

And | think the key thing that we nmaybe ought to
initially talk about is, you know, quantitation of the risk. I
think Stu made a very good point that | always harp on about the
fact that it's obvious that if no gene transfer occurs, gene
therapy is safe. That's clear.

But, in fact, even at this day when | hear in this

sessi on people saying, "Well, you know, | want to show you the
safety statistics,”" | think it sends a very, very bad nessage.
In fact, I'"mgetting a nessage here.

(Laughter.)

DR. MUJLLI GAN: A very bad nmessage from the point
of view of how or, you know, what the consent fornms really nean
to people, what we're telling people. And |'ve always thought
that that's a big issue, and | think that at the heart of this
is that we haven't in the past been able to quantify the risk.

We knew there was one, and after all |'ve heard
here, | don't think we're in any better shape to quantify the
risk other than to treat sonme patients and see what happens.

And so | think that this is the crux of many of
the issues that we'll face because | think from the point of
view of asking what's the risk-benefit ratio, you need to know
what the risk is. From the point of view of nodifying the
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consent form you have to know how you're going to represent
that risk.
So | would like us to focus on, you know, what we

need to do and propose that the risk assessment mght be a first

t opi c.

CHAI RMAN  SAL OMON: Yeah, well, | certainly agree
with that. That's the first thing we're going to do. Yes,
let's doit. | agree with that, all of your comments.

Dr. Kurtzberg.

DR. KURTZBERG I was just also going to comrent
on informed consent and say that | don't think that no matter

how earnest you are or how detailed you are or how careful you
are you can always transnmit the information you are trying to
transmit, and | think that when people are faced with a child
with a fatal illness and they want hope, which you want to give
them that there are things that you hear and things that you
filter out or things that you put nore priority on because of
hope.
And whether you have a vested interest in this
because your child is sick or you have a conpany or you're a
researcher or you're a scientist, we all have conflicts of
i nterest when we make these decisions, and |I'm not sure when you
have a child with a fatal illness you can really have, you know,
an unconplicated, unbiased infornmed consent.
CHAI RVAN  SALOMON: Al right. Let's deal with
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ri sk-benefit first.

Ken and then Dr. Harl an.

DR. CORNETTA: Yeah, | think there are two things
that you can get sort of caught up on. One is trying to assess
what is the risk for an individual who gets exposed to
retroviral gene transfer, and | really don't think anybody here
can even approach what that nunber is.

I think for things that are stated, that nany
times folks who have been treated never really got gene
transfer, but | think relevant to some of the comments we had
from folks in the audience who had patients affected with this
disease is what is the risk to individuals who are facing
alternate treatnments, and it speaks to nunber A up there.

And what we have to try to od is |look at what is
the risk associated with gene therapy for this disease versus
what are the risks for transplants. Now, |'m an adult bone
marrow transplant, and | would love to see survival curves like
we' ve seen for SCIDs. | nean, it really is very inpressive.

W're also faced now looking at fairly limted
nunmbers for SCID with gene therapy, but actually the nunbers
there are pretty good, too. It's a terrible thing that's
happened to that one individual patient, but if this truly is
even a ten percent risk for folks going with that disease, it's
conparable or maybe even a little better with folks that are
being treated with hapl oi dentical transplantation.
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So as a risk, we really now need nore tine to know
is this really a ten percent risk or is this a one percent risk
or is it a 50 percent risk, and we don't know that, but | think
that's a critical question that relates to how we're trying to
sort this out today.

CHAI RVAN  SAL OVON: Ri ght . So just to make that
point really clear, what we've seen today is for transplants not
under three and a half nmonths, and, Dr. Buckley, correct nme if |
get this wong; we're |ooking at about 75 percent success rates,
and in this case with the gene therapy done in the XSClIDs, and I
didn't believe that it was different in the different disease
types.

DR. BUCKLEY: Ri ght . That's for t he
hapl oi denticals, and again, it depends on which center you're
tal king about. I mean, there are centers where the survival
rate is 48 percent or 47 percent.

So | think, you know, it varies from center to
center.

CHAI RVAN SALOVON:  Okay. Ken?

DR. CORNETTA: Just one nore point. Havi ng been
in transplant now for ten, 15 years, it's changed significantly,
and | think when you're |ooking at a |arge nunber of patients, |
think the standard of care -- we've seen transplant inprove over
time. So folks, yes, are getting better, but | also think we
need to consider that in the context of gene therapy.
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These are very early studies, and | think sone of
the questions that we'll address in the subsequent about cell
dosing and about vector we'll also see potentially inmprovenent
in that over time, and | think that's just another thing to keep
i nto consideration.

This is a bit of a noving target where we've seen
i mprovenent in transplantation. Hopefully we'll continue to see

i mprovenent s.

CHAI RVAN  SALOMON: I think that's a key point
you' re making. So just trying to stay with the nunbers that
were presented today, we're tal king about 75 percent about -- as

Dr. Buckley points out, in sone places it mght be worse, but in
a good center like hers it's 75 percent -- and in this case it's
one serious adverse event at three years in 11 patients.

DR. CORNETTA: But two patients did inprove, too.

DR. MACKALL: But let ne clarify. [It's 75 percent

survival. It isn't to say that the 75 percent, none of them had
adverse events. The Alain Fischer trial had 100 percent
survival .

This child hasn't died of this | eukem a.

CHAI RVAN  SAL OMON: G eat. Yeah, | nean | agree
with that.

DR. MACKALL: So, | nmean, | think we can't equate
this adverse event with death. I hope he doesn't die, and he
may not.
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Now, since | have the floor, I'mgoing to just go
ahead and make ny point about risk-benefit. Ili conme from a
little bit of a different world. I'"'m a pediatric oncol ogi st,
and so for a living | give chenptherapy to patients with bad
di seases.

And, for instance, Ewing's sarcong, we have

routinely a ten percent incidence of second nalignancies after
cure of patients with Ewing's sarconma. The nmlignancies are
treatment induced. They're induced by radiation therapy, and
they're induced by the chenotherapy that we administer.

Et oposide is one of the npbst comonly used
chenot herapeutic drugs out there, and it, depending on the
schedul e and reginmen, can induce |leukema in up to five percent
of patients.

So this isn't unique to gene therapy, and if we
threw out every therapy in cancer that could cause cancer, we'd
get rid of some of our nost effective therapies.

CHAI RVAN SALOVON:  Excel |l ent.

Dr. Harlan and then --

DR. HARLAN: One general coment and then a
speci fic one. The general one is that in clinical trials that
we have entertained, we have advised patients about potential
toxicities that then when they occur, they are shocked and say
t hey never |earned that that was a potential toxicity.

So there's a real -- informed consent is sonething
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that's very easy to say and extrenmely difficult to really
achieve. That's just a general comment.

The specific one is that it's a point that's been
made several times. It's that | call it tortoise versus hare
research. Tortoise research is stuff that's plodding along and
is constantly inproving. So inforned consent there is also very
difficult to achieve because the baselines in both are always
changi ng.

The specific coment though, and it relates to
what Crystal just said, is that we know at |east what the
toxicities are with haploidentical bone marrow transplant in
this situation. That's something that we have some data to do.

And it would seem to me we heard from Dr. Kohn
that an exclusion criteria is if there's not an HLA identical
bone marrow donor.

The specific proposal | would put forth is that an
exclusion criteria should be if there's not a haploidentical
donor, in which case there's alnost always going to be. At
| east we know what that profile is. Way shoul dn't that be the
basel i ne upon whi ch gene therapy proceeds?

CHAI RMAN SAL OMON: xay. So to get that clear,
you're taking a very different tact than the others took on
ri sks-benefit. You're saying you're going to nake the argunent
that in haploidentical transplants, we know the set of risks
because we've done 300 in the United States and 500 in Europe,
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and therefore, you don't buy the fact that the gene therapy has
anything to add on top of that. So you'd put all of these on
hol d.

DR. HARLAN: I think that the approach that
hearing -- | nean, the first law of nedicine that 1'm always
going to fall back on is first do no harm W don't really know

the risks of gene therapy. W know the devil of hapl oidentical

bone marrow transpl ant. So let's start with that, and patients
that fail it, for whatever reason, it seens to nme, to be the
|l ogical -- and we know it's efficacy, which isn't bad based upon
what -- | nean, it's not perfect, but it's not bad based upon

what Dr. Buckley told us.

And then wupon that franework we test the |ess
known t herapy.

DR. SORRENTI NG Yeah, | just want to bring up one
other point that came up today, too, that | think is very
relevant to A, which is the 75 percent of the patients that
survive haplo transplant, only half of them recover B cell
function.

And while these patients can be treated with 1VIG
it's an expensive inconveni ence, at the |east.

In contrast, the French study, nine out of 11
patients had fairly rapid return of B cell function, which is ny
under st andi ng of the data. So, you know, one has to keep an
open mnd about this. I think this is potentially a very
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i mportant issue.
The possibility, and the nunmbers are small, is
that gene therapy would be nore effective for reconstituting B

cell function in haploidentical transplant

DR. HIGH Well, | just have a related point about
anal yzing risk-benefit, and | guess | can say along with Dr.
Mackal | that we're all influenced by our background, and |I'm a

hemat ol ogi st who's not a bone marrow transpl anter

But one of the reasons, for exanple, that we don't
do bond marrow transplantation for sickle cell disease generally
is because of the up front nortality, and that's a little bit
what we're tal king about when we're |ooking at haploidentical
transplants. |If you say that sonething like 78 percent of those
people survive, so there's a certain fraction of those people
who will never have the opportunity to present to Dr. Malech to
use gene therapy as a sal vage therapy.

So I"'m not sure that the right way to think about
it is to use gene transfer as a salvage therapy. | nmean, if the
survival in the gene transfer procedure is 100 percent, then
shoul d you think of it the other way around?

MS. LORI KNOWLES: I just have sort of two
prelimnary questions that | need some information on first in
order to look at the risk-benefit ratio analysis. The first was
the causal question that you brought up and said that, you know,
was going to be necessary for us to but heads on.
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I don't know how we can do a risk-benefit analysis
until we actually address whether there is -- how we |ook at
that risk in relation to the causal factors with respect to the
i ntroduction of the virus. So nmy in thinking sort of logically
through it, | would need to know really what everybody thinks
about that first, then to be able to look at the risk-benefit
analysis. That's just the first coment.

The second is | would like to know sort of what
the quality of life is for the neonate group, the benefit in
t hat case.

DR. BUCKLEY: Let ne respond to that. The quality
of life for the patients who have been transplanted in the

newborn peri od has been excellent. W don't have any that would

fall into Dr. Ml ech's category over here.

But | would like to make a coment about the
either/or type thing. I think that if you're going to say,
well, you have to first have an HLA identical transplant or a

hapl oi dentical before you're allowed to do gene therapy, then |
think you're not going to have the sane situation that Dr.
Fi scher had in Paris where you had such great success because he
had de novo gene therapy, and he's not done any gene therapy in
pati ents who have been previously transpl anted.

Maybe that's why he's successful, is because he
did it in the de novo situation, and so | don't think you can
elimnate that as a choice.
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I would think that, again, when you're weighing
the risk-benefit you'd have to say, well, suppose you do a
hapl oi dentical and it doesn't work out and the child has chronic
di sease. Then you do the gene therapy, and maybe the gene
therapy won't work either because the child has a damaged thynus
or some other problem

But | just think that we should not ignore the
possibility of putting in this array of choices here de novo
gene therapy.

CHAI RVAN SALOMON:  The question | have back to you
is you're clearly one of the world' s experts on doing bone
marrow transplants in this group of patients. So if you had
unlimted resources to create a center, the Wrld Center for
SCID Care, to the extent that you haven't already created it, by
the way, at Duke with your own work --

(Laughter.)

CHAI RVAN  SAL OMON: -- but if you had the Wrld
Center, what would you do? Wuld you just continue doing your
bone marrow or would you bring Dr. Fischer because now you've
got all the noney in the world and everyone will cone to you?

So would Dr. Fischer dome and will all of these
guys cone and we'll all be doing stem cell gene therapy there
right next to your bone marrow transpl ants?

DR. BUCKLEY: If Dr. Fischer wants to rmve to
Duke, that woul d be wonderful.
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No, | just think that the reason that he was able
to go forward so well is the fact that he was not confined by
having to do this in a previously transplanted patient, and |
think that we should not ignore that fact.

And | think that, you know, he's had this adverse
event, but he's also had 100 percent survival rate, and he has
patients who don't take IVIG and so | think it's very
i npressive what he's done.

CHAI RVMAN SALOVON:  Ms. Ball ard.

DR. NOGUCHI : Excuse ne.

CHAI RMAN SALOMON:  Oh, |'m sorry.

DR. NOGUCHI: At this point what 1'd like to do is
just remnd people of -- [I'lIl paraphrase some of the FDA
regul ations concerning clinical trials because it is at the
heart of what we're discussing here.

As a physician, Dr. Harlan is absolutely right.
First do no harm But the «clinical trial involves hunman
subj ects in which the outconme is not predicted and it cannot be
known, and in fact, it is the mechanism by which we as a society
and wor| dw de have determined that where things cannot be known
a priori, there is a set of conditions under which experinents
are taking place with human subjects who may al so happen to be
pati ents.

This is one of the critical internal conflicts
that we as physicians and as scientists have in that as
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physi cians we want to do the best and not do any harm but doing
a clinical experiment is to find out what are the risks, what
are the potential risks, what are the potential benefits.

In that context of a clinical trial in which the
patients are patients, but in the context of their trial, they
are human subjects participating in an experinent to answer the
guesti on: does this therapy work or does it not work? If it
does, what are the risks involved with that?

And it is really an wunfortunate, but a very
central issue here. Are we talking about nedical treatnent?
Are we tal king about clinical trials?

CHAI RVAN SALOVON:  Ms. Mal | ard.

MS. BALLARD: When you talk about risk versus
benefit, there is no risk free therapy at this tinme, no matter
whet her you're talking about a bone marrow transplant, gene
t her apy, t he hapl oi denti cal transpl ant, a chenot her apy
transplant. There's risk in all of them

Yes, we need to know the neasure of risk. | f
there's any way possible to give the infornmation to the famlies
at the time they decide on a therapy, if there's a way to give
some reasonable neasure, but the fanmly needs to decide which
risk they wish to take on versus the success rate of the
t her api es al so.

CHAI RVAN  SAL OMON: Dr. Kurtzberg and then Butch
and then Dr. Harl an.
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DR. KURTZBERG: | have two comments. One is that
when you talk where the risk of the disease was already one in
100, 000, when you quote a risk of ten percent, one percent or 99
percent, it has a very different meaning to them than the
di sease that they already acquired, which had a nuch less likely
risk, but here they are with it. So that's the first.

Two, | would like to put forward to the FDA that
do not harm can also -- you can be doing harm when you withhold
prom sing treatnent, and if you don't test in a responsible way
prom sing treatnment, you don't make progress, and if you have a
disease that is already doing considerable harm that should
weigh into the equation, and | don't think do no harm by itself
carries a conpelling argunent.

DR. TSIATIS: As a statistician, |'ve been trying
to think about sonme of the conparisons that are being nmade, and
I"'mtrying to decide if we really have evidence that the risk
for gene therapy right now is worse than the risk of some of the
ot her met hods of treatnents, like, you know, the bone
transpl ant ati on.

And |I'm not clear. I don't feel like | have the
correct nunmbers in order to nmeke that assessment. For one
thing, when one is assessing risk, you don't just look at the
nunber of events over the nunber of people. Really what's
i nportant is how many person-years of exposure has there been on
a particular treatment and how many events were seen during
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t hose person-years.

And certainly there's a lot less of that with the
gene therapy than there is with sone of the other nodalities of
treatment, but wunless | could actually see those nunbers in
conparison to each other to make the judgnment that it is nmuch
worse right now, at least from a statistical point of view I
don't feel | see necessarily that it is nmuch worse risk right
now t han ot her nethods.

DR. HARLAN: Do my coment is | don't disagree
with anything that's been said, and | think the ideal solution
would be to get truly infornmed consent, but what plagues ne is
what | described earlier, that patients don't necessarily hear
it, but also the statistic that everyone should know is that if
a town has one surgeon, there will be 1X gall bladders taken
out, and if it gets two surgeons, now there's going to be 2X
gall bl adders taken out, and the popul ation as a whol e does just
as wel | .

So the gist of what I'mtrying to say is I'll bet
you that the patients in France sort of know that bone marrow
transplant is an option, but what they hear is this gene therapy
is probably better, and so that infornmed consent process gets
very murky.

And | agree with what Dr. Kurtzberg said about
that we need to take risk to advance therapy, but when we know a
therapy and we know sonething about the risks of a therapy, |
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think that we should always start with that first.

That's the only point | wanted to make.

DR.  COFFI N: I wanted to get back to the
denom nator issues. Actually my friends sonmetinmes call ne Dr.
Denoni nat or because | always ask questions like this.

But it was nmentioned that we can't know the numnber
or easily know the nunber of person-years in gene therapy, but |
think that's -- what | would like to know if we can know is the
nunber of person years that are engaged in this particular trial

just to begin to get a handle on at |east the local risks right

here.

Because | don't think gene therapy overall is at
all relevant to the particular case we're discussing for the
reasons that have been -- you know, when you don't have genes
inserted, they're very safe. W can all agree with that
probabl y.

So what is the nunber of patients and nunber of
years of total experience in this particular trial that we're
di scussing? Do we have that information?

CHAI RMAN  SALOMON: Well, just roughly from the
data we got that we were presented, there were 11 patients, and
probably the mean followup on that 11 is a year and a half
because the |l ongest is about three-some years.

DR. COFFIN: Fifteen years or so.

CHAI RMAN SALOVON:  Yeah.
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DR. COFFI N: So we have one adverse event of this
sort in basically 15 patient-years.

CHAI RVAN SALOMON:  Right, and then that would be -

DR COFFIN: So far.

CHAI RVAN  SALOMON: Yeah, and there | think we
al ready pointed out one of the things that makes it really hard
is that | was showing nortality data that Dr. Mackall pointed
out was an error. I was actually not nmeking an error. I was
saying it would even be nmore dramatic if you didn't take it that
far, but unfortunately that's kind of where we're at.

In terms of years? | have no idea how to do that.
Dr. Buckley, you'd have to help ne with that. | nean, probably
| ooking at 20 years with maybe a nean followup of five to ten
years in 300 patients?

DR. BUCKLEY: It was first done in 1968, but it
really didn't take off wuntil the early 1980s when T cell
depletion techniques cane out because before 1981, unless you
had an HLA identical, they all died.

So | think probably the conparison would be with
everything from 1981 on.

CHAI RVAN  SAL OMVON: And of course, the weakness
there, John, is those are nortality data obviously, and the
point we've already made is that it's 100 percent survival in
the gene therapy trial, but we're talking about a serious
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adverse event, and we really don't know what the quality of life
is for the 300 kids at five years, let's say, that were taking
as the nean followup. So it's a pretty tough conparison.

DR. COFFI N: The other concern here is it's not
like a chronic toxicity in an ongoing drug treatnent. | mean,
this is potentially a very heterogeneous disease. The question
is: are there nore of these? Are there nore sort of snoking
guns waiting anmong these other kids to show up in future years?

And so it's a very different thing to cone to
grips with in many other sort of risk-benefit analyses. We
don't know that this is the final story on this particular set
of patients, and we won't know that for a great nmany years
real ly.

DR. BUCKLEY: Can | just comment relative to that?

You know, | think your point is very well taken
because even though we followed patients at ny institution for
20 years, you saw the graph that the first speaker had show ng
the decline in Trks. W don't know whether these people are
going to have a nornal life expectancy or not. I think only
time will tell that.

And if there's a nore effective therapy that wll
last their lifetime, then certainly we should try to find that.

CHAI RMAN SALOMON:  Dr. Allan.

DR, ALLAN: I think as Dan knows, |I'm not a
transpl anter. So I'l'l just make that clear in the beginning.
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I'"'mnot a gene transfer person either.

I would sort of reiterate what John said, which
is, you know, we were brought in here to sort of l|like give you
some advice, and the data is just getting out there and has just
happened, and so it's very difficult to nmake some sense out of
what to do and how to proceed because there's not a | ot of data.

| mean, there's a trenmendous anpunt of data that

was presented this norning. I was overwhel med by how nuch data
was presented, but still, | mean, you' ve got one in 11 kids that
has what |ooks |ike |eukem a, and you don't know -- | don't know

how effective chenmptherapy is on bone nmarrow transplant
patients, and |I'm sure other people do, but so you don't know if
it's going to be 11 out of 11 down the road. You don't know if
it's age related, and that's one of the things we sort of
touched on this norning.

So you don't know if it's like the young they are,
the greater at risk they are for getting sonme sort of |eukeni a.

You also don't know if doing gene transfer into bone marrow
has, let's say, a greater risk than if you're using peripheral T
cells because | don't know if there are any peripheral T cell
| ymphomas or |eukemias in the early studies that were done with
gene transfer.

So, | nmean, you've got a bunch of unknowns. I
mean, these could potentially be risk factors, but | don't know
that they are.
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I mean, the age thing is certainly inportant, but
you also have to consider, you know, as other people mentioned
in Xlinked SCID is that that there aren't other treatments if
t he hapl oi dentical bone marrow transplant fails.

And so, | nmean, | think it's a very difficult
process, but it's not one that you can sinply say, "Well, gee,
we should just go forward because, you know, it's one out of ten
and it looks like that's the way it is."

And, on the other hand, it's like, well, are you
going to shut down all of the clinical trials because of one
| eukem ¢ patient.

DR. NOGUCHI: Welcone to ny worl d.

(Laughter.)

DR, ALLAN: I'm basically saying, | nmean, we're

still in the same boat we were before we showed up today, except

we have a | ot npre data.

DR. NOGUCHI : I don't mean to be facetious, hut
you will notice that we did not talk about any risk-benefit
ratio. In fact, for biologics and for rare diseases, each human

subject who happens to also be a patient that's entered
i ncreases the know edge base. It is very small. It is very
increnmental, but it is constantly changing.

You have potential benefits. You have potential
risk. What we know today is not what we'll know tonorrow, but,
yes, that is exactly what we're seeking advice on and to air
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this in public so that people understand that this is not a
trivial issue.

CHAI RMAN SALOMON:  Okay. Rich, Bruce, and Stuart,

were you wanting to? If you can turn yours off, I'll get to
you.

DR.  MJLLI GAN: Well, | was going to talk on what
Phil just said, and it's interesting that we're very happy that

we have sone better statistics about bone marrow transpl antation
as a form of therapy. And | wonder 15 years ago or so when
Rebecca was, you know, going through devel oping those nethods
why that would be different than it is at this point. That is,
you know, we do clinical trials in the way that Phil tal ks about
them to get statistics about whether things are safe or not
safe, and I don't know how -- well, | would say | don't think we
will be able to quantify the risk in any other way than doing
proper clinical trials to get those.

And if we all agree that having the marrow
transplantation statistics are very valuable because we have
something to conpare to, then why wouldn't this be a good way to
get the statistics to do the conparison?

DR. TORBETT: | guess, | feel sonewhat the sane
way . The question here is how high the hurdle will be. How
high do we want to set this hurdle before we go on?

And hearing all of the data and listening to Dr.
Denoninator, it's hard to figure out where to set that bar, and
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I guess that's what's being asked. Looki ng back over Dr.
Buckl ey's past history, again, if the bar would have been set
exceptionally high, we probably wouldn't be having this
conversation now and thee patients would be dead.

So I'm waffling back and forth, and | guess |I'm
trying to get a sense of where to set that bar, and it's just
not al together clear.

DR. BLAZAR: As a bone marrow transplanter, the
way | would look at this is if | had an HLA identical sibling
donor, | would probably nove to that because, just to be
concrete about this, the statistics there are quite good, and we
can deal with many, but not all, of the problens.

For the HLA nonidentical, despite Dr. Buckley's
i npressive data, nmpst of us proceed with caution under those
ci rcumnst ances.

The gene therapy approach is also being pursued
with caution, and | think the concern | have is really the |ong
term propensity and likelihood that some of the other clones in
these patients may becone | eukenpgenic. We don't know that, but
I don't see, just you know looking at this as a parent and as
someone who does bone marrow transplant, a very large difference
in the risk between gene therapy and hapl oi dentical bone marrow
transpl ant worl dwi de.

I do see a difference wth HLA identical
transplant, just to put this out there on the floor, and | would
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feel less enanmbred with going ahead with that if | had an HLA
i dentical sibling. But | would feel perfectly simlar in the
ri sk-benefit ratio of gene therapy at this point versus a
hapl oi dentical transplant.

And if | had the option and it was a newborn, |
would probably try the gene therapy approach wth sone
trepidation, as | would with haploidentical transplant, having

some trepidation.

DR.  ORKI N: I think |'ve given sone thought to
what the risk is, and | think I'll be exactly where John is. W
don't know the risk. I don't think we're going to be able to

figure out the risk no matter how |l ong we sit here today.
My gut feeling is the risk is probably higher than
we thought it was, but what we thought was is probably different

for everybody in the room

But actually as | just scan back to what was said
in the report seven years ago, we basically said -- and | think
it still holds, and I won't take any credit for witing this

because the report was witten by a whole slew of people --
because the clinical experience is so limted it's inpossible to
exclude long term adverse effects and only |ongitudinal clinical
studies will actually show that.

And so | think the conparison also wth
chenotherapy is very accurate. Any chenptherapy trial is
fraught with many adverse events, probably a higher frequency,
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and we don't know what the cumulative frequency events wll be
here, but probably the only prudent thing to do is watch
carefully and do what <can be done to extract the nost
information from the single case and any cases that come in the
future.

DR. KURTZBERG | agree with that and would go
further to say that there shouldn't be any reason that you
couldn't come away from this defining stopping rules like you
woul d for any other clinical trial, which would, you know, if so
many cases and so much time develop this conplication, that's
too much and then we stop and we go back to the | ab.

And | think that's where this should go right now.

DR ORKIN: ©On to the next case.

MR. BLAZAR | want to put Joanne on the spot and
ask vyou. Joanne, | wanted to ask you what you would do with

those different scenarios if you had an HLA identical sibling

versus a haploidentical versus gene therapy, just to get
anot her .

DR KURTZBERG well, | would go with the HLA
identical sibling first. I think that one is the easiest call
to nake.

Bet ween gene therapy and a haplo, | wuld also

throw cord blood into the equation, and I think all of them are
unknown and equally either potentially beneficial or risky and

shoul d be studi ed.
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And | think as long as the rules are well designed
and the studies are well designed, that they should all be
pursued at this point. I think personally 1'd probably go with
the cord blood, but that's what | do.

I'd probably do gene therapy before 1'd do a
hapl o.

DR. COFFI N: | think clearly, despite all of ny
m sgi vi ngs about what the future will hold for the other treated
patients, there's going to be sone class of patients for whom
the present vector strategy will probably offer the best bal ance
between these, and | think it's up to the people who have the
real clinical experience who probably can make the Dbest
judgnments on this.

But going forward, | think it's going to be very
important to start very seriously devel oping preclinical npdels
rather than relying on the clinical outcones to tell us that.
There's a good possibility for devel oping preclinical nmodels to
tel whether, you know, these self-inactivating vectors which
sound so great on paper but really require a test before we can,
you know, say this conmes through

I can visualize muse nodels that wll actually
not be that difficult probably to develop that would give us a
very good handle on what the potential for certain vector
strategies is for activating adjacent genes, and | think should
be really started to work on posthaste for all gene therapy, but
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particularly for this particular case, and perhaps for any other
successful gene therapy, is going to run into the sanme kind of
i ssue as |l east when retroviral vectors are involved.

So | think we should start very quickly on getting
that kind of thing going. But | think also there will be sone
class of patients that wll be obviously suitable for
continuation of gene therapy with the current status.

CHAI RVAN SALOMON:  We're getting close. There's a
group of people who want to talk. Let's do it: Barbara, Butch,
Ken, and Davi d.

Okay. We can go in that order.

MS. BALLARD: First, I'd like to ask him to ask
that question to nme about choosing what therapy to use because
I'"'m the parent here. And one of the questions, | know Dr.
Kurtzberg is about to |eave. Actually 1'd like to ask her if
she'd listen a mnute.

In your cord blood coment, ADA deficiency SCID,
chenotherapy is not a very good option in nost cases of ADA
deficiency SCID. The statistics have been very poor of them
survi vi ng chenot herapy because it tends to do too much damage to
the liver.

Do you still consider cord blood an option for an
ADA defi ci ent SCI D?

DR. KURTZBERG Yeah. I think in this ere of
transplantation, if you neasure B sulfan (phonetic) |evels and
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you do the right supportive care and you get a child early,
before they have five infections and are colonized wth
aspergillus and viruses, that, yes, those children can do well.

I think the trick is to do due diligence wth
supportive care and also to get these kids early, before they
have a | ot of organ damage from i nfection.

MS. BALLARD: I'"'m not tal king organ damage. I'm
talking the ADA deficient SCID specifically w thout the ADA
enzynme |eaves the liver unprotected. I only know of one ADA
deficient SCID ever to have survived chenot herapy.

DR. KURTZBERG el |, I don't think your
statistics are accurate. There are nore than one, and it can be
done, and there are choices for chenotherapy now, and there are
|l evels that can be followed, and with supportive care, it is

definitely possible, and we've done it and so have other

centers.

MS. BALLARD: Ckay. But then back to your
question of how to choose. Qoviously if there's an HLA
i denti cal si bling, that's t he opti nal situation, but

unfortunately in many of these cases that's just not an option.

Bet ween the gene therapy and hapl oi dentical, right
now the statistics are |ooking better for gene therapy. That
still has to be a very personal decision. You have to decide do
you wish to be part of a clinical trial, and as such, as a
parent, you becone part of that clinical trial yourself, and not
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everyone is going to opt to do that just because there are ten
kids with B cell function who are doing wonderfully.

It's a conmitnment to a long term trial, and the
parents do have to understand that, but they do understand that,
and that's the thing that you've got to understand and give the
parents some credit. They do wunderstand when they go
into these trials, and many wll choose not to. Many wil |l
choose to go with what is the standard therapy, but the option
needs to be there.

DR. BLAZAR: I think we're actually saying the
same thing. I don't disagree with anything you said. I was
just trying to put nyself in this place, which of course is
i mpossible, but I don't see a major difference in right now what
we know about the risk between haploidentical and gene therapy,
and then it becones a very personal deci sion.

MS. BALLARD: Ri ght . | agree. I think there's
risk to every therapy avail able right now.

CHAI RMAN SAL OMON: I think we're getting close to
where we need to be.

But ch, Ken, and Davi d.

DR. TSIATIS: As | listen to the clinicians, there
seens to be real uncertainty between the use of haploidentical
transpl ants and gene therapy, and | wonder if anybody has given
any consideration to doing a randonized study, and then we could
put up front the risk and benefits.
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CHAI RMVAN  SAL OVON: well, | nean, there's always
good things to be said about randonized studies, provided that
you can coordinate them properly and get |arge enough nunbers,
but you'd be the one to tell us that.

I nmean, | don't know that that's necessarily --
we're not in that position at the noment.

DR. COFFI N: Wen we present a study, whether to
do a random zed study, | think the issue -- and 1'd like to hear
what other people say -- is that the nunmber of patients we're
tal king about per year in the United States would nean that a
random zed study would take many, nmany years before we'd be able
to actually nake a concl usion.

CHAI RVMAN  SAL OMON: Yeah, | think we know the
answer to that. | mean, that's what will happen.

Davi d and then Ken.

DR. HARLAN: Yeah, | just would like -- | made the
nodest proposal earlier about the haploidentical, and Bruce's
question to Joanne, | think, nmade me change my position.

I  understood from the presentation that the
hapl oi denti cal prognosis was better. If the Duke team itself,
with the best statistics, feels that it's a fair tradeoff, then
I get back to your question. The ideal situation is to bring
Dr. Fischer to Duke and let patients decide.

Short of that, it sounds fair to ne.

CHAI RVAN SALOVON:  Ken.
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DR. CORNETTA: Maybe just to talk a little bit as
we tal ked before, Ms. Ballard, | think the hardest thing for a
pati ent perspective and froma fam |y perspective is being faced
with a potentially lethal disease and not having any choice, and
when you have two nodalities that there is not clear what may be
better or the other, enmpowering the famlies to be able to nmake
that choice is also an inportant thing, too.

So as we deliberate that, we need to keep that
consi derati on.

CHAI RVAN  SAL OMON: So if I -- 1 mean, | tried to
just let everyone go on this because that's very appropriate,
and | think just the natural flow of this brings ne to what |
think we could consider now as a consensus, and here | could get
myself into big trouble, but that's why | guess | get paid the
bi g bucks for up here.

(Laughter.)

CHAI RMAN  SAL OMON: So the -- just kidding, just
kidding. | don't get paid.

So under the thing of consideration of risk-
benefit of gene therapy wrsus alternative therapies, | think
that really it's obvious to everyone here that what the FDA
want ed expert advice on this first question was should they put
all of these skid trials on hold and keep them on hold until
you know, such-and-such information that we woul d uncover in our
brilliance today would therefore allow themto cone off whole.
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And | haven't heard that. What |'ve heard from
this group is that this was an absolutely clear serious adverse
event, and all of us are scared about it and all of us are aware
of the fact that it has inplications for the safety of this
whol e t hi ng.

However, one adverse event, serious as it is, in
the context of the whole field as we've refined it together in
our presentations and our discussions -- | wn't try and
articulate that again -- is not enough to advise the FDA to put
all of these progranms on hol d.

It is enough perhaps, and we'll go there now, to
tal k about the consents. It's definitely enough to tal k about,
you know, specifics about whether or not we could refine the
safety profiles for these programto go forward.

But just for Point A can we say that there's a
consensus here that these trials as proposed and as we nodify
them in the next hour, it's okay to take them off the hold and
go forward?

DR. WOLFF: |1'd like to nmake a coment.

CHAI RVAN SALOVON: Pl ease.

DR. WOLFF: You could say to have them go on, but
as soneone else had nentioned earlier, how many events have to
occur before one feels that it should stop and should we
establish sonething Iike that now?

CHAI RMAN SALOMON:  Yeah, | think we should discuss
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t hat . I"'mjust saying | think the first key point is that this
seri ous adverse event doesn't pull a trigger on all of these
gene trials. I nean, | don't think it does. I haven't heard
anyone, when the final discussions rolled around, that | heard
anyone at this table saying they thought it did, and that's the
first key thing we're here to do, is to give advice on that
poi nt .

Ali son.

MS. LAWION: | think | agree with you, but | think
that in saying that it should be allowed to go forward you have
to consider all of the other things that you will do at the sane
tinme. For exanple, the inclusion and exclusion criteria, the
i nforned consent .

So with that caveat, then | agree wth your
st at ement .

CHAI RMAN  SAL OMON: Then let's agree that that's
the advice we're giving right this second and go on to talk
about the inforned consent and some of the details. And then |
think to be fair and actually address Alison's point here, when
we're doing, we'll go back and 1'Il ask the sane question again
and see whether sonmeone is so unsatisfied with the resolution of
that that they would change that.

Is that fair enough? Ckay.

DR.  NOGUCHI : Excuse me, Dan. Thank you for
getting us to this point. [It's remarkable.
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I would like to follow up. I think it was Dr.
Denomi nat or, our good coll eague, John Coffin. In doing this I
think the statement has been nade or inplied that part of the
reason to focus on these trials is, in fact, this is a first
reproduci bl e, denonstrabl e evidence of gene transfer that has an
effect.

And conparing that to the other trials is not
really even m xing apples and oranges. It's alnost |ike shoes
and apples. And if we could get a little bit of a consensus on
how people feel about other trials vis-a-vis safety profiles for
this particular trial, that is, does the fact that we have 150-
odd trials that have had retroviral vectors not in SCID trials -
- how much bearing does that have if, in fact, the |level of gene
transfer is not very high compared to what we see in SCl D?

CHAI RVAN SAL OVON: It's funny because we've been
arguing for two weeks about how to put that into this agenda.

| nean, personally |I don't think that this should
-- again, this serious adverse event needs to get integrated
into -- this is my opinion now -- needs to get integrated into
the informed consents of all retroviral gene therapy trials. |Is
there anybody at this table after this discussion that would
di sagree with that?

The reality, as we've been told, and certainly |'m
personally aware of this, is that we generally do just that. |
mean, any retroviral gene therapy trial consent form that |'ve
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ever seen or witten basically acknow edges the possibility of
i nsertional mutagenesis.

So that | think the next step really is probably
this is not going to involve any significant rewiting of extant
consent forms or ones in the future. | think the real issue is

one posed in a nore real world, and that is how do we get this

out to all investigators to highlight that they need to go back
to these people and say, "Hey, there was an adverse event. It
was due to insertional nutagenesis. You need to be extra

specially aware of that, not just that it's, you know, a |ine
buried in acres of text in a typical consent.”

Does anybody di sagree with that?

Ri chard?

DR. BLAZAR: I think that Phil may be trying to
weasel out of us whether we want to have an opinion of what all
the other clinical trials have to offer us in ternms of safety,
and |'m happy to, you know, harp on this and say that ny opinion
is it has not really given us virtually any infornmation other
than the other parts, the least inmportant parts of gene therapy,
i ke can you use sterilized bags for your transplantation.

That is, you know, obviously those are the things
that you have to do in a proper fashion, but | would just say
that | think the answer is we mght want to come up with sonme
opi nion about whether we think now in retrospect how the data
that we've had in the past really has helped us and whether
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we've, in fact, gotten that across even in the consent docunent.

I mean, |'ve never seen a consent docunent that
actually has said that, well, there's been no reported serious
adverse toxic or deaths from gene therapy, but, in fact, many in
the field think that there's been so little gene transfer that
we woul d have detected it. That's usually the m ssing piece.

CHAI RMAN SALOVMON:  That's a good point. Yeah?

DR. SORRENTINO | just want to make two comments.
One is about the efficiency of gene transfer. You know, |
think it's inportant to note that in the case of SCIDs what
we're really seeing is very high levels of gene transfer due to
this trenmendous selective advantage that's in the T cell
conpar t nent .

In fact, the level of stem cell transduction as
reflected in the nyeloid series is actually very | ow. So it's
not really that gene transfer has gotten so nuch better and so
much nore efficient. It's the biological nature of this
di sease.

And to address, you know, the point that Phil
brought up, which is what about the other gene therapy
applications, you know, we've discussed this extensively at St.
Jude, and in mny ways Yyou can really think of tw mgjor
categori es: clinical gene transfer trials where the transgene
is intended or proven to be therapeutic, and then there's the
second class that, you know, we have tal ked about quite a bit,
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and it is a very tough issue, and that's marking trials where
retroviral vectors are used to follow the biology of a cell
population in a patient with the intent to derive a better
therapy for that group of patients in which the individual
pati ent cannot derive any benefit.

And | would argue that this is a very inportant
issue, nd I'd be interested in what others here think about now
with this new information from France. How does that inmpact
mar ki ng st udi es?

CHAI RVAN  SAL OVON: Okay. But | think we need to
finish with this particular agenda, and | totally agree that
some discussion of this is very appropriate and, | think,
necessary before we | eave here this evening.

Kat hy.

MS. KATHY KNOALES: Is it appropriate to start
tal ki ng about inforned consents now?

CHAI RMAN SALOVON:  Yes.

M5. KATHY KNOWLES: Okay. Several itens. Gai |

has got an article from | think, one of our Seattle papers
about | believe it was the National Academy of Sciences is now
moving forward in terns -- you have a series of articles. I
t hi nk Rosanna gave them to you. If you could please pass those
out .

A very large institution, unnamed but many of you

know who it is, has been cited by a nunber of national agencies
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for a lack of informed consent problens extending over an 18 to
20 year period of tine.

This was a real problem and in fact, the
institution is being sued by its patients, actually the famlies
whose patients actually died.

Secondly, in ternms of informed consents relevant
to this particular issue, these need to be conplete. They need
to be accurate. They need to be witten in an understandabl e
| anguage and give full disclosure to both the potential positive
and the potential negative outcomnes.

And | also agree that other informed consent for
ot her retroviral clinical trials should <contain |anguage
rel evant to cancer as well.

And that's it for the nonent.

CHAI RMAN SALOMON:  So | think that what we need to
do is cone to some sort of a consensus about what we want to
recommend to the FDA to do about consent forns in the existing
SCID trials that are on hold and also on all -- | think it's
fair to talk about this in the context of all retroviral gene
therapies trials.

I think one of the things that | want to see
incorporated in an advice to you is sonething that on "Front
Line" M. Celsinger had a -- one of the key things that they
came out with on really a superb "Front Line" show on the whole
incident with his son was a point where he went to an NH
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conference in the Natcher, where everyone at this table has been
at one tinme or the other, and having gone in there thinking that
he was told that there was like a 50 percent response rate, |
believe was the line, when the scientists got up and started
talking, it suddenly becane, well, it's statistically not
significant and all of that.

And he's going, "Wiere in the hell is this 50
percent response rate?"

So | think that to the extent that there's
anything in these consent forms, conming back to what Rich
Mul I'i gan has been talking about, if there's anything in these
consent forms tal king about how safe retroviral gene therapy is,
that needs to come out. I nean that's ny personal opinion, and
others on the committee should engage ne on that.

And that there should be a very specific reporting
to the FDA that we have shared this thing, this particul ar case.
There is a cancer that's possibly, probably, however the
wording wants to be, and then all of these consent forns be
| ooked at wuntil and everything put on hold until you can at
| east show that these things have been changed in the consent
form informed consent process.

Jon.

DR.  ALLAN: As a clarification, when you're
tal king about informed consent and whether to add, you know,
the possibility of cancer risk, | nean, to me | don't know how
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many gene therapy trials are involving bone marrow, gene
transfer into bone marrow. Maybe you can tell me, but because |
mean, |'msure it's not just for SClDs.

DR.  NOGUCH : We think at the present time it's
roughly 50.

DR. ALLAN: So | wouldn't be averse to putting in
the very defined wording that says, you know, there's an adverse
clinical event or whatever. In the informed consent it says,
you know, you have the risk of getting cancer fromthis.

You know, | don't have a problemw th that.

DR.  NOGUCHI : Just to clarify, part of this we
already anticipated and part of the reason for waiting until
today's discussion is to get some better understanding of
exactly what we're tal king about here.

I think it's very clear that gene transfer in
XSCID is associated with an adverse event that is related to the
treatment.

Now, that's a very powerful statenent about what
the reality is, and we do feel that's information that all
i ndividuals who are participating in retroviral vector trials
shoul d know. Again, we focused on first the trials nost closely
related to Dr. Fischer's trial, and again, with the idea that
those who are nost closely affected here at first is what Dr.
Fi scher had request ed.

The general population, yes, we were planning to

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

277

do that, but we would certainly appreciate help in how you think
we mght phrase this to the broader category of retroviral
vector clinical trials.

DR. ALLAN. Well, that's why | was getting nmore to
the point, which was |ike how many bone marrow clinical trials
are going on that involve gene transfer? Because, you know, we
don't know whether it's only in this one SCID patient or whether
it has sonmething to do with bone marrow transduction or what.

CHAI RMAN SALOMON:  Bruce, Rich, and Ken.

DR. TORBETT: Havi ng not gone through bone marrow
transpl antati on and perhaps sone of ny colleagues can share with
me, in the consent form for the nore serious cases, are all of
these kinds of problens, such as graph versus host, all
explicitly stated such that an individual knows that there's a
tremendous risk for the treatment?

And perhaps with gene therapy there should be a
simlar kind of -- now that there is an adverse event -- a very
simlar kind of informed consent.

DR. BLAZAR: W do a long process of education.
There are referring physicians. There are tapes sent. There
are nurse coordi nators that neet independently of the physicians
to make sure that there is as nuch ability to transmt the
i nformati on wi thout having the direct care invol ved.

And after all of those are said and done, then we
have two sets of conferences, a conference on the out patient, a
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conference on the in patient, and the forms are typically ten to
12 pages long, and we go through each of them in extraordinary
detail to the point where people really don't want us to have
gone into those kind of statistics, but we do anyway.

So it's a very long process of education that
begins all the way from the referring physician, and it's not
done energently. It's done several weeks before the patient
m ght be transpl anted.

DR. MACKALL: I nean, just to add to that, in a
form such as this, and it's appropriate, we focus very much on
the docunent. But the document is really just a docunent, and
it ampbunts to a laundry list of things that can happen

A good physician sits down and | ooks a patient in
the eye and say, "This is what's Ilikely. This is what really
concerns us."

And so sort of the dictumis informed consent is a
process. It's not a piece of paper, but just by necessity we
end up focusing on the docunment in the official realm

DR. BLAZAR: I think earlier maybe Lori asked the
gquestion or made the point that in the risk assessment you
really do have to have a sense of what was the relationship
between the insertion, and | think for the consent document the
nmost powerful thing is to have an opinion from us about that
answer .

And | would propose that it's sonething not Iike
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may have been associated with, but probably contributed to. And
I think that would go a long way in getting the point across.

DR. CORNETTA: I guess maybe just to get a
consensus here about whether we feel that what's been presented
today is definitive evidence that this has caused this T cell
outgrowmh, or do we feel that the data, while | think it's
fairly conpelling, is still at the point where it is probably
related or sone other term nology? Have we really conme to sone

consensus whether this is really cause and effect at this point?

CHAI RVAN  SAL OMON: Well, as | said in ny
i ntroductory coments, | presuned that we would have to butt
heads on this one. So | believe that you can always conme up
wi th another explanation. There's a lot of 1Q points sitting
around in here in this room today, but | believe that until I

see some other data, that this was caused by the insertion of
the vector. That's ny sense. It is causal. That's ny sense of
it.

DR. RAO Wuld you at least say it's one hit in a
two-hit process?

CHAI RMAN  SAL OMON: Ch, vyeah, absolutely, and |
think it was very clear fromthe biology of T cell |euken as and
LMX2 in hematopoietic malignancies that it's not a one hit
process. So absolutely. W discussed that.

DR. COFFI N: As | said before though, don't take
any confort fromthe fact that it's not a one-hit process. Even
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if it's not genetically a one-hit process, it can be in practice

a one-hit process where that one hit is enough to initiate the

process even if nore hits have to happen along the way. They
inevitably will in many cases. So don't hide behind that.

DR. RAC It's how you wite the consent form
You have to be accurate, and that's all I"mtrying to say.

DR. COFFI N: I would wite it in a way that |eft
that issue out. Not Ilying about it. | just would not bring it

up in a consent form

DR.  MACKALL: I don't think a patient really
understands the two-hit hypothesis. I nean, the point is if
they didn't have gene therapy, they wouldn't have gotten the
| eukeni a.

PARTI Cl PANT: | agree.

DR. COFFI N: My concern also would be that the
physician would m sunderstand that and use that to |essen the
i mpact .

CHAI RVAN  SALOMON: Dr. Kalle, Dr. Baum do you
guys want to opine on this? Did this do it or not? How would
you craft your sentence?

DR. KALLE: Wiy, | think the scientific discussion
and the discussion what the patient consent form should contain
may be erring on two different sides where | would feel for
myself it would be perfectly okay to err in the patient consent
form to what's saying, yes, the gene transfer caused the
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|l eukemia in this case for all we know today.

VWereas the scientific accuracy would, of course,
demand us to be much nore strict. So | think in the patient
consent it should be aired on the side that this is very
probably one of the contributing causes, but that would be ny
per sonal opi nion.

CHAI RVAN  SALOVON: Dr. Baum do you want to
comment on this, please?

DR. BAUM So yesterday | was witing such a
coment in a patient informed consent, and it said there is a
risk and we cannot say the frequency right now. We cannot
predict the frequency, and we have to balance this against the
ot her issues.

So it has to be fairly open, and for this specific
di sease under consideration here, | would say like the other
people in the panel that we should go for gene therapy only if
there is no HLA matched donor available and if the patient
agrees or finds that the risk of gene therapy may be |ower than
that of a haploidentical transpl antation.

CHAI RVAN SALOVON:  Ckay. So, yes, Dr. Ml ech.

DR. MALECH: I would enphasize al so the inportant
poi nt between what you tell a patient and what you believe
scientifically, and | really feel that what you really can say

today is that we can find no other reason than the gene therapy

for what caused this.
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Therefore, what you have to tell the patient is
that X number of patients in the world have been treated with
this, and one got a |eukema, and right now it could be higher
than -- what is it? -- eight percent, but right now we know t hat
at |least eight percent of people, neaning one out of X nunber,
got | eukem a and that we cannot rule out the gene therapy. And
it's got to be as straightforward as that.

The other coment that | would nmake is that one of
the things that has been driving nme crazy at NH but is
actually a good thing is that various IRBs -- and we have
multiple IRBs at NIH -- are starting to cone. It used to be
that every institute's IRB would have sort of different ways
that it would ask people to say things.

And now what's happening is that at |east sone
parts of the docunent are becom ng dictated. Now, they may not
be the best |anguage, but at |east everybody is saying exactly
the sanme words. It isn't the whole consent, but little
portions, paragraphs, things.

And | would say that this issue today is so
fraught that | would alnost Iike to see sone consensus of what's
said and that everyone says exactly the sane thing, at |east,
you know, what is said around it.

And | think that's a key point here.

CHAI RVAN  SAL OMON: Yeah, | have no problem with
what you said except one mjor issue, and you're welcone to cone
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back at me with it. I liked the way you put it, but | don't
like this nunbers gane. I nmean, you know, if it's eight
percent. | don't think that that belongs in here.

It's a serious adverse event. It happened.

That's it, because we have no idea what the nunbers are.
Because then soneone else is going to say, okay, sure, in the 11
SCI Ds.

Then |I'm going to say, well, but it wasn't going
to happen to nmy T cell gene therapy patients, or someone else
will say, "But you know, we did 300 T cell gene therapy narking
studi es and never happened."

Do you know what |'m saying? | just don't Iike
the nunbers part.

DR. MALECH: | think there's two issues here about
t hat . Nunber one is that ny experience with patients is that
they want to be given two things. They want to be given sone
ki nd of real nunbers because they don't understand statistics.

And then they want to know what would you do, and
obviously in the "what would you do" is always a fraught thing,
but at |east we can take care of the nunbers issue.

And |'"mnot dictating a specific way to say it.

CHAI RVAN SAL OVON: Can | make my personal coment
about nunmbers issues that | do in my own practice of organ
transplant patients nowis it's 100 percent if it's you and it's
zero percent if it isn't? So it's one patient.
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DR. MALECH: I don't think we're saying different
things. | feel that whatever we do, whatever the consensus is,
it wuld be a good idea if we all had exactly the same thing,
what ever that consensus.

DR. CORNETTA: | guess from the nunbers, it is
when you tell a patient eight percent, they're trying to figure
out that, but describing a study where you say there were 11
patients treated and one of them developed a |eukema, that is
something that's a fact that they can deal with, and that's
probably the npost informative thing for them and that may be
somet hing that could be a suggestion to be included.

DR.  NOGUCHI : I'd just point out that we don't
want to be in a position where we as professionals sonehow don't
see the patients and the patient's representatives. We have
t hem here.

VWhat woul d you like to hear?

MS. BALLARD: | agree with what he was saying,
mentioning that out of 11 cases there has been the one case that
devel oped | eukeni a. I think that's the nbst -- it's the easiest
way for a parent to take a grasp of what the reality is.

DR.  ALLAN: The thing that sort of bothers nme a
little bit because, | nmean, when | hear consent form you know,
my worry is that if you're a clinician, you're trying to recruit
patients or human subjects for this clinical trial, and it is a
clinical trial. You know, if you say, you know, there's a
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chance this is going to give you cancer, you know it's
docunent ed. There's an association that's directly related to
the use of this vector in leukenmia in one out of 11 children.

At this point we don't know if it's going to be
hi gher. It may be a ot lower, but we don't know if it's going
to be higher, and if you can present it that way to a patient,
then they'll have the informed consent, but if you go, "Well,
you know, there was one out of 11 that got |eukemia. W don't
know," you start to nmininize the serious nature of the fact that
one of these kids has |eukemia fromthis retroviral vector.

DR. BLAZAR: I mean, | would echo that, and when
Harry -- the way he put it, he said in a way, again, out of all
these patients one had it, and | think is what Jon was talKking
about, about the couching this in terns of the nunmber of hits or
what ever . I think it should be as potent and direct a pitch as
possi bl e.

CHAI RVAN SALOVON:  Yeah. | mean, |'m pushing for

that as wel|.

I nmean, | think the nessage you're getting from
everybody, Phil, is that if -- | know certainly |I'm thinking
personally now -- if someone is going to cone back |ater and

say, "You guys had this neeting. You gave the advice to the FDA
it's okay to continue with the SCID trials. It's okay to
continue with the other retroviral trials,” and then whatever
happens down the road -- and I'm in a position where sonmeone
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from the public, soneone's father, nother, brother, whatever,
gets up and says, "Well, you know, you didn't do infornmed
consent . You know, you said this. You said" -- | nean there
has got to be a way, if anything just to make it really clear,
that if we're going to go forward, the deal is that the FDA has
to really step up with it and make sure that there is, and |
like Dr. Malech's point; you know, just that there's wording in
all of these consent forns that is the same, and that we all
agree on it, and we're not going to get bitten by it later in a
public forum

DR.  NOGUCHI : I think that we appreciate that
advice, and | think that that's exactly the kind of information
we will take back.

I still would Iike to make sure that we understand
what the actual patients and patient surrogates would like to
hear .

Wat | think we can say, just in a general
concept, is if -- and based on the current data -- if you didn't
have a gene therapy trial for XSCID it's very unlikely you'd
develop this leukenmia, or the other way is there is a treatnent
cal l ed gene therapy. There is a leukema that's developed in
one out of 11 patients, and it seens to be related to the
treatment or it is related to the treatnment.

I think it is a fact that it is related to the
treat ment. Whether it's one, two, or ten hits, if you didn't
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have the gene therapy, would you get a |eukem a? And the
available limted worldw de data would suggest really not very
likely.

So | --

CHAI RMVAN  SAL OVON: I nmean, | think the way the
statenment ought to go is what | think was framed by others here,
and that is all of the scientific information that we have
avail abl e at this point says that this did it.

DR. NOGUCHI: Kathy, what do you want to hear?

MS. KATHY KNOWLES: I'd like to propose that this
Institute of Medicine and National Acadeny of Sciences report be
| ooked at in terms of the integrating that into your work. I
know you're working on part of that already. But | think | nean
in terms of all research centers should have boards to eval uate
scientific nmerits of an experinment and potential financial
conflicts of interest. Al'l experinments should be previewed by
an ethics board. Consent docunents should be designed to inform
participants in research, not protect research centers from
liability, et cetera, et cetera.

CHAI RMAN  SAL OVON: Can | ask M. Susko and M.
Celsinger if they would care to comment also on this discussion
of exactly what should be in an informed consent? And certainly
anyone else in the audi ence that would care to comment.

I nmean just give us a reality check. Have we done
what we said we'd do or haven't we?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

788

MR.  CELSI NGER: One of the comments on the |OM
report was that they changed the nane of the docunent to a
di scl osure docunent, not inforned consent.

From a patient perspective, you know, |'m not an
uneducat ed nman, and when we got involved in gene therapy | had a
basi ¢ understanding of what was going on, what was going to
happen, not at the level you guys understand it. So there's no
possibility of ne understanding that w thout going through the
whol e educati on process that you have undergone.

So the patient can't see that. He's not ever
going to see that. What you have to do is disclose to him all
the pertinent information that he can absorb, and now you're
going to have to deal with their education |evel. So you're
going to have to make it very plain and stated very sinply.

And you should err on the side of caution,
absol utely. You should warn these people that there is a very
great possibility that this gene transfer caused this condition
in this child.

Informed consent is a msnoner. W really need to

get away -- we need to get away fromthat. It doesn't work. It
gives people the illusion that what they're signing -- now they
know what they need to know, and it's not there. It's not true.

CHAI RVAN SAL OMON: | mean, to be fair, this form

can't do that.

MR. GELSI NGER: No, | under st and.
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CHAI RMAN SALOVON: But we can advise the FDA what
to do with the flawed instrunent that we have, and certainly
your point doesn't change the value of the points you made. It
does need to be made to a different forum That's all, that
limted piece of it.

MR. CGELSINGER: Right. | understand.

The conpassionate use aspect of this should be

seriously considered. W have a grandnother here. | don't know
if she's still here or not, but I'mtotally supportive of that
aspect of it. VWen you analyze the risk-benefit of this, |
think those people will be willing to take that risk.

So you know, when you go into that consideration
in these clinical trials where the alternative therapies haven't
wor ked, you know, then the use of this gene therapy is totally
appropriate, and I don't have any objection to that, you know.

And you know, that should all be in the infornmed
consent process, too, you know, that this information is
transferred to them You know, you've failed on these other
therapi es. Now you have this as an option.

But |I'm getting off the subject of the reason I'm
standi ng up here.

MR.  SUSKO I think | would enphasize in the
i nformed consent also the unknown quality. W have one out of
11 adverse events and a child mght die or mght not, but we
don't really know the real frequency.
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So you night say, "Well, yes, we have this risk,
but you know, it's unknown whether there will be nore or |ess
even. " So the unknown quality should be fairly admitted, the
truly experimental nature that's going on, | think.

And also just to reiterate, common |anguage is
very inportant. You don't want to wuse like insertional
nmut ati on. It can cause cancer, you know, sonething that
ordinary folks would understand, and certainly one hit or two
hit.

I just want to make another conment. Maybe cancer
is caused by a series of repeated stresses that add up, you
know. So you can't just say one thing is causing it, but the
net effect is the same. You're going to be left with cancer.

So just a plea for comon |anguage that mght |et
ordi nary people understand. Adnmit to what you really don't know
because it is truly experinental.

Thanks.

CHAI RVAN  SAL OVON: Any other comments about
i nfornmed consent fromthe panel or fromthe audi ence?

M5. LORI KNOWES: This is just really brief.
actually just really want to second that point about the nature
of the scientific uncertainty. I mean, there are a lot of
peopl e nodding their heads, but this is a comment that M.
Gel si nger brought up. This is a coment that our |ast speaker
brought up, and we've been talking about the nature of
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scientific uncertainty in this area.

I do think it needs to be explicitly and clearly
articulated in these infornmed consent docunents as well.

CHAI RVAN SALOMON:  Are you okay with that, Phil?

DR.  NOGUCHI : Absol utely. Thank you especially
for that guidance. We will be working on this.

CHAI RMVAN SALOVON: Ckay. The next issue here, |
think Alison introduce it again, but it has come in and out, and
we've had a lot of discussion on it, and that is, | guess,
should I call it an exclusion criteria? Anyway, the consensus
I've heard up until now, again, take this apart if it's not what
you think, but the consensus |'ve heard up till now is that if
you have an HLA identical donor, you shouldn't be -- these
pati ents should be excluded fromthese gene therapy trials as of
ri ght now.

I mean, if you have an HLA identical, the first
thing is that you would be excluded. However, if the choice is
that you have a haploidentical donor, or cord blood, trying to
pick up a thenme that was brought up by Dr. Kurtzberg, that you
then could make an inforned decision to do either the gene
therapy, to do hapl oi dentical transplant or to do cord bl ood.

Are we okay with that or not?

MS. LORI KNOWLES: | thought also that it would be
i mportant to exclude the neonatal group that responded very well
and that had the very high quality of life, which is why | asked
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Dr. Buckl ey when she was here.

CHAI RMAN  SAL OMON: OCkay, yes. That's right, and
in fact, that was nmy first introductory coment, was the early
LGs did well. So okay. W need to discuss that.

MS. BALLARD: Even Dr. Buckl ey brought up the fact
that Dr. Fischer's success may be pertinent to the fact that he
worked with kids that had not already had bone narrow
transpl ants.

And let's face it. Mostly the younger kids are
the ones you're going to be transplanting or going to be trying
to do therapy on, one of the two.

CHAI RVAN  SAL OMON: Okay. So that's an unknown.
Let's not say -- | nean that's what Dr. Buckl ey said.

MS. BALLARD: Right.

CHAI RVAN SAL OVON: But we don't really know that,
but that's okay.

MS. BALLARD: But even she brought up that point.

CHAI RMVAN  SALOMON: Yes, she did. No, you're
right.

Ri ch and then Bruce.

DR. MJLLI GAN: You know, | agree technically with
this, but I think that as a policy issue, it may haunt the FDA
at sonme point because if we get to it after we finish with this,
what about all of the other diseases?

In a sense does that nean that this body is going
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to, you know, do the same sort of thing for each of the many
di seases? That risk, is it an appropriate thing to walk through
these, have us wal k through these as opposed to state basically
this is the best we think.

But |I'm just wondering whether we should be
| egi slating that here.

CHAI RMAN SALOMON:  That's fair enough. Certainly
we're not going to take on all retroviral gene therapies right
now in terns of that sort of detail, but | thought that it --
and the answer here could be that we don't have a consensus.
I'"'m okay with that. Just to nme ny job is to reflect the
opi nions of this group fairly.

So if you don't believe that we can say that this
or that group should be an exclusion, that's okay. Put that on

the record.

DR. MJLLI GAN: I think that we do have a
consensus, but | think I'm just saying technically we have the
consensus. I'"m questioning whether the policy is the right

policy.

I nean, we've clearly gotten the nessage across,
and they can certainly take it home as a consensus, but it does
raise, | think, the inportant question of how the diligence is
going to be put to each of the many other cases that wll
surface when we finish with this one here.

CHAI RVAN  SAL OMON: Well, the reason that | think
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it's inportant to deal with is in the context of what Alison was
saying in that, okay, she's tentatively all right with agreeing
that there's a consensus that we should go forward dependi ng on
what sort of restrictions we do to nmold the existing study.

So | don't think we can hide from that and then
come back to it.

Dr. Puck.

DR.  PUCK: Even in Dr. Buckley's successful
studies in the first three nonths, those were not successful in
terms of B cell reconstitution, only survival. So when you
consider that they didn't do any better in their B cell
reconstitution than the patients transplanted older. | think we
really don't have enough information to exclude those
necessarily at this point.

DR. CORNETTA: Al so, having been in these
situations, there are always exceptions. So I think for us to
be arguing is it three nmonths or is it four nonths or three and
a half nonths that you put this line, and then the first patient
that will come along there may only have one potential haplo
donor and that has hepatitis, you know, and you get into these
t hi ngs.

So | think you have to give some credit to the
clinicians that are treating them to be able to sort these
i ssues out because it ends up being nore exception than rules in
t hese situations.
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DR.  MJLLI GAN: I think the safest thing to do
rather than trying to define what the alternatives are, say, is
that if you have a suitable HLA identical sibling donor, that's
the preferred treatnent. If you don't, then this is an option
rather than trying to make all of the other definitions.

CHAI RVAN  SAL OMON: | actually agree wth that.
I"'mvery confortable. That's what | was saying earlier.

Is that okay then with that discussion?

DR. KALLE: That was already the case in the
French trial also.

CHAI RMAN  SALOMON: Ckay. Alterations -- 1I'm
trying to follow this through. So Cis alterations to the cell
dose admi ni stered.

The only thing that hasn't been discussed enough
just because Dr. Kurtzberg had to leave, so let me share with
you. If you notice, when she was |eaving | was kind of talking
to her alittle bit on the side.

So her conmment was that with cord blood, matched
or unmatched transplants, no T cell depletion, npost of you here
know, but just for those who don't, the neonatal or fetal T
cells contained in cord blood are typically so wunreactive
i mmunol ogically and immture that you don't have to do the T
cell depletion typically to avoid the GVH.

And in those patients she said she can get success
with about one tines ten to the fifth CD34 cells per kilo, which
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woul d address an issue that, John, you brought up and others
pi cked up on, you know, that one would significantly reduce the
nunber, the theoretical nunber, of hits to get an insertional
mut ageni ¢ event .

I don't know. | nean, that's cord blood. | don't
think then that the point here is that there's any -- | don't
think Dr. Kurtzberg inplied that there was enough data now to
put everything on hold except cord blood, but I mean --

DR.  CUNNI NGHAM You know, | respect Dr.
Kurtzberg's opinions about cord blood, but npst of us who
transpl ant have been brought up with the idea that using -- and
I'd like to hear what Ken has to say about this -- using at
|l east two tinmes ten to the sixth is inmportant for engraftnent.

And it may be that cord blood is actually a very
special type of stem cell that nay have a different potential
from the type of stem cell that we're using in a post natal
situation.

So I think we have to be very careful, but it's
like the previous discussion about nunbers, limting us where
that's concerned.

Sorry. I should also point out that if you
remenmber our patient, we actually used two tinmes ten to the five
cells per kilo in the first transplant, and we got no narking.
So | don't want to draw too nuch from one patient, but | think
that's an inmportant point.
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CHAI RMVAN  SAL OVON: | actually was interested in
that and wote it down, except then you gave them 3.2 tinmes ten
to the sixth and didn't get any markings. So | kind of --

DR.  CUNNI NGHAM Wth the 3.2 tines ten to the
sixth we do see narking. It's just we haven't seen T cell
reconstitution yet.

CHAI RMVAN SALOVON: Okay. John and then Ken.

DR. COFFIN: These arguments are sort of all from
precedent, which is all fine, but |I'm not convinced that it's
absolutely witten into stone that these nunbers wll be
necessary. M question is just is it possible to design a study
to actually investigate the issue. Can one take patients and
start themwith a snmall nunber and watch what happens for a few
weeks, a nonth, and then step them up? Is that -- 1 know
not hi ng about this subject. So is that a possible thing to do?

DR. CUNNI NGHAM  Maybe Dr. Puck would like to talk
about this as well, but you know, the issue is wth these
children we have to wait 90 to 120 days anyway to see if there's
a response. So we're putting those children at risk for those
120 days by, say, starting at, say, one tinmes ten to the five,
whi ch we don't know is an optimal dose.

Thirty years of transplants suggests at least in
myel oabl ative situation that you need approximately two tines
ten to the six CD34s per kilo. Now, that's a very rough nunber.

So, you know, | don't think there's any data there to design
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that kind of trial, and you may put the children -- you know, we
go back to the risk issue. You may put the child at risk for a
gquestion that is not possible to be answered in a small group of
pati ents.

DR. COFFIN: Well, if there are nobre cases of
mal i gnancy anong these children who have been treated so far,
one mght revisit that risk issue, of course.

DR. CORNETTA: I think there are a couple of
poi nts. One, we've been talking about CD34 nunbers, and
generally those have been derived from folks that are getting
abl ative transplants, and | don't know in regards to the nunbers
that Dr. Kurtzberg was generating whether those were fol ks that
got ablated, but | suspect they probably were.

So it's hard to know how that relates to a disease
like X-linked SCID where you're generally not ablating these
patients, and the nore |'ve been thinking about this, the nore
my head is spinning about a variety of issues.

One, | think the discussion sort of assunmed that
CD34 is the stemcell, and it's clearly not. And so if you want
to decrease the cell dose, again, should you be actually | ooking
at a nore purified population so that you're starting with |ess
ones, especially in this case, because we aren't trying to get
myel oi d engraftnent. W specifically want to get T cell
engraftnment, which is slow to begin wth.

The big issue which | think is unsettled for gene
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therapy is the issue of conpetition, which is probably related
somewhat here, but certainly for other types of bone marrow
transpl antation, what is the normal pool that you're conpeting
with?

And we see a potential here for an outgrowh of T
cells, but what is the population we really need to hit? It's a
really conplicated issue. This may be sonething where we need
to challenge the people that are doing these trials to really
think through these issues and be asking questions to try to do
t hat .

But 1'mnot sure we're going to define the science
here of these conplicated issues.

CHAI RMAN SALOMON:  But | think the one thing, as |
said in ny introductory conments is we all realize now that the
CD34 popul ation contains a whole Iot of cells, and the true stem
cell there is sonmewhere between .5 percent and maybe two percent
in a bone nmarrow, right? Depending on where you get it,

mobi l i zed or cord bl ood.

So, | nmean, the real question would be are there
ways to target the true stem cell that's wthin the CD34
popul ati on, and if you <could do that, then one would

significantly reduce the risk of insertional nutagenesis just by
doi ng the mat hemati cs.
DR. CORNETTA: Now, would you also change their
engraftnment potential? These are really difficult issues.
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DR.  NOGUCHI : Before we go on, I'd like to take
off cord blood from the discussion. That's a separate set of
i nvestigations that should not be considered any standard of
therapy at all. It is under advisenment as to how we are going -
- we called for data to see if we could create standards for
cord blood bank allotransplantation, but we are not finished
with that. So if we could take that off the table.

CHAI RVAN SALOVON:  It's off.

(Laughter.)

DR. CORNETTA: But, Dan, | think the comments that
we' ve tal ked about CD34 in these populations relate to any type
of transplantation. 1t's not just cord bl ood.

DR. MJLLI GAN: I mean, | think this is definitely
a -- we should sensitize people to be thinking about this, but
it's definitely a research issue. It's nothing that could be --
we coul d advise to only use such-and-such.

And just to kind of nmove us ahead, | would think
the vector dose would be exactly the same sort of thing, you
know.

CHAI RVAN SALOMON: | nean, right. | think the one
thing I've heard is that these vector doses are getting around
one copy per cell, you know. So | think there's no reason to
talk about vector dose change unless sonebody disagrees with
t hat .

Mappi ng. W've got to deal wth this, guys,

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

301

because this could be a real problem for investigators in the
field, and that is nmapping of vector insertion sites on all
clinical lots of cells prior to release for clinical use.

I mean, that's a classic FDA nove.

(Laughter.)

CHAI RVAN  SAL OMVON: I'"m sorry, but you can tell
from the way | put that that | do not -- I haven't heard
anything that would scientifically support doing that, and
again, that's up for discussion.

Bruce.

DR. TORBETT: I think it would be |like Stu said.
Basically you'd use all of your sanples and then there is no
risk of getting |euken a.

DR, MULLI GAN: I think also Stu's point, which is
very inportant is that there is an increasing sense and there's
many nore targets that would be kind of dangerous targets, and
so it's probably a fruitless approach to take.

I think Christof talked about whether you m ght
use that approach in the course of looking at the patients to in
addition to looking at counts, see if there's any specific
clonal outgrowth or sonething like that.

I even wouldn't say we've advised people that you
had to do that, but that would be sonething that would be
probably an inportant part of a good clinical analysis.

CHAI RMAN SALOMON:  That's actually a good segue to
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where | was goi ng next. Before we go any further just because
this is such a critical thing, | think is there any dissention
by anyone? I mean, does anyone think that we ought to be
recomendi ng insertional mapping on the clinical lot before
rel ease?

Okay. |Is that clear? Good. Thank God.

So the next question though is in the sense of
safety, what should be recommended to the FDA with respect to
nodi fications of these existing SCIDs protocols with respect to,
you know, should they be looking for fill in the blank, you
know, an expansion of a specific T cell alpha-beta clone,
expansion of a gamma-delta clone, a specific insertion site that
energes as a single clone.

Anyone have any comment on that? I mean, ny
personal opinion is that we probably should request each of
t hese protocols to cone up with sone sort of a safety nonitoring
procedure that includes this new data, but that's my opinion.

DR.  COFFI N: Yeah, | think close nonitoring for
outgromh of single clone, proviral integration clone is the
most telling thing to look for, and | think that's actually
somet hing that should be incorporated into all retroviral vector
trials.

Wherever one can access the -- |like as with bl ood,
where one can access the population of cells that have been
treated, | think one of the things you can really do is |ook for
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the clonal outgrowh of specific proviral insertions, which my
or may not actually be an oncogenic event. It may reflect other
kinds of selection or just a chance event, but | think that's
the one thing that can really be | ooked for with certainty.

DR. SORRENTINO:. As | think about that point, the
problem | have with it is what would you do with the information
if you see the emergence of a clone in a patient that has a
nor mal peripheral bl ood profile?

And you know, secondly |I'd like to point out that
in the early studies of gene transfer in nmice, it's actually
typical to see a polyclonal hematopoiesis beconme oligoclonal,
and then with tine becone nonoclonal in the absence of any
functional abnormalities.

So, you know, while the information would be
scientifically interesting, |'m not convinced that it would
increase the safety margin in any way or provide useful
information to the clinician.

CHAI RVAN  SALOVON: I actually would take an
opposite point of view I mean, from ny thinking here now,
we've said there's definitely been an event that to the best of
our know edge has produced a cancer, you know, in the context of
all the refined | anguage we use.

I don't think you can really go forward with these
trials and not incorporate sone sort of nmonitoring, you know.

If you're showing it has occurred in this kid, at

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

204

13 nonths this clone was diagnosable, and we really didn't know
what was com ng, you know, at 20 months.

Yeah, sure. I'm not saying that you would
suddenly now treat the kid with chenotherapy at 13 nonths, but |
sure as hell a few years from now want to know how often this is
happeni ng. You know, if it turns out that in the first 100
patients that really get successful retroviral nediated gene
t herapy, that 25 percent of them show clones and ten percent of
them get |eukemas, | want to know that, and the only way |'m
going to know that is if you're nonitoring it.

So that's ny point of view

DR. MUJLLI GAN: I mean, also we did sone of the
work that Brian is talking a&out in the early days doing gene
transfer infections, and | thought it was very inmportant to give
the field a sense of how nmany cells you're infecting and al so
| ooki ng at therapeutic indices.

You know, in our case, as you know, often there is
only one or two contributing stem cell clones, and over time a
new one would all of a sudden contribute, and it wasn't
necessarily a |leukemic <clone, but it often had different
characteristics in terns of transcription and so forth.

And so adding that in would give you sonething
very inmportant if like you were seeing some therapeutic effect
and then all of a sudden conpletely disappeared. That may be
because another clone is nmaking a contribution. I think it's
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qui te hel pful .

DR. COFFIN: | think a lot of the times if this is
a bad event, it will be at an identifiable integration site. I
mean, we saw that today, and we can see it again. As soon as
you see a clonal provirus comng up, the very fact that you can
see it means you can al so sequence the integration site.

If that happens to be in the first entrant of c-
myc, for exanple, | would start to get very concerned, and |
woul d consi der starting that patient on therapy right away.

I mean, we have a lot of know edge of what are
really bad spots in the genome to have a provirus in, and that
could give a head start on therapy even before.

The other thing is that if you see that, then you
could also at least in principle get those cells and ask whether
they were becomi ng nonoclonal for T cell receptor rearrangenents
and other bad signs of overgrowth of clones that shouldn't be
t here.

CHAI RMAN  SAL OMON: Alison, Linda, Dr. Puck, and

t hen Mahendr a.

M5. LAWION: I just wanted to ask a question
because |I'm not famliar with the nethods used about this
recomended screening, and so | have a question of if you're

going to start doing this how frequently would you need to do
it. How easy are the nmethods to do that?
Because that obviously has a big inpact on whether
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this would be an appropriate way forward.

DR. KALLE: O course, we only have the experience
from this one case. We had thought about a strategy. o
course, this is nore at the scientific level right now because
it is not a GLP procedure type of study, at |east not at the
current point in tine. It is more conplicated than just a PCR
reaction. It's probably something that takes about two days to
acconplish for a whole set of sanples.

VWhat we do say though is with the dynanmics of the
clone growth that we have seen, probably screening it every
three to six nonths would be sufficient if we would argue from
the base of this case, as well as from the nouse |euken a that
we have | ooked at, both of which have taken a significant amunt
of time of clonal proliferation to devel op.

DR. WOLFF: | agree with John about trying to find
where the clonal integration sites mght be because you could
end up knowing that it's a specific oncogene that was previously
i nvolved in human cancer and that sonme treatments are already
beconm ng known for that specific type of alteration.

For exanple, if it was in a retinoic acid receptor
alteration or sonmething, you might want to give retinoic acid to
the patient, but that's just a general idea.

DR. PUCK: I just want to make a point that |
think this is a research question that is extremely worthwhile,
and it's certainly reasonable to ask every clinical trial to
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include it, but recognize the difference between a research test
and the kind of test that would be a G.LP or CLIA approvable
test, which you know, this has definitely not reached that
I evel, and therefore, the idea of using it to design therapy has
to be really questioned at this nonent.

DR. COFFI N: I"m talking only in the context of
research trials right here, but all approved GLP tests started
out as research tests at sone point or another and then worked
up that way when it was seen they were necessary.

DR. NOGUCHI:  You should not be afraid of doing a
test that you can do. I think the point is if it can be done,
the next question is of standardization and reproducibility, but
if you don't do it and five years from now suddenly sonme of the
previ ous bone marrow transplants with the retroviral vector in a
non- SCI D patient devel oped something, you are not going to be
really in a good position to say, well, | just didn't have a GP
test for it.

We don't have a GLP test for West Nile virus.
We're going to be pushing on that, and we will get it done, but
you have to try.

CHAI RVMAN SALOVON:  Mahendra and then Rich.

DR. RAO | guess the point has al ready been made,
but there also seens to be sone advantage in doing the test
because you saw them becone nonocl onal or oligoclonal nmuch nore
rapidly in that one case than you saw in the others, and then
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you | ooked at the tine course.

So just a tenporary profile mght give you some
clue, not just necessarily on research, but nay also give you
some warning in an early case.

DR.  MJLLI GAN: And | just think we could just
recommend that we think this is inportant and not say you have
to or anything, but just that this is something we think is an
i mportant test.

CHAI RMAN SALOVON:  Ken.

DR. CORNETTA: Maybe "Il over a different and

that is to require archiving of sanples because | think you're

getting -- having gone through these trials, you're adding a
tremendous amount of work onto a variety of trials, and |I'm
still not clear. | think people are tal king whether this should
be an X-linked SCID or this should just be all retroviral

trials.

If you have one percent of the sales that have the
vector in it, you still have to go and [ ook. Is that clonal?
What does it nean? Is it going to -- you can do all of this
wor k, and six months |ater that clone may not even be there.

We probably need to think through these things,
and you may need to set sone boundaries of if it's 50 percent of
your sales are marked, looking then to see whether that's a
cl onal popul ation.

But right nowit's a very | oose discussion of, you
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know, we're |ooking at what potentially nmay be a really rare

event and not be clinical and require people to do a lot of

wor K.

And | think even the LAM PCR, | think, is
proprietary still at this point. No?

So but | think these are certainly going to

conplicate especially as trials nmove into Phase 2 trials or even
Phase 3 where you have lots of patients put on, and we may be
getting a lot of data that may not be useful.

CHAI RMAN  SAL OMON: I don't disagree with that at
all, as long as we are square about the concept that the
response to this new data that there was an insertion is
something that we need to be very clear can't be forgotten in
any retroviral gene trial going on right now.

Now, | don't think just sticking stuff in mnus 80
freezers and forgetting about it is enough for me. At the sanme
time, | absolutely acknow edge the reason of your point, that if
it's one percent and a nonth later it's gone, |I'mnot interested
in, you know, creating this overarching, you know, craziness or
runni ng around doing a test |ike that.

So | think you're right. It should be refined. |
think that was Rich's point as well, but | also don't agree
that, you know, just solve this by archiving.

DR. BAUM I just wanted to nmake a kind of
unpopul ar comment here. This also has an econonic inpact, such
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a recomendation. Already now its nonitoring is highly
expensive of the stem cell gene therapy and other gene therapy
approaches, and | don't know what the costs would be, but |
consider these extrenmely high, especially when it cones to GLP
type testing.

And this definitely, at least from the European
perspective, would draw any attention of the pharnmaceutical

i ndustry out of this business, out of this area.

And many people say -- we hear it in the coments
of the ASGI -- we need the support of the industry to devel op
the field. We cannot go ever beyond Phase 1 trials when we

don't have it.

And such a recomendation has an enornous
econom cal inpact, and we really have to consider whether this
applies to specific what | would call internmediate risk or high
risk applications and whether it has to be applied to all kinds
of retrovirus or other virus manipul ations.

CHAI RMAN SAL OMON: | think that's fair, too. And
that cones under the idea that it would be appropriate, as Ken
and Richard said and so you as well, is that we refine it and
make sure it was applied in appropriate settings.

DR. MJULLIGAN: It could be a time dependent thing,
too. | nean, | think what's inportant is that we give the sense
that we're very concerned based on this patient, and so there's
great apprehension that, in fact, it could happen to every
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patient.

And until we maybe have |ess of that concern, |
don't think it's unreasonable to | ook at these existing patients
in a very careful way.

CHAI RMAN SALOMON: | woul d take the position also,
and | think the FDA is -- |I'm nost confortable in terns of
coaching advice in this sense, and that is it becones sonething
t hat each sponsor for each trial gets to address.

I nean, we don't have to come across as saying
this is absolutely a blanket, but I think we should say to the
FDA that in any case in which the sponsor creates or, you know,
is proposing a trial, whether that sponsor be in an academc
institution or in a conpany or in some hybrid, that they have to
account for this issue and how they're going to deal with it.

If they can convince the FDA that for this or that
reason it's low risk and, you know, they can only do it every
six nonths, which by the way | think would probably be fine,
you know, that's fine. That would all be appropriate, and |
think we still can stay with a very clear nessage to the FDA
that to the extent that we've learned today that an insertional
event caused sonething that was diagnosed -- well, at 13, 14
months it first showed up and the kid had a |eukema at 30
nmont hs. That's going to reverberate in ny nind every single
time a retroviral gene therapy trial is stuck in front of nme
from now on.
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DR. BAUM Maybe one |ast short question here.
Wuld you ask a pharmaceutical conpany that develops an
al kylating agent for chenmotherapy to develop a nethod that
allows clonal tracking of nutogenized (phonetic) clones?
Because the incidence of secondary |eukenmias could be ten
percent ?

That is basically what you're asking now for
retrovirus methods. So it just needs to be kept in mnd

DR. NOGUCHI : Yeah. Can we get back to the
specifics here? And then you could perhaps anplify it. | think
we take the larger issue of retroviral vector integration both
the therapy that has an adverse event in general as a concern,
but what about the SCID trials? Are you saying or what is the
consensus saying here? That this is a nice research thing and
in one case it predicted possibly that X nunber, 12 nonths
before that |eukenmc event could be detected clinically? That
was a hice thing, but think about in the other XSCID trials, or
is it something nore than that?

DR.  ALLAN: Yeah, 1'd like to sort of conment on
t hat . One is that the technology that you' re talking about is
really for mapping. You're actually mapping the integration
sites, and we really don't need to know at least initially, and
if you're doing clinical patients, you don't need to know what
the integration site is. You only need to know whether it's
nmonocl onal , oligoclonal, polyclonal, and you can do that fairly
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cheaply by PCR and --

PARTI Cl PANT: Restriction.

DR.  ALLAN: Yeah, you can do a Southern Blot,
restriction through Southern Blot if you have to, but, | nean,
probably that's not going to be sensitive enough.

So | don't know that it's prohibitively expensive
or that difficult even, and | think that, you know, if you're
going to od it every six nonths, especially in the case if
you've got cancer in one out of 11 kids, | don't think it's
unreasonabl e to expect that.

DR. KALLE: Yeah, | just wanted to conment that it
is a PCR assay, that of course, we have made it available to a
nunber of research |aboratories by also teaching other
| aboratory nenbers from other |abs howto do it.

Of course, to do it in many different |abs would
cause other problens of standardization, but we would, of
course, be cooperative either way.= to help out with this.

DR. TORBETT: I"m speaking toward the SCID trial.

I"'mtrying to get back to what Phil was bringing up because |
think that we already have noticed that there could very well be
other or at |east there has been one |eukenic event, and | think
following at |east these groups of patients or others that are
transplanted simlarly, right nowit's inperative until we get a
little bit nmore information to nake other decisions.

We've had an event. There's a way of tracking it,
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and | think we can go on. Whether or not it's general for al
retroviral therapies | think is a bigger question, but from ny
own, you know, perspective, | think at |east for these kinds of
trials, it needs to be done.

CHAI RMAN  SALOVON: | can't |leave here without
being really clear. It needs to be done. That's my opinion

Again, we've got to be a little careful here in
that -- and |I'm perfectly happy that the diversity here is a
group of people in our second row here who have got, you know,
reasons to want or not want to do this, but | think from ny
point of view and from the point of view of the panel, | think
in SCID trials you've got to do this.

Now, exactly how you've got to do it I'mwlling
to allow each of the sponsors to discuss it and cone to an
agreenent with FDA staff, but | don't think that anyone is
saying that it shouldn't be done.

Am | nmisreading anything? Ken and Kathy?

DR. CORNETTA: | think requiring a nmonitoring plan
be developed in each protocol is key, and again, there may be
differences which each protocol in the populations that my
change those. So having a bl anket statenment here today woul d be
i nappropri ate.

But | think requiring that there's a nmonitoring
plan for this and all protocols would be the reconmendati on.

CHAI RVMAN SALOVON:  Kat hy?
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MS. KATHY KNOALES: I think nonitoring is very
i mportant, but also, too, the point that Abbey made, and |I'm
going to kind of reinforce it, about establishing the gene
therapy clinical registry systemis really, really inportant as
wel | .

DR. NOGUCHI: Yes, we heard that very clearly.

MS. KATHY KNOALES: | know you did.

CHAI RVAN SALOVON: Okay. Yes, Dr. Ml ech.

DR. MALECH: | actually would strongly agree with
you, but | think that one of the words that Dr. Cornetta brought
up was boundaries and trigger points, and so | think obviously
each of wus investigators are going to have to go to the FDA and
say, "Here's what we propose."

And it's alnost certainly going to be nore than
just storage of sanples. It's got to be something |I|ike
assessnent of clonality. But then once you get to that point,
it's an infinite nunber of things you can do.

You can sequence each of the clones. You can go
on, and so there also need to be trigger points. That is,
sonmet hi ng has happened to the patient in addition to clonality.

For exanple, in Dr. Kohn's studies, he had oligoclonality, but
it wasn't a problem So we have to have other trigger points.

I don't want to define them here, but we'll
obvi ously be proposing themto the FDA that will say: okay. W
have nmonoclonality and such-and-such happens to the patient.
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That triggers a bigger assessnent.

But | think that's how it has to be thought about.

CHAI RMAN SALOMON:  That's excel | ent.

So I'm thinking at this point it's a few mnutes
after five. W didn't do the very last thing, which was
alterations in vector design. That's -- Carolyn, you're giving
me a significant |ook.

I nmean, I'mwlling to take it on if the group is
willing to take it on. I'mjust thinking that |I'm not sure what
it is we're going to tell you in ternms of vector design at this
poi nt .

M5. W LSON: I think that sone of the conmments we
heard from various scientists earlier nade it clear that it's an
i nportant research question, but probably not sonething that
would influence the clinical trials that are ongoing at this
stage, unless others feel differently.

CHAI RMAN  SAL OVON: Well, let's just nmake sure we
agree with that.

| mean, the only thing I'd throw out if sonebody -
- | nean, if we would say that -- this is getting pretty far out
onto a linb -- that it's the enhancer elenment in the LTR of this
particul ar vector that was the problem

I just can't believe that |'m going to get anyone
to agree that, you know, now we should nutate that enhancer
el ement or sonething like that, right? | mean, no one is going
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to go with that.

DR. MJLLI GAN: I would agree that, you know, for
someone who likes to nmeddle with these vectors, there's so many
things that appear that they're really fancy work, and then when
you really look at them carefully, you have to be very careful

You woul d never at this point say you have to do this.

| do think that the suicide vector feature, which
is another one that has really never worked as well as --

CHAI RVAN  SAL OMON: | didn't pay himto do this,
Phil .

DR. MJULLI GAN: But | actually predict that at sone
point in the future we nmay sit here and advise you that that may
be a critical feature, but not at this point.

DR. NOGUCHI: | think in general we like to say we
are dealing with an issue right now that has risks and it has
benefits, and our preference is let's deal with that before we
start changing things, which will ultimately nultiply all of the
concerns and all of the anbiguities enornously.

Here we have an opportunity to try to understand
this particular trial, this particular disease, this particular
t her apy.

DR. TORBETT: 1'll have to agree with Rich though.

| think that sone type of suicide systemin the long termis
going to be really effective in a situation like this, and I
think that's something that should be consi dered.
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CHAI RVAN SAL OVON: | think the other comrent that
I would have is if we think about everything we've heard today,
it isn't anything that we couldn't have figured out a few years
ago, but the idea of using powerful internal promoters in these
genes is sonething that | think we just can't resist, but Kkick
to a little higher |evel of concern as we go forward in other
retroviral gene therapies.

Rachel and then Linda.

DR. SALZMAN: | want to make one comment back on
characterizing the patient subject population. Since Dr.
Fi scher had mentioned that this one patient nunber four had a
famly history of medulloblastoma, that there might be sone
predi sposition to cancer. So | just wanted to add the coment
that | think it is inportant to do fanmly pedigrees, maybe to do
sonme -- | don't know about this, but | know there are certain
genetic mapping can target certain genes that are related to
certain cancers just to further characterize, not to include or
exclude them j ust to characterize the patient subj ect
popul ati on.

DR. WOLFF: Well, | believe it's a consensus that
there's a decision to continue these trials, but is there any
limt to the percentage of patients who would have | eukem a that
woul d stop the trials in any way? Should this be discussed?

DR. NOGUCHI : I would like to say that we would
like to think about that. However, because of the nature of
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this particular trial, | would say that no matter what happens,
the next one may get leukemia or it may never happen again.
That still does not negate the necessity, | think to exan ne

what we're dealing wth.

This is a rare disease. W are not going to
really ultimately have the Iluxury of trying 14 different
approaches to it. So | think the notion of stopping rules is a
very good one, but | don't think we know enough to be able to

define that two is too many. We sinmply don't know.

If two is too many, what if they're different
| eukenmias? What if one is a carcinoma and one's a |eukenia, as
an exanpl e?

So | think you've given us all much nore than we
had even hoped for, and for any future adverse events, don't
worry. We'll be right back here tal king about it.

(Laughter.)

CHAI RMAN SALOMON: Okay. So it's always a problem
around five, sonewhere around five o'clock. People are on
different coasts, hit planes around four because that's just the
reality of plane travel these days, and the rest of us who are
staying don't care how long we stay, but many of you have hones
to get to, et cetera.

So | think before we get to the last part of the
nmeeting, which is to go on to discussing the recent site visits
and things of FDA research, is there anything else, Phil,
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Cynt hia, Carolyn?

I mean, have we covered the waterfront here in
t hat ?

DR. NOGUCHI : Let nme just say on behalf of all ny
col l eagues in the government this is extraordinary. We got
advice from the comunity, especially the affected comunity,
and we're very grateful for your help.

CHAI RVAN  SAL OMON: Then to all of the audience
who's very nmuch invited to stay for what wll be sonme very
interesting presentations of FDA research, but wll not any
| onger deal specifically with issues of gene transfer and in
SCIDs, for all of you thank you very nuch for being here and
participating in a very critical process, | think, to all of the
experts and everyone on the panel.

But everyone on the panel can't |eave. Okay? So
should we take a five minute break?

Let's take a five mnute break, but nmaybe not
| eave the room

(Whereupon, the foregoing matter went off the

record at 5:20 p.m and went back on the record at

5:30 p.m)

CHAI RVAN  SAL OMON: Okay. One of the inportant
functions of the FDA staff particularly in CBER is, in addition
to doing all of the many different kinds of regulatory work, is
that they do, many of them at |east, take on the additional
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responsibilities of doing basis research. And one of the
responsibilities of the BRMAC, the Biological Response Modifiers
Advi sory Conmittee, is to site visit on a periodic basis these
| aboratory efforts.

And as a scientist nyself who wites N H grants
and conpetes with his colleagues to do the best job possible,
have to say that these are a really, really big deal, to have
your who | aboratory efforts, directions, focus and productivity
revi ewed periodically.

And to be honest, whenever | do these site visits,
and |'ve done my share over the last five years, |, nunber one
al ways get an incredible anpunt out of them because these are
very intelligent people, and they're doing very interesting
wor k.

Nunber two, |'m always amazed and reassured that
the work that they're doing directly conplenents the regul atory
activities, and that's sonething that |'ve never seen any
exception to that and continues, therefore, to fuel ny
ent husi asm for support of research within the FDA

I am always inpressed with how rmuch they do with
little. \Whenever | go to the NITH I am always saying, "Ch, those
guys have got it easy,"” Mhendra, but whenever | go to the FDA I
think, "My God, how do they do this?" And yet they nmintain
their productivity and the quality of their research

And finally, after this last one, | nust nake a
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personal comment. After this particular group which you're
going to hear about now, | was so inpressed that | essentially
had an epi phany where | just said, you know -- | cane back. |
cut two of the five research projects in ny |ab. I just cut
t hem | said, "You know, if one of these guys had cone and
audited ny lab, | know when they wal ked out they'd go, 'Wow, I

don't know about this guy's focus.'"

You know, | was thinking in terms of the way |
was thinking about them and nmy epiphany was if | can go and do
that with them and that's the process that's doable, then |
shoul dn't shy away from doing it on my own, given that no one is
doing it to me except through ny N H grants, and | just really
had this remarkable response to this this tine.

So anyway, | don't know whether all of ny post
docs are happy about ny triming some of the projects, but |
think it was definitely a good thing for me as well.

So with that introduction, what we're going to
hear initially, Dr . Any Rosenberg for the Division of
Therapeutic Proteins is going to introduce her people, which in
this case is Dr. Mchael Norcross and the group under him and
then we'll hear a little bit about the research.

DR. ROSENBERG My nanme is Any Rosenberg, and ny
division is the Division of Therapeutic Proteins located in the
O fice of Therapeutics, and our division regulates protein
therapeutics with the exception of nonoclonal antibodies and
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some reconbi nant bl ood products. We have a very wi de variety of
products. We have nearly 40 |licensed products, as well as
numer ous products under | ND under devel oprment.

Anpbng the products we have under devel opment are
chenokines, and to expertly regulate chenpkines is no small
feat. Particularly difficult are potency assays, which are
critically inmportant to assessnent of biological activity.

Dr. M chael Norcross, who is our principal expert
in chenokines, is crucial to the regulation of these products
and is working on developrment. His research directly inpacts on
our ability to assess potency assays for these chenokines.

He was located in the |laboratory of gene
regul ati on. Qur division has been reorganized for consistency
and efficiency, and he is nowin the |aboratory of inmmunol ogy.

The other part of his talents, that of an
i mmunol ogist, are utilized in regulating the nunerous tunor
vacci nes and vaccines for autoimmnity that we deal with.

So I will let Mke explain his work to you, but
pl ease be aware that his research is key to our ability to
properly regulate the products I've just told you about.

DR. NORCROSS: Gkay. Thank you.

Can you hear ne okay? | guess.

Al right. As she said, nmy name is M ke Norcross.

I"'min the Division of Therapeutic Proteins.
| suggested we change the nane to Division of Non-
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Drug Proteins, but nobody would go for that. That's sort of an
i nsi de j oke.

Anyway, the studies in ny laboratory are mainly
focusing on chenokine and chenokine receptor, structure, and
function, and with a main enphasis on HV infection and inmmune
function.

The current lab staff includes Jin Hai Wang, a
staff fellow who presented at the site visit on his work on host
factors regul ati ng chenoki ne receptors.

Ennan Guan, a biochem st who did nuch of the
chenoki ne biochenm stry, and Geg Rodriguez and M ke Phalen
(phonetic), who was here years ago and now has come back to the
FDA.

I wanted to just briefly nention that there are a
nunber of biological function of chenokines that now we in the
FDA are involved in in regulation. Chenoki nes are involved in
cell mgration and a nunber of systens, for exanple, |eukocyte
trafficking, hom ng, hemat opoietic stem cell nmobi | i zati on,
i nflammati on and inmune responses. This is to recruit cells
into an inflammtory site.

Recently it's been found that cancer nmetastasis,
that cancer cells or tunor cells can have chenoki ne receptors on
their surface, and they may be involved in netastatic seeding of
sites, maybe goi ng towards a chempki ne gradient.

Of course, allograft rejections, atherosclerosis,
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and angi ogenesis and arteriogenesis, and we've had a nunber of
applications actually addressing different biological processes
here as a therapeutic target.

Chenpki nes can nobilize henatopoietic stem cells.
Chenoki nes can actually suppress the replication of stemcells
and protect the marrow from chenpabl ation. Angi ogenesi s,
chenoki nes can both stinulate blood vessels and inhibit blood
vessels, and we've seen other applications of trying to
stinmulate arterial perfusion.

And as Any mentioned, one of the issues is potency
assays, and there's been really a problem trying to get
reproduci bl e assays. It was mentioned earlier that, you know,
usually things start as a research nethod, and then to try to
apply that for using it for product characterization is really
the nmjor obstacle that we're seeing now wi th chenokines. W
need basically a Viagra for potency assays, but anyway, we're
wor ki ng on that.

So why are we interested in -- | was going to
menti on the nunber of biological activities, but the chenokines
have revolutionized the HYV research field with the discovery
that chenokines or at |east a cocktail of chenokines, RANTES,
M P-1 al pha, MP-1 beta had potent anti-HV activity, and it was
followed up to find out what the nechanism was that receptors
for those chenoki nes were also receptors for H V.

So chenoki ne receptors are now terned co-receptors
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with CD4 for HV binding, entry, and fusion into the cell.

CCR5, the chenokine receptor for these RANTES,
al pha and beta, nediates nmacrophage-tropic virus infection.
Anot her chenoki ne receptor, CXCR4, nediates T cell tropic virus
i nfection, or X4 virus. These are viruses found in |ate stage
H 'V, and those |ligands for those receptors, STF al pha and beta.

So you can see from this sinple nodel that the
concentrations of chempkines in a site where virus is
replicating and the expression of receptors in those cells that
are the target cells are critical to regulating how much virus
will grow and actually probably are inportant for the disease
progressi on.

So the areas that |'ve been interested in nmainly
are in the regulation of chenokines, both their expression and
their structure, and factors and host factors that regulate
expression of chenokine receptors.

And so I'Il just briefly go over the research
projects in that we're basically broken up into two areas. One
is chenokine protein structure and function, and those started
with studies where we discovered that proteinglycans were
binding sites for chenokines on cell surfaces, and that they
were required or played a role in potentiating the anti-HYV
activity of RANTES, one of the antiviral chenokines.

We have been interested in a dipeptidase called
CD26. It's on cell surfaces, and we found before the chenokine
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revolution that this enzyme was inportant for HV replication in
cells, and we discovered that this sanme enzyne, the dipeptidyl
pepti dase, cleaves to amno acids off of chenokines. And we
think that chenpokines are -- believe and have shown -- that
chenokines are probably one of the main substrates for this
enzyne at least in the imunol ogical system

And just to briefly tell you that the CD26 is on
the cell surface of T cells and macrophages, and it's also
secreted into peripheral blood, and its unique property is that
it cleaves to ami no acids off the N term nus of a chenokine. It
has either an alanine or a proline, and nmissing just two am no
acids out of 70 totally changes the activity of the chenokine.
Both either it |loses activity or it changes its receptor
specificity, and we believe that this enzyne system regul ates
the activity of chenpkines in a way that | think it's a feedback
mechani sm in sonme ways to shut off inflammtion, but it's also
anot her mechanism to regulate the kinds of T cell helper cells
that you'll get in an inmune response.

I'"'m not going to go into the details of the data
that | presented at the site visit or that we're working on to
support these nodel s.

So with our interest in the natural enzynmes that
process chenokines, we becane interested and have studied the
structure and function of naturally secreted chenmpkines, and we
have made several inportant observations, and one was that when
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we started to look at the chenokines secreted by T cells and
macr ophages, we found that at |east one set, MP-1 al pha and
beta, which have potent anti-HV activity, were found as a
het er odi mer.

And the field, even as of this year, generally
bel i eved that chenmoki nes worked as nononers, and we found the
first example of a diner, and it really raises a lot of
i nteresting questions about how a diner of a chenokine may work
to cross-link receptors or to induce signaling pathways that
really weren't considered previously in this field.

We've recently published a paper on the MP-1
data, the natural form of MP-1 data secreted by T cells, and
found that this chenpokine not only binds to a receptor that
medi ates HIV entry, but now gains the ability to bind to other
receptors.

And we think that this chempkine may be inportant
in suppressing immune responses late in T cell response through
activation of a cell called a regulatory T cell.

The other have of the projects that we're working
on that Dr. Wwng and his colleagues have been working and
defined and we have published on is the regulation of chenokines
and receptors by host factors, and host factors, particularly
chenoki nes.

And we look at this in two different ways. These
are the ligand dependent regulatory pathways, and we've | ooked
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at T cells with CCR5 expression, and primarily we've been
interested in the role of Interleukin 2 and Interleukin 12 in
stinmulating production of MP-1 alpha and beta in T cells. And
we think that this mght be an interesting conbination of
chenoki nes actually in therapy for H V.

The other half of these types of projects or what
we call ligand independent regulation, that is, |igand chenoki ne
i ndependent regul ation of the receptor expression, and we | ooked
in nonocytes and nmacrophages, and what we found is that
chenokines I1L-4 and 1L-13 and GMCSF had a very potent activity
i n suppressing the expression of chenoki nes on these cells.

And that correlated with a resistance to virus
i nfection. And we went on to and Dr. Wang did sonme el egant
experiments to | ook at the mechanism of how this was regul ated
by Ilooking at tyrosine phosphorylation, phosphorylation of
receptors, the recruitnment of focal adhesion kinases, and a very

el oquent nechani sm of how cytokines can actually feed back and
turn off chenokine receptor expression, and we think that this
mechanism | think, is inmportant Ln_vivo actually for regulating
the sensitivity of virus infection Ln_vivao.

And | won't nmention really too nmuch about
i nteracti on of chenokine receptors.

And also with host factors and HV entry and
pat hogenesis, we published recently or within the |ast year on
TGF beta and nediating depletion of T <cells by inducing
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apoptosis in normal activated T cells, and we have some ongoi ng
work on really another aspect of pathogenesis in virus entry
where we found that an amino acid transporter was involved in
the translocation or the signaling through that transporter
could nodify transcription and nuclear translocation of HV by
di srupting an intermediate fil ament.

And 1'Il just finally finish up on what we're
currently doing in our future directions in these areas, and we
are continuing to | ook at chenoki nes secreted by normal T cells,
particularly interested in antigen presenting cells, dendritic
cells, B cells, and CTLs.

We' ve been | ooking at other chenoki ne processing
mechani sns. We've discovered another enzyne that | think
cl eaves chenokines that aren't sensitive to the CD26 enzyne, and
I think these two pairs of enzymes are the main enzynmes that are
regul ati ng or metabolizi ng chenoki nes.

We're following up on our observation about the
chenoki ne di mer. We believe that this is a potent and nove
anti-HV agent, and we are |ooking at the receptor signaling and
the cross-linking kind of potential that you'll get from a diner
of chenokines in contrast to a nmononeric form of an agent.

And | nentioned about the MP-1 beta. We t hink
that this is involved in recruitnment of a regulatory T cell that
will turn off an i mune response once it's started.

We had proposed to look at, to go into the npuse
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nmodel. We nmainly work on human systens, but we're interested in
addressing the CD26 in these new knockout nmice to actually
address the question about processing and what effect Lo wvivo it
will have, and also with T cell helper cell polarization.

And then finally, we're continuing studies on the
mechanism of this |igand independent pathway, this cytokine
pat hway, by |ooking at roles of endocytosis, clathrins, the G
coupl ed receptor Kkinases, arrestins, and the STAT proteins in
the signaling pathways.

So briefly, that's a very quick overview of what
we' ve been doing and what we plan on doing in the future.

So t hank you.

(Appl ause.)

CHAI RVAN SALOMON: I n the past, we've, when we had
nmore time and it was earlier in the day, | encouraged
di scussi ons of these things. I would hope you'll forgive ne if
we just go on to the next one and then maybe if we have
guesti ons.

Anyone want to throw anything at nme on that one?
No? Ckay.

M chael , no disrespect.

DR. NORCROSS:  No.

CHAI RMAN SALOVON:  Absol utely.

Okay. Phil, would you like to introduce for the
O fice of Cellular Tissue and Gene Therapies the prograns of Dr.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.nealraross.com



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

332

Raj Puri and Dr. David Essayan?

DR. NOGUCHI: Yes. Thank you.

And | apol ogi ze. | wanted to use the restroomin
bet ween here.

Recently the FDA and CBER has announced a new and
| aunched a new office that will cover cellular therapies, tissue
t herapi es, and gene therapies and other assorted things related
to that. As part of that reorganization and as we go along, |
think that the prograns of the Division of Cell and Gene Therapy
continue in their scientific approaches that you have revi ewed
previ ously.

One new part of the reorganization that has just
occurred is Dr. Raj Puri has been naned as Acting Director of
the Division of Cell and Gene Therapies, and so that | think
some of the concerns that were expressed in the draft report are
probably very pertinent as you | ook at what he's doing to date.

Dr. Raj Puri, in addition to |leading a program for
mol ecul ar tunmor biology, is also co-Director of the NCI-FDA
mcroarray facility and has done a very good job at noving some
of the standardization forward on that.

I don't believe he'll be talking too much about
t hat . I just have to put in one very nice thing here. He
recently went over to NCI to show them sone of the chips that
FDA has made versus what NCI has made, and it was, | think, a
fairly uniform agreenent that, well, they'd like to |learn how we
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make it better than they do.

And in addition to Dr. Puri's review of his
| aboratory program we had another review program of Dr. David
Essayan, who is in the transition period moving his research
program from the Johns Hopkins University to the Center for
Biologics and really is just beginning to establish his own
program separate from Hopkins, but wthin our own research
facilities.

I"lIl leave it at that.

Raj .

DR. PURI: First 1'd Ilike to thank Dr. Sal onpn,
Dan Sal onon, and the subcommittee, site visit subconmttee, and
the Biological Response Mdifiers Conmittee for your time in
reviewing the scientific programin the Laboratory of Ml ecul ar
Tunmor Bi ol ogy.

As Dr. Noguchi nentioned, my lab is conposed of
two principal investigators: one, nmyself; another is Dr.
Essayan. And you are going to hear from him his research
program which we all presented at the site visit.

Next slide, please.

I think ny presentation is in that conputer.
There is sone technical glitch.

I will indicate sone of the names of ny staff who
has done all of the work which I will present here today.

Qur research stens from a serendi pitous discovery
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of the expression of receptor of inmune regulatory cytokine in
studying the nuting tunor cells to study the mechani sm of action
of tunor biology and cytokine in the context of tunor biol ogy.

We found that Interleukin-4, which is a PH2
derived cytokine, the receptors are overexpressed on nmuting
tumor cell, and since then we studies a variety of human solid
tunors. We found, as listed here, a |arge number of human solid
tunors expressed receptors for this cytokine.

Not only the receptors are overexpressed. W have
shown over the number of years, alnbst nore than a decade of
this research, that these receptors are also different fromthat
of immune cells and the receptor structure is different in
addition to signaling construction to these receptors is
different on tunmor cells.

I have presented sonme of these data in ny site
visit was held in 1997, and I will not talk about a whole Iot.
Ever since then we have taken the advantage of this know edge of
overexpression of [LO4 receptors on tunmors in producing a fusion
protein where the IL-4 is fused to a bacterial toxin made by a
bacteria called Pseudononas aerugi nosa, and this mpolecule called
IL-4PE or IL-4 toxin now is in clinical trial for the treatnent
of recurrent brain tunmor, the deadliest formof all cancer

About seven years ago, a new cytokine was cloned
called Interleukin 13, which is a cousin of Interleukin 4, and
it's also made by the Th2 cells, and we were obviously very
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interested to see if its receptors are also expressed on tunor
cells.

And | wll show you in this slide ahead that
pl easantly, a pleasant surprise that these receptors are also
overexpressed on certain number of cancer cells.

Next slide, please. The slide before.

So we have arbitrarily divided our research
program in three major areas. One is to study the biology of
these tunors and the discovery of novel surface nolecule on
solid human tunors.

And second, which | wll not talk here today a
whole lot, looking at the nechanism of action of signa
transduction through these two receptors and in the tunor cells
and in the i mune cells.

And thirdly, the third aspect we are studying is
the targeting of these receptors for a possible treatnent of
human cancer.

Next slide, please.

As | indicated that Interleukin 13 receptors were
found to be overexpressed in a variety of different tunors as
shown here, some of the cells lines and tunors, glioblastom
multiformcell lines, primary cell culture, tunmor specinen, AlDS
associ ated Kaposis tunor, certain percentage of squanmous cel
carci noma of head and neck, and some ovarian carci noma.

But in contrast to the tunmor cells, normal imune
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cells on which IL-13 has proninent biological activity express
very few or non I|L-13 receptors. T cells do not have IL-13
receptors, and |L-13 does not nediate a biological response on T
cells.

But in B cells and nonocyte, the receptor nunbers
are only few, but the tunor cells express a lot, nmany on the
cell surface.

Next slide, please.

In the nunerous studies we have reported
vigorously in various journals, we have proposed that 1L-13
receptor is three different type, which is sinmlar to Type 1
cytoki ne receptor superfamly. In Type 1 1L-13 receptor, the
IL-13 binds to two IL-13 binding proteins called alpha 1 and
al pha 2 chai n.

And alpha 1 chain forns a productive conplex with
the I1L-4 receptor alpha chain, and this receptor configuration
is present on a variety of solid tunor cells, such as nalignant
brain tunor, kidney cancer, and squanmpous cell carcinoma of head
and neck.

In Type 2 IL-13 receptor, alpha 2 chain is absent.
Instead, these two chains are present, and both chains bind
Interleukin 4, and this type of receptor not only conprises and
forme a Type 2 IL-13 receptor, but it also forms Type 2 IL-4
receptor, and these two chains may be a signal transduction
i ntroduced by I nterl eukin-4 and Interleukin-13 in
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nonhemat opoi etic cells.

The Type 3 1L-13 receptor was another player,
whi ch you heard today a | ot about the gamma chain. Ganma chain,
as you heard, that is a conponent shared between IL-2, 1L-4,
IL-7, 1L-9, IL-15, and IL-21 receptor system

And because Interleukin-4 has simlarity in
bi ol ogi cal activity to that of Interleukin-13, it was believed
that gamma chain is also a conponent of IL-13 receptor system

However, our studies have denonstrated that gamm
chain does not bind Interleukin-13 by itself. It does not
participate in the formation of IL-13 as separate conplex. But
if you do express gamma chain in nonhematopoietic cells, such as
renal carcinoma cells, this chain can interfere, binding up
Interl eukin-13 and signaling transduction through Interleukin-13
in those tunor cells.

Next slide, please.

To confirmthis nodel, we performed reconstitution
studies, and we published two papers in Blaood in over two or
three years, and those studies are sunmarized here, the two
manuscripts |I'm rising on this slide, which supports our
proposed nodel that |1L-13 receptor is conposed of three
di fferent types.

And to sunmarize that IL-13 binds to [1L-13
receptor alpha-2 chain with high affinity and al pha-1 chain with
low affinity. One chain is co-transfected in Chinese herm ster
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(phonetic) ovarian cell wth IL-4 receptor alpha chain. It
forme a high affinity 1L-13 receptor, and these studies were
performed by Dr. Kosi Kawakam in the | ab.

In addition, Dr. Kawakamni found that IL-13
structural institution (phonetic) is internalized after it binds
to IL-13 ligand, but it does not nediate signal transduction
t hrough JAK or STAT ki nase pat hway.

And as | indicated, 1L-13 receptor alpha 1 chain
formse a high affinity receptor to alpha 4 receptor chain and
does al so nedi ate signal transduction through JAK/ STAT pat hway.

Next slide, please.

Dr. Kawakam discovered in the lab and in paper to
be reported, published last Decenber in Ceneral Fxperinental
Medicine. He found that IL-13 receptor alpha 2 chain has a
uni que property which we did not expect. The receptor chain
gene transferred into the human breast and pancreatic cancer
i nhibited the tumor growh in the i munodeficient animals.

As you can see here, two different clones of
breast cancer and pancreatic cancer continue to form |arge
t unor . Needed to sacrifice due to ethical reasons, but in
transfector cells, you can see there is a delay or no occurrence
of the tunor at all, and this reoccurrence of the tunmor |ater on
was associated with the |oss of al pha 2 chain expression.

Next slide, please.

We have found nunerous studies. We reported that
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in that paper, but to tell you that there's an in interesting
phenonenon that infiltrates in our inflammatory cells and
neutrophils that seem to produce |L-13. As you see here, the
core |localization studies performed by Dr. Kawakam .

And in addition to, we |ooked at a chenokine
production such as Interleukin 8 is nmade by those cells.

Next slide, please.

So this program is currently ongoing, and our
future plans include to study the incidence of receptor
expression fn _vivo in tunmor sanmples by different techniques. W
will continue to study the structure and significance of this
receptor expression in tunor cells, particularly with regards to
the expression of alpha 2 chain.

And Dr. Noguchi nentioned that we are using a
m croanal ysis to see what type of pathways are associated with
IL-13 receptor alpha 2 chain, why nature provided so many of
these receptors for the imune regulatory cytokine, which is
supposed to have biological activity on the imune cells, but
not on the cancer cells.

In addition to that, we are |looking at the
regul ation of |1L-13 receptor alpha 2 chain because it is only
overexpressed on the tunor cell, but not on the imune cells.
Therefore, if we can figure it out how to regulate this receptor
whi ch can be hel pful in developing therapeutic nodalities for
the treatnent of cancer.
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W want to further expand our studies which we
reported in JX Med. that what is the mechanism of inhibitional
tumor growth with alpha 2 chain, and of course, because this
receptor chain is only expressed on tunor cells, we ask the
question: is this tunor, this receptor chain, is it novel tunor
associ ated antigen?

Next slide, please.

But in the neantine, we have taken the advantage
of knowl edge of this expression of 1L-13 receptors on solid
tunmor cells, and we created a fusion protein. As | indicated in
case of Interleukin-4, here in Interleukin-4 we connected |L-13
to Pseumpbnas exotoxin nmade by a  Dbacteria, Pseudononas
aerugi nosa, and it has three domains.

The bi ndi ng domai n is repl aced here by
Interleukin-13 and gives a new characteristic to the nolecule.
It will only bind to the cell if they express |L-13 receptor,
and it will only kill the cell if enough nol ecul es go inside the
cell.

So Dr. Bharat Joshi in the lab -- next slide,
pl ease -- made this nolecule in large quantity in the lab by
reconbi nant DNA technol ogy and expressed that in E. coli, and he
perfected the technique to produce large quantity of this
protein in a very short period of tine.

And we asked the question of wvarious fellows in
the |ab: Dr. Rapat Hussein, Dr. Mariko Kawakanmi, Dr. Bharat
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Joshi, and Dr. Kogi Kawakam , and Pam Dover studied that, and
they found that the tunmor cells which express high number of IL-
13 receptors were highly effectively killed by IL-13 toxin.

Consistent with the lack of expression of [IL-13
receptor on immune cells, the IL-13 toxin was not active or did
not kill those cells in the tissue culture, and the I1-13 toxin
made a remarkable anti-tunor effect in three tunor nodel which
we have reported in malignant glioma nodel, ascaposis nodel, and
head and neck cancer nodel .

Next slide, please.

This is just a cartoon which | just said that IL-
13 toxin bind to the I1L-13 receptor or expressed on the tunor
cells, and this toxin internalized process intracellularly and
caused the protein synthesis inhibition |leading to the apoptotic
and necrotic cell death, and the cells dies where the nornmal
cells do not have |L-13 receptor have |ow nunber. This nolecule
does not go inside the cell, does mt get processed, and the
cell don't die, and providing a good therapeutic w ndow where
you can target |IL-13 receptor with this nolecule.

Next slide, please.

So based on our preclinical studies, our data has
resulted into the initiation of three Phase 1/Phase 2 clinica
trials, and by the way, this technology has been |icensed by the
NlH technol ogy transfer to the biotechnol ogy conpanies who are
undertaki ng these clinical trials.
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The first clinical trial, the drug is infused
directly into the brain tunor. The study being undertaken by
new approaches to brain tunmor therapy, a study headed by Skip
Grossman at Johns Hopkins University with nine other clinical
centers, where they infuse the drug and nonitor the safety,
tolerability, and clinical responses.

In the second trial, which is being taken at the
Menorial Sloan Kettering, MD. Anderson USCF, and Yale Cancer
Center, where the drug is infused first. The tunmor is resected,
followed by infiltration of this drug surrounding the tunor
cavity.

The third trial just initiated in Israel, as well
in Gernmany and the Cleveland Clinic, where the drug is infuted
preoperatively and the tunor resected, where the tunor response
and the safety is being nonitored.

Next slide, please.

So as | indicated, that |IL-13 receptor alpha 2
chain binds IL-13 with the high affinity, and Dr. Kawakanm has
found in the lab that the tunobrs cells which do not express
al pha 2 chain, if you put alpha 2 chain in those cells, you can
sensitize themto the cytotoxic effect of IL-13 toxin.

And similarly, he has shown that [n_vivo if you
put this alpha 2 chain, sterilely transfected tunor cell, when
you formthe tunor in the nmouse and retrieve with the drug with
IL-13 toxin systenmically, you can nediate systemc tunor
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response.

Now he is undertaking third generation experinent
which is simlar to the clinical situation. Form the tunor
first, and it will nodel of human disease, and cone back and do

a plasmic nmediated gene transfer [n.yivg in the tunor, followed
by 1L-13 toxin system c therapy.

In addition to DR Sitteram in the lab is
generating antibody to 1L-13 receptor I1L-2 chain by phage
di spl ay technol ogy because alpha 2 chain is overexpressed on the
tumor cells, and one can use an anti body connected with a toxin
mol ecul e and make a reconbinant fusion protein for the targeted
t herapy of cancer.

And she's also expressing excessive donain of
alpha 2 chain to generate a unique region for sone of our
studies as | indicated.

Next slide, please.

So this is my last slide, and | wanted to bring to
your attention how this research inpacts on our regulatory
process. Cancer is a nost difficult public health problem and
our research supports informed decision making for accel erated
devel opnent of novel therapeutics.

Qur research anticipates public health needs and
supports inforned decision nmking in the protection and
prevention of public health. It provides insight into the
mechani sm of action of safety, chemstry mnufacturing, and
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control of growh factors, cytokines, cells, and gene therapy
that we regul ate.

It provides insight into devel opnent of standards
and new technologies such as indicated, that mcroarray
technol ogy that we have devel oped.

It helps devel opnent of identity and potency of
tunor therapeutics and vaccine that we regulate in Ofice of
Cell Tissue and Gene Therapy, in the health developnment and
retention of expertise in the cutting edge areas of nedical
research which we need to evaluate those cutting edge research
as we see at CBER

And 1'd like to thank you for your kind attention.

(Appl ause.)

CHAI RVAN SALOMON:  Thank you, Raj.

DR. ESSAYAN. David Essayan.

VWiich mic is working here? Can you guys hear ne?

Okay. I want to thank the comittee and the
audi ence for their endurance.

My |aboratory has two nmamin projects. The first
one is regulation of T Iynmphocyte responses by specific
phosphodi est erase, or PDE enzyne i soforns. Qur second project
is the pharmacol ogy and regulation of a novel IL-17 honol ogue,
whi ch we and our colleagues at Hopkins recently cloned. W call
it M.-1, but it has al so been dubbed Interl eukin-26.

Just to remnd everyone the steady state
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intracellular |evels of cyclic nucleotide second nmessengers are
regul ated at the point of degradation by the cyclic nucleotide
phospodi est er ases.

Qur | aboratory was the first to denobnstrate that
inhibition of PDE-4 with the resultant increase in intracellular
cyclic AWMP specifically down regulated proliferation and
cytoki ne generation from peripheral blood nononuclear cells and
allergin specific T cell clones.

We went on to denpbnstrate that the effects of PDE-
4 inhibition were nedi ated through concurrent activation of Type
1 and Type 2 cyclic AK, otherw se known as protein ki nase A

These were all nenory responses. We have since
become interested in looking at the effects of PDE-4 and a nore
recently described PDE-7 and their inhibition on neoantigen
responses and induction of T cell tolerance.

Along that line we've used a nodel whereby nice
are sensitized to ovalbunmin in the presence or absence of
Rol i pram our nodel Type 4 PDE inhibitor, and then rechall enged
at a later date either once or several tinmes with oval bum n.

Using systemic rechallenge we've denonstrated a
signi ficant danpeni ng  of the proliferative responses to
oval bumin from cultured splenocytes. CQur control PDE inhibitor,
which is a PDE-3 inhibitor called MIrinone, had no such effect.

Looki ng at bronchial challenge, we've denonstrated
that the Rolipram treated mce show a nmarked decrease in their
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bronchoal veol ar | avage eosinophil counts, as well as abrogation
of their bronchial hyper responsiveness. W feel that these
findings are consistent wth induction of antigen specific
t ol erance.

Future aims for this line of research include
conparison of PDE-4 inhibitor effects between Thl and Th2 type
stimuli. Whrk has been done with Th2 stinuli.

W would also like to go on to identify the
potential synergy with concom tant signal 2 blockade and would
also like to look at the potential synergy or antagonism with
conconitant PDE-7 inhibitor adm nistration.

Qur | aboratory, which is actually just a grandi ose
term for my technician and |, have also been working since 1999
on our second project at which point we identified with my |ong
term collaborator, Dr. Shao Ku WAng, an open reading frane on
6P12, which showed significant honology to Interleukin 17. e
naned this M-1 and went on to denonstrate that M-1 was
constitutively expressed in basophils and Thl cells and up
regul at ed on activation in T cells and in clinica
bronchoal veol ar | avage sanpl es.

The following vyear we defined the tissue
di stribution of M-1 conpared to Interleukin 17, expressed M-1
in a variety of systems, and went on to also generate a nurine
pol ycl onal for Western Bl otting.

Recently we've denponstrated that M.-1 induces
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secretion of Interleukin 6 and Interleukin 8 from endothelial
cells in a manner simlar to Interleukin 17, but also wup
regul ates expression of ICAM1 on bronchial epithelial cells in
contrast to Interleukin 17.

Even though the M.-1 receptor has not been
identified to date, we've gone on to show that M-1 activates
ERK1 and ERK2 ki nases, but not p38 or the JNK pat hway.

And nost recently, sine the site visit, we've also
gone to show that pulnonary administration of an expression
construct for M-1 induces neutrophil influx in the pul nonary
bronchi, and here we just show the dose dependent up regulation
of IL-6 and IL-7 and, in contrast, Interleukin 17, increasing
t he mean channel fluorescence for | CAM 1.

And here we show the transient up regulation to
phospho- ERK1 and ERK2, but no changes in phospho-p38 or JNK

Future directions for this project i ncl ude
characterization of the expression of M-1 in specific disease
ti ssues; characterization of the biology of M-1 on additional
i mune cell types; investigation of the pharmacol ogic regul ation
of M.-1 by i mmunonodul atory agents.

We're in the process of generating M.-1 transgenic
mce at the core facility at Hopkins and ultimately would |ike
to generate M.-1 knockout mce and then would also like to | ook
into the cloning sequencing and functional analysis of the M-1
five prinme UTR
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The mission relevance of this data | wll close
with. We feel that these projects increase our expertise in T
cell biology and imunopharmacol ogy, which enhances our ability
to review a variety of products for a variety of indications.

W also feel that our research findings are
relevant to the pathophysiology of treatnent and treatnent of
all ergic and i mmunol ogi ¢ di seases.

I would note that PDE-4 inhibitors are currently

in late phase developnent at our sister center, Center for

Drugs.

I will close with that. Thank you very, very
much.

(Appl ause.)

CHAI RVAN  SAL OVON: Okay. So if | renmenber the
drill, then what we need is to clear the room and go into a
cl osed session where we'll vote on approval of the site visit
report.

Certainly before everybody |eaves, let ne thank
M chael and David and Raj and everyone else in their groups for
a really excellent set of presentations when we visited.

(Whereupon, at 6:17 p.m, the neeting in the
above-entitled matter was concluded, to reconvene imediately in

cl osed session.)
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