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extraskel etal nyxoi d chondrosarcona which is a
di sease of adults.

So, sone of the sarcomas do have specific
transl ocations that are identified. The vast
majority do not. A lot of the translocations
i nvol ve the EWS gene but there is a huge difference
bet ween those which are in the Ewing's PNET group
which are very sensitive to chenot herapy, and sone
of the others such as desnoplastic snall round cel
tunor which is a disaster and even sone of the
nyxoi d | i posarcomas whi ch have an EWS
transl ocation, or extraskeletal nyxoid
chondrosarcona which is very resistant. So, the
presence of EWS as part of the transl ocation
doesn't nean that you are going to have the
sensitivity that we see in Ewing's sarcona.

[Slide]

I was once asked what is the best reginen
for adult soft tissue sarcomas? And, the answer is
it depends on whi ch sarcoma and whi ch patient, but
we haven't done the studies to prove that. So, |et
me show you the reasons why | think this is
i mportant and | think the reasons why we got
conf used.

[Slide]
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When sarcoma chenot herapy started in
adul ts about 30 years ago, it started with a drug
call ed Adrianycin before it was call ed doxorubicin.
The response rates, which may be different in the
way they were done to the way they are done now,
are nore or less the same across histologies. The
only exception, and it is not a soft tissue
sarconme, was chondrosarcoma where the response rate
was |lower. But if you |ook, for exanple, at
| ei omyosarcoma, one of the common groups, and
synovi al sarcomm, another one of the conmon
hi stologies -- nore or |ess the sane response. So,
I think we got into the nind set that sarcomas are
all the same and they all respond the sane way to
chenot her apy.

[Slide]

Well, there aren't very nany good drugs
for the treatnent of sarcomas. This is one where
DTI C was added to Adriamycin and again you saw t he
sanme sort of breakdown nore or |ess by histologic
group, and there wasn't a big difference.

[Slide]

There was a big difference by prinmary
site. This was pointed out in 1975 by Jeff Gotlieb

who said that tunors that arose in the G tract,
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even though they were prinmarily called
| ei omyosarcomas, had a nuch | ower rate of response
than tunors that arose in the GJ tract, even though
nost of those were called | eionyosarcomas. He
suggested that there was sone biologic difference.

[Slide]

But if you | ook at synovial sarcoma, now
with ifosfanm de, the other real drug for adult soft
ti ssue sarcomas, in a nunber of studies -- this is
our data, conbined second-, third-, fourth-Iine
t herapy for synovial sarcomm, a higher response, 31
percent versus an average of about 20; and,
| ei omyosarcomas, whether of @ or other origin,
only about 10 percent. Well, you know, that may be
just per chance so let's | ook at sone ot her
st udi es.

[Slide]

Karen Antman's study, synovial sarcom, 40
percent; |eionyosarcoma, 7 percent. Here,
reasonabl e nunbers of patients, 27 patients with
| ei omyosarcomas. So, you have to think that maybe
ifosfami de is not a particularly good drug for
| ei onmyosar cona.

[Slide]

Here is Le Cesne's high dose ifosfan de
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study, 11 patients with |ei onyosarcoma and no
response; 4 with synovial sarconm, 3 responses.
Agai n, small nunbers but everyone doi ng the sane
thing. Synovial sarcona is nore responsive to
i fosfanm de and | ei omyosarconma is | ess responsive to
i fosfan de

So, if you then | ook at conbination
studies, and | amnot going to get into a whole |ot
of thembut if you are | ooking at
Adri amyci n-i fosfani de and you sinply report the
data out as sarconms, it is uninterpretable data
You need to know what you have of what in that mx

[Slide]

So, what we have used prinarily at
Ander son over the past several years as a
front-line therapy is Adrianycin and ifosfanide
with attenpts to nmaxi m ze dose because these tunors
have very steep dose responses. MKke Link's
conment about whether a pediatric oncol ogist or
medi cal oncol ogi st treats you is right on. The
pedi atric oncol ogi sts give nore intensive
chenot herapy. The nedi cal oncol ogi sts are babi es;
they don't |like to nake people sick. They don't
like to get calls in the mddle of the night. So,

they don't treat their solid tunor patients as if
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they had acute | eukenmi a, except for those who just
do sarcomas who | ook and see, "well, wait a minute
if you want to get a result you have to give those
hi gh doses so you have to nake themsick." And, we
are a lot nore like the pediatricians.

[Slide]

That is supposed to be a "less than or

equal to" sign, 65. W have no exclusions for
children on our studies. As a matter of fact, our
front-line studies for osteosarconma and Ew ng's
sarconmm are joint studies between pediatrics and
sarcoma nedi cal oncology. There is no difference.
W treat themthe sane. They are the sane

di seases. The adults do worse; the pediatric
patients do better. They tolerate therapy better
But we can give it. You can't give 75/10 to a
65-plus year old adult because even though they
appear totally normal, they have abnornal ki dney
function because ki dneys age, and what we found out
the hard way is that if you really push these
people it is very easy to cause renal failure. So,
we ook for renal function. W |ook at questions
of whether or not patients have two ki dneys because
a lot of people with retroperitoneal sarconmas have

had a ki dney renoved. So, for those people, even
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t hough their renal function is supposedly adequate,
it is not adequate when you give them high dose

i fosfam de. So, we have to be worried about that
sort of issue in dealing with sarcomas.

But when we started our treatnents and al
of our protocols for dose-intensive
Adri amyci n-i fosfam de we excluded people with
gastroi ntestinal |eiomyosarconma. That was the
di agnosis at that tine. W excluded al veol ar soft
part sarcona because it doesn't respond to either
Adriamycin or ifosfamde in the small nunber of
pati ents that have been treated. And, we excluded
clear cell sarcoma because it doesn't respond very
wel | .

[Slide]

Overall, we have a response rate of about
60-sonet hing percent in this group of patients, but
there is a difference based on histol ogy, and that
is the point that | was going to get at. Wth both
Adriamycin and ifosfam de you woul d expect that
synovi al sarcomm, the nost ifosfanide sensitive,
woul d do the best.

[Slide]

In fact, it does. W get an 88 percent

response rate. Angi osarconas are very sensitive to
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both drugs. Unfortunately, they also recur very
rapidly. | will get back to angi osarconas a little
bit later. WMalignant fibrocystoma, which is
probably five or six different diseases
characterized by pl eonorphic histology and | arge
cells, responds well. There may be differences
wi thin the subgroups but they all tend to respond.

But even the non-d |eionyosarconas that
we put on this study have only a 50 percent
response rate. So, there is a difference based on
what ki nd of sarcoma you have, and none of the
studies in adults have addressed this. Can you
imgine if we tried to now do di sease-specific
studies in pediatric patients with these
hi stol ogies? That is inpossible. W are just
getting to the point where maybe we can do an adult
study in a specific histology. If we add on the
pedi atric patients, we can add theminto the
di sease-specific studies but you could never do a
study. It would take you 50 years to do the study,
by which tinme they wouldn't be pediatric patients
anynor e.

[ Laught er]

[Slide]

So, | think we need to get into
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di sease-specific therapy and the hints of this are
j ust now comi ng.

[Slide]

As we nove into the new future where we

are getting into genetically specific nolecular

therapy -- this is a slide that John Ednonston made
up about ten years ago and | liked it because that
was the time when we were the dinosaurs. | nean,

you know, we are going to think back on this era 50
years from now and say we were barbari ans.

But the patients are here, and they are
dyi ng, and we have to treat them now. But we now
have the first hint that the genetically specific
nol ecul ar therapy will, in fact, work and that is
in G stronmal tunors. These are the things we used
to call A |eionmyosarcomas. As | said, 25 years
ago Jeff CGotlieb said they are different; they
don't respond to therapy the same way.

[Slide]

About five years ago the pathol ogists
started recogni zing that they were different and
gave thema different name and called them G
stromal tunors and the key to these tunors is that
they cone fromthe interstitial cell of Cahal which

constitutively expresses c-Kit, and about 90
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percent of those tunors which you would call d ST
based on light mcroscopy are c-Kit positive.

It happens that c-Kit is inhibited by
d eevec and the prelimnary data that were
presented at plenary session at ASCO were very
exciting. So, an intergroup study started and
every sarcoma investigator in the world is
participating either in the U S. or the European
version of this intergroup study. So, in the past
si x nonths we have entered probably nore than 70
patients with G stronmal tunors because we had t hem
waiting in the wings. W had been keeping them
alive by doing surgery or by doing cheno
enbol i zations of their liver, and they are com ng
out of the woodwork.

Prelimnary data fromour group of
patients -- if you use traditional criteria for
response at 8 weeks, there is about a 30 percent
response rate or 40 percent response rate. |f you
use PET scanning, it is a 70 percent response rate.
I think if we continue to follow we are going to
see the higher response because that is what was
shown in the earlier studies. But that also raises
the question that | will get back to, that we don't

know how to neasure response



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

[Slide]

Let nme just go over to a couple of other
specific tunmors, nyxoid |liposarconas, again a
specific translocation different from other
| i posarcomas. So, this is a specific disease
within the Iiposarcoma famly. It is the only one
where differentiation therapy with either
PPAR- gama or retinoid-X receptor agonists seens to
be effective. So, again, a specific target for a
speci fic therapy.

[Slide]

Angi osarcomas, a group of very difficult
tunors because they respond well but they rel apse
rapi dly and often they occur in elderly people on
the scal p. These people can't tolerate the sane
ki nd of aggressive chenotherapy that we give to the
younger people. Taxol, in a series from Menori al
that is not even a fornal study -- responses in 8/9
patients. Taxol doesn't work in sarcomas. The
Mermorial study which had 2/28, one of which was an
angi osarcoma -- it is 1/27 in the other
histologies. W did Taxol in 19 patients, no
angi osarconmas, no responses. Taxol is not a
sarcoma drug but it works for angiosarcoma. It is

a different disease
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We haven't done a fornmal study but we have
treated patients with Taxol and the people at
Mermorial are right, it really works. So, this is a
t herapy that can be given. Wekly Taxol is easy
for a 70-year old. It can be given. It can even
be given by the | ocal medical oncol ogi st because

t hey know how to do Taxol

Epi t hel i oi d hemangi oendot helioma -- a
wei rd di sease; doesn't occur in children, | don't
think. | haven't seen one. Primary tunors in

liver, they have been treated with |iver
transplantation. They al so can undergo spont aneous
remssion. But if you have a lesion that is
growi ng, enbolization, cutting off the vascul ature,
is very effective. Interferon is very effective
The new angi ogenesi s inhibitors haven't been
studied -- beautiful target.

[Slide]

| can't show you the slide | wanted to
show you unless | take my Mac up and hook it up to
this, but our definitions of response are all based
on tunor shrinkage and sarcomas clearly do not
al ways shrink when they die and we m ss a huge
anmount by not using nore sophisticated nethodol ogy

to assess the effectiveness of our drugs.
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One of the things that can happen, which
this slide would show if you have enough
i magi nation, is a tunor in the nediasti numthat
grewin size alittle bit but becane totally
necrotic on CI. W looked at it and we said this
is a great response. | have shown that slide to
groups of people around the country at various
pl aces and | said what would you call it? And, 90
percent of nedical oncologists would call it stable
or progressive disease. There are only a few that
will call it a response. WIlIl, when you have
progressive netastatic disease, usually it is tine
to give up and send the patient to hospice. W had
our thoracic surgeons go in, take out the tunor
along with aorta because that was what was
required, and the patient is alive and well five
years later. Less than one percent viable tunor in
t he speci nen.

We |l earned in osteosarcona that if the
tunor is dead it is a good prognosis. It neans the
t herapy worked. W have to figure out ways of
measuring, short of surgery, when tunors are dead.
And, at least a hint fromthe G ST experinent is
that PET scanning is maybe a way to do that but

ot her techni ques -- dynamic MR, dynamc CT and
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probably other things that | haven't even dreaned
of are an approach but we have to get out of the
box and think about shrinkage because we are going
to mss drugs that are active.

[Slide]

So, | think we need to start |ooking at
ot her approaches and that is inportant.

[Slide]

So, getting back to pediatrics, where does
all of this fit in? In the adult sarcoma community
we are nmoving nore and nore towards accepting that
these nany tunors are very different, that we
really do need to do studi es where we address each
of the different groups and then foll ow up on | eads
on the groups that are positive. As we get
nol ecul ar narkers of these groups, we will nove
into nol ecul ar markers as ways of going. But they
are not all the same. W are going to have to get
separate trials, and | would include children with
the specific diseases on these trials. To try to
do a separate disease in children | think would be
fruitless. Thank you.

DR. SANTANA: Thank you, Bob. W have
other individuals in the commttee with expertise

inthis area so | would invite Paul, Anthony and
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others with expertise in this particular area of
di scussion to nake coments now.
Di scussi on

DR MEYERS: | would like to make severa
commrents. | think the point that Bob is making
about thinking of novel ways to eval uate tunor
response is extraordinarily inportant. Not only is
the technol ogy that we use inportant, but the
timng. Dr. Elias was heavily involved in the
devel opnent of a drug, ET743, where we | earned that
if we had used the conventional tine point to
eval uate that drug we woul d probably have di scarded
it early on, and the patients with soft tissue
sarconmas continue to respond in a nmanner very
different fromour conventional use of cytotoxic
chenot herapy. You can see a very nodest response
after one or two cycles, and if you continue the
drug for three, four, five, six, seven cycles you
continue to see responses and sonetinmes ultimtely
achi eve the conventional definition of a partial or
conpl ete response for these patients. W need to
be sure that we don't discard sone of these nove
conpounds, which may be working by different
mechani sns from conventional cytotoxic

chenot herapy, by using too early a tinme point and
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di scarding a drug that may still have activity.

Again, | would concur very nuch w th what
Bob said, that | have not seen any convincing
evidence -- just as Henry did |ooking at the brain
tunors, | have not seen any convincing evi dence
that these sarcomas, when carefully defined,
i deal |y defined by a consistent chronosonal
transl ocation, behave any differently in children
fromadults. | think that our decisions about
t herapi es and which therapies to enploy and which
new agents to bring forward into clinical trial
shoul d be based on the biology of the tunors
whenever possi bl e.

| do need to coment, however, just
briefly because in our first session this norning
we heard | think some very encouragi ng coments
that we were going to use the efficacy to drive the
process much, much nore than toxicity, and handle
toxicity perhaps appropriately through |abeling,
and point out that | had an opportunity -- and this
is atrial that Dr. Benjamin is also involved in --
to attend a neeting of the Reconmbi nant DNA Advi sory
Conmittee just two weeks ago. W have proposed a
trial for a gene therapy approach for netastatic

recurrent osteosarcomn, and the RAC was unwi | ling
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to accept what we just discussed here today, that
the trial should be open to patients with
nmetastatic recurrent osteosarcona regardl ess of
age. They felt that that approach could not be
offered to patients under the age of 18 until the
safety of the approach had been established in
patients greater than 18. So, the consensus that |
amgetting frommany of the individuals around this
table is not universally shared in the regul atory
conmuni ty.

DR. SANTANA: Dr. Elias, do you want to
make any conments?

DR. ELIAS: Well, | would like to al so
agree with what Dr. Benjanmin has said. | nean, it
is quite clear that the individual histologies have
enornous differences in terns of response to the
conventional chenotherapy agents, and that has been
known for years, but the real difficulty has been
that no one institution and even groups of
institutions have sufficient nunbers.

| think it is extraordinarily heartening
to see the amazing productivity of the QST trials,
and the ability to mobilize a whole community
worl dwi de to actually target this. | think one of

the issues with sarcomas is, because they have a
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nore sinplified genone or alteration in genone
relative, for exanple, to conmon epithelial tunors
they can represent a situation of proof of
principle so that you have a nore discrete pathway,
| esion, etc., what-have-you so that at |east from
t he pharmaceutical standpoint you could, in fact,
justify devel oping the drugs in these diseases.

DR SANTANA:  Davi d?

DR. PARHAM | agree that histology is a
very key thing in sarcomas, but | think it is also
equal ly inportant to take in the effects of grade
because within the confines of grade a | ow grade
sarcoma Will do relatively the same if it is
| ocal i zed, whether it is a synovial sarcoma or a
peri pheral nerve sheath tunor or fibrosarcoma. So,
I think that would be a key thing to keep in nind
when we tal k about treating things according to
hi stol ogy. The histology nay not be as inportant
as grade.

DR. SANTANA: Do you want to nake a
conmment, Davi d?

DR POPLACK: Yes, | ama little perplexed
by the coment that you namde, Paul, regarding the
unwi | i ngness to accept the simlarity of a tunor

bet ween adults and pediatrics. | think the issue
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that you were speaking of with the RACis a safety
i ssue, and that is not being necessarily addressed
in these discussions. |Is that not the case?

DR, HI RSCHFELD: | would concur with Dr.
Popl ack that the safety issues are not the topic,
but I think I will let Dr. Meyers answer but
think he was just raising an axillary point.

DR. MEYERS: | think it is inseparable,
and this is the question that | was placing to
Henry. As we prioritize, noving forward with nove
agents, it will be both an issue of what agents
give us the greatest potential for benefit and what
is the risk/benefit ratio that we perceive for one
of these agents. | was encouraged to hear that we
were placing a strong enphasis on the first half of
that balance. | think that the enphasis was
per haps over-weighted in terns of the risk side of
that equation at the hearing that | attended.

DR. SANTANA: | don't want to get into a
public discussion of this auxiliary issue because
think the points have been nade. | just think we
have to be sensitive that there are environnental
i ssues of current things that are happening in that
regard that | amsure influence a | ot of these

di scussions in other commttees. Ml col nf?
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DR. SMTH: Several speakers have
addressed the issue of studying these tunors that
cross the pediatric-adult line together and the
benefits of doing that. There is a paradigmfor
doing that, and that is the | eukema world with
acute pronyelocytic leukemia. Since the early
1990's, the first intergroup trial for APL that
studied all transretinoic acid was anmended to
i nclude pediatric patients, and the then Pediatric
Oncol ogy Group and the Children's Cancer G oup
participated in that adult cooperative group-Iled
trial

The current APL trial is examning arsenic
trioxide and one of the random zations is
plus/ m nus arsenic trioxide. Wen that trial began
there wasn't much data concerning the safety of
arsenic trioxide in children, but those data have
energed since the trial was initiated and the trial
i s being anended so that children over five years
of age will be able to participate in the arsenic
trioxide trial random zation. So, there is a
paradi gm for when there is a sinmlarity at the
nol ecul ar | evel between the pediatric and the adult
condition, how those can be studi ed together

appropriately in the same clinical trial
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Maybe Paul and ot hers can comment on this,
but CTAP has really been encouragi ng the bone
sarcoma and the soft tissue sarcoma committees and
COG and then the adult cooperative groups to work
together to study these cancers as they do cross
the adult-pediatric age distinction. That is an
artificial barrier and a nunber of efforts are
being nmade to try to stinulate such collaborative
research.

DR SANTANA: | think those comrents are
important. | think there has been a nmerging of the
consensus that at |east when it relates to sarcomas
in adults and children there may be nore
simlarities since, at least in pediatrics, a good
portion of these patients are cured. And, the
chal | enge of the nunber of patients can only be
dealt with by a collaborative effort between adults
and pediatric studies. At least fromny
perspective, | think that is the way to nove in
this particul ar disease category. Any ot her
conments before we get to the questions?

[ No response]

We have a series of questions that we have
to answer or give advice to the FDA on -- yes, we

may continue the discussion if sonebody has anot her
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guestion. Go ahead, Donna.

DR. PRZEPI ORKA: Two questions for Dr.
Link. | enjoyed the slide, the ten-year old slide
that Dr. Benjanin showed about the di nosaur age
and hi mnentioning that, you know, we still have
pati ents and al though we |ike nol ecul ar therapy we
are still kind of in the dinosaur age. So, ny
first question to you is how do you choose drugs
for your patients nowadays? Wen you have sonebody
with recurrent disease and you have to treat them
on what basis do you choose drugs to devel op?

DR. LINK: In the recurrent situation --
think that would also apply to patients who have
very high risk disease. So, we view those as
simlar categories, patients who are candi dates for
nore experinental therapies. Mst of us | think
woul d participate in -- because, again, the
Pedi atric Cooperative Group is such an
al | -enconpassi ng thing and nost of our patients are
on clinical trials -- the mgjority of patients --
wel I, | should back up, nany patients who devel op
recurrent di sease have become candi dates for Phase
Il or Phase | trials that are usually
CTAP-sponsored trials so that they are entered on

those trials.
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Now, one of the problens, particularly
wi t h rhabdonyosarconma, is that there are a | ot of
active agents that have not proven useful when
added to the standard conmbination. It is an irony
which is unfortunate. So, the standard comnbi nation
whi ch we use today, although it has been tweaked
many tines, is the sane conbi nati on of drugs that
has been avail able since the 1970's. | was a
fell ow when we were using the sane therapy.

Since then many drugs have cone al ong
whi ch show obvi ous activity, and nmany pediatric
oncol ogi sts feel that in a patient who devel ops
recurrence you sort of have to go through what is
avai |l abl e as treatnent before you sort of begin to
use an investigational agent. | nean, | think that
i s a phil osophical problemrather than anything
el se. Many of us would try a Phase | trial and
then put themon a standard agent. So, there are
sone problens there

In nost of the other diseases, |ike
refractory Ewing's sarconmm or osteosarcomm, | think
that those patients are candidates for either a
bi ol ogi cal or whatever experinmental agent, nostly
in the context of a clinical trial

DR. PRZEPI ORKA: There is nothing specific
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about the di sease, however, that points you towards
one set of drugs versus another set of drugs
enpirically?

DR LINK: Well, there are now. For
exanple, the rationale for Jeevec is leading to
the initiation of a trial to study those patients.
So, for exanmple, the results in G ST tunors, a very
refractory tunor that responds to this -- | suspect
that many patients will end up on a trial like
that. But | don't know how one woul d pick and
choose otherw se, except for the fact that they
have been prioritized one way or the other, either
just because it is the standard Phase Il drug that
is being studied and that is the next candi date on
the list, or sonetines when there is a particular
drug of interest which is being prioritized by a
specific disease comittee, they want to try that
but we often will have a specific retrieval
protocol mandated and that would be the next trial
that the patient would be eligible for.

DR PRZEPI ORKA:  You nentioned a nunmber of
new transl ocations that are very useful for
di agnosti c purposes in the pediatric sarconas,
especially in the Ewing's famly, and the questions

| have for you are, are the functions of the fusion
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transcripts known? |If so, what are they? And,
secondly, you also nmentioned a nunber of biologic
correlations, such as PG- and Her2 expression, but
| didn't hear anything about any preclinical data
t hat woul d suggest that inhibition of those
receptors actually has any function in inhibition
of growth of the pediatric sarcomas.

DR LINK | will address the second
qguestion first because | have to think about what
your first question was. The nutated c-Kit
expression in Ewing's sarcoma and in Ewing's lines
has been shown in vitro. You can get abrogation of
cell growh, or whatever the appropriate endpoint
would be in vitro. So, there is sonething nore
than just that it has the c-Kit and so we shoul d
target it because it worked in G ST. | nean, there
is nore data than that. | amnot party to all of
it, but it is available. So, sone of that
preclinical stuff has been done but not in al
tunors.

Her 2 was your specific question? Wat was

DR PRZEPI ORKA: The function of the
transcripts in the Ewing's famly?

DR LINK: OCh, |I nean sone of themare
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known and they are clearly downstream These are
transcription factors so that there is clearly a
whol e nyriad of downstream genes which are turned
down by these. Sonme of it is fairly well
characterized, but | think we don't know the whol e
ganmut of what the consequence of the translocation
is. Oher people nay want to conment on that but
sonme of it is known but | think the entirety of
what the consequence is unknown.

DR. SANTANA: There is great effort also
in creating sonme knockout nodels of sonme of these
transcripts and | ooki ng at what the phenotype is in
animals if you do those kind of experinents. | am
aware of some work in rhabdonmyosarconma in that
regard

DR. POVEROY: Sone of the transcription
factors are very difficult targets for soluble
smal | molecules. | think the value of tyrosine
ki nase inhibitors is that these nolecul es are
relatively accessible on the cell surface, and
things that work within the nucleus are nuch nore
difficult to target. So, although we can
understand in sone cases specific biologica
mechani sns of how tunors grow, they won't all be

equal in terns of how they m ght be attacked.
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DR KUN:. Just one slightly related
qguestion, in the case of APL it is not difficult in
adult oncol ogy to get pathol ogists to send those
sanpl es of f for nol ecul ar di agnostics. M
experi ence has been in a nunber of hospitals for
adult sarcomas which are not that conmmon but we see
t hem enough, pathol ogi sts are very reluctant. It
seens that they feel the gold standard still is
their histology or histopathol ogy so when they cal
it alveolar, enbryonal or synovial sarcoma that is
sufficient, and we often don't get au courant
nol ecul ar di agnostics on these patients and we are
m ssing out on a lot of information | think that
| eads to this.

So, one reconmendation m ght be just to
stress the inportance of these nolecul ar
di agnostics, which will be essential in this tine
where there are clearly adult and pediatric |inks.
But there is a lot of information that is not being
gotten because pathologists -- certainly off
clinical trials, which nost of themin the adult
world still are, aren't getting this information.

DR. SANTANA: David, do you want to
followup on that?

DR. PARHAM Right. First, | would like
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to address one question, that is, there are at
| east 20 upstream and downstream nodul ators of that
fusion gene that you just asked about. There is a
cottage industry of literature appearing on that.
But as to the question of diagnosis, this
is becoming a greater question with each passing
year because pathol ogi sts are becom ng nore and
nore efficient at arriving at a histologic
di agnosi s using fine-needle aspiration biopsy and
simlar things which have nuch less norbidity for a
patient. So, if the criteria for putting a patient
on study is sinply histol ogic diagnosis, we are
going to be in a situation where we are getting
| ess tissue, not more. | don't think pathol ogists
have any problemwi th sending tissue off, but there
al ways is that question of how nuch is adequate.
There have been sone recent things com ng
out fromCIOP. | think it is going to be in the
upcom ng Ped. Onco., about how to handl e
fine-needle aspirations for biologic studies. But
the point is pathologists are willing to send it
out, but it is always a question of how rmuch do you
get and this is an issue that is going to have to
be addressed if we want to do biol ogic studies.

DR SANTANA: | know from ot her
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conversations with investigators that | have had
that the COG has had a major recent effort in their
sarcoma wor ki ng group, and M ke may want to
conmment, specifically looking at this issue in a
subcategory of patients with soft tissue sarcona to
establish a biology type protocol to try to resolve
this issue. So, it is done in a group-wide effort
because we just don't know -- people don't know
where to send the sanples; they don't know who to
contact. So, they are trying to do it in a
col l aborative effort. So, | know that at least in
the pediatric community there is a major effort
bei ng placed on this particular question in the
soft tissue sarconma field.

DR LINK: | would just nake the comrent
that the answer to your question is you have to
start doing things the way pediatrics do it.

[ Laught er]

Because basically what you do, first of
all, you get a nonopoly on the market. So, all the
kids are seen in places where they are all put on
clinical trials. The clinical trial becones the
standard of care. Then you up the ante and say you
want the kid to go on a clinical trial; you have to

get the tissue or the kid is not eligible for the
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trial; or you have to get a letter from your nother
or sonething |like that which says why you didn't
get the tissue. That is howwe do it. That is why
if you look at kids with a variety of solid tunors
-- neurobl astoma, Ewing's sarcoma -- we are now
recapitul ati ng what went on in | ynphoblastic

| eukenia where, adnittedly, it is much easier to
get the stuff. But we wouldn't let a patient on a
trial unless you got the cytogenetics and got all
the stuff that you need to risk stratify the
patient.

That is happening in neurobl astona now.
We don't even know how to treat -- this is now
standard of care. | mean, Sue could comment on it
better than I, that we don't even know how to treat
a kid with neurobl astoma unl ess you do the biologic
studi es because that determ nes the outcone. So,
that is an editorial pitch but maybe that is the
answer .

DR. COHN: Yes, | was just going to say in
terns of neuroblastoma, | mean the advantage that
we have in neuroblastoma is we define the therapy
according to the nolecul ar genetics. W don't care
about their stage and age anynore. Now, in this

new bi ol ogy study we are going to be obtaining 1P,
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11Q 17Q 14Q So we have hopefully the whole
ganmut covered. But the difference is that you need
the infornmation to determ ne the therapy. So,
there is the carrot and the stick. You can't
decide how to treat this patient w thout know ng
all the genetic abnornalities.

DR. LEVIN. Wiat happens if you have al
the genetic abnormalities and the therapy that you
envision is sonething that requires two
experimental drugs fromtwo conpanies? To give you
a good exanple, osteosarcoma -- it |ooks |ike what
you should do is you should take a PDGF receptor
inhibitor |ike STI -- deevec, and you should take
a pan SARK RTK inhibitor, which would get the
receptor as well. So, naybe that is what you
should do. So, the question is how can you
expedite that kind of a process and nove it
forward? But that would be based on genetic
i nfornmation; that woul d be based on signaling |ogic
and it is testable. It is nore valuable probably
than testing one of those receptors.

DR. HI RSCHFELD: | think excellent
diplomatic skills is going to be the way to sol ve
t hat one.

[ Laught er]
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DR. ELIAS: Just one coment. | was
intrigued in terns of the discussion of what do you
do for recurrent Ewing's? Nanely, you take the
drugs that previously showed activity. | think we
are getting into that problemin adult nedicine.
nmean, in breast cancer we have drugs that are
devel oped and approved for second-line, for
third-line. W are working on fourth-1ine.

Utimately, while that is a very good
strategy for the pharnaceutical conpanies and for
the drugs to develop a niche to get approved, what
it does also do is nean that in a sense there is
sonme nandate to require that a patient, before they
get to an experinmental agent, has had their first,
second, third, fourth, whatever. And, this is an
increasing problem and | think there is not data
that one has to use a particular sequence. On the
other hand, this is what is being used, such that
only two percent or so of adults actually go on
clinical trial, and I think that is even going to
get worse as we get into this fixed sequence of
trials based on what is FDA recomended and,
t herefore, what the insurance conpani es are going
to pay for.

DR H RSCHFELD: | just want to clarify,
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we don't reconmend or endorse trials particularly.
W allow themto proceed on the basis of safety
eval uati on.

DR ELIAS: | amsorry, | am not
di sagreeing with that but, you know, they are
approved for second- or third-line use. 1In other
wor ds, they have devel oped a specific niche so that
taxotere is approved for second-line use in
non-snall cell lung cancer or breast cancer, and so
forth. NTA | believe, is being devel oped for
fourth-1ine Zeloda refractory patients because
Zel oda is now approved for third-line. So, we are
getting an increasing, sort of reginented, set of
treatments and these are the approved indications
and the insurance conpani es are not paying for
anything that isn't approved in a sense. So, there
is adfficulty there.

DR PAZDUR This is a manifestation of
accel erated approval. Oay? And, this is a gane
that many of the drug conpanies that conme in play
with us to define what is an unmet nedical need in
order to get their drug approved on basically the
| east anount of information possible and the
smal | est population, and to try to get a nore and

nore refractory patient population. For exanple,
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if we approve at ODAC a drug in third-1ine breast
cancer or sonething with a 10 percent response
rate, the foll owi ng week we have an arny of people
comng in wanting to know what is the m ni num
response rate it will take and the snallest nunber
of patients and in the nost refractory popul ation

We are trying to discourage this strongly,
believe me. It doesn't serve anybody any good in a
situation -- yes, it could get a drug approved but
as far as nmoving the science forward | really
gquestion it. It nmay not even be doing the drug any
good because as you study drugs in nore refractory
popul ati ons the chances of missing activity are
al so there.

W are trying to re-encourage people to
take a | ook at accel erated approval as it was
neant, that there woul d be randonized trials that
were ongoing in a reasonabl e indication such as a
first-line indication, and if it |ooked like their
drug was better in a random zed setting agai nst the
standard therapy, they would get approved on a
surrogat e endpoint, awaiting survival data to cone
up.

But this is a manifestation | think of

conpani es | ooki ng at what are niche areas to get
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their drug approved on a single-armtrial and we
really are trying to discourage that to get nore
randoni zed trials in place. It gives better
characteristics as far as toxicities of the
therapies. W actually get the drug approved in an
i ndi cation that is neaningful

DR ELIAS: | amsorry, these are
randoni zed trials. | mean, there is nothing wong
with the science or anything like that. But what |
do find difficulty with is just that by the tine
you get to a mandate to be able to use experinental
t herapi es you have al ready exhausted all of your
standard approaches. That, at | east
phil osophically, | think is the wong way to go
about it.

DR. LEVIN. And those can be nediocre
t her api es.

DR ELIAS: Yes.

DR. BENJAMN: But this issue is not an
FDA issue. This is an insurance rei nbursenent
i ssue. The problemis the way nedical care is paid
for and the pediatricians have | earned the right
way. They do have a nonopoly. Everybody goes on
trial and it gets paid for. The adult oncol ogy

conmmunity has not |earned how to do that. So, the
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only things that get paid for are the

non- experinental treatnments and that encourages an
anti-clinical trial approach. So, | think that is
not an issue that we can sol ve here.

DR. SANTANA: | think we were conmenting
on that same thing on this side of the table, that
the issue is that pediatrics is a conpletely
di fferent nodel of how to surmount sonme of these
probl ens.

Questions

| want to go ahead and get to the
guesti ons before we go to lunch because, if not,
the FDAwill tell nme | haven't done ny job. So,
let's go ahead and address the questions. They are
on the second page of the handout. Sone of these
thi nk we nay have al ready answered but we will go
t hr ough t hem

Specifically for sarconmas, which is what
we have been discussing for the last two hours,
what general principles could be used to relate
sarcomas in adults to sarcomas in children? M ke?

DR LINK: | think I would endorse your
extra slide, your spare slide, as sort of a
starting point, you know, that if we can define a

nol ecul ar basis, which is a unifying thene, that we
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shoul d take advantage of it.

DR. SANTANA: | would go a step back and
woul d say that | think for sarcomas still the issue
of histol ogy, grade and nol ecul ar characterizati on,
in that order, are the principles that define the
simlarities and the differences. | amtaking what
you said and extending it a little bit further
Davi d?

DR. PARHAM | woul d enphasi ze grade over
hi st ol ogy because | think grade is sort of an
expression of biologic status of that tunor using
nor phol ogi ¢ parameters. So, to ne, that should be
one of the overriding things because a | ow grade
tunor, if conpletely excised, is cured. A high
grade tunor, even if conpletely excised, probably
deserves additional therapy. | know there are sone
caveats between grading pediatric tunors and
grading adult tunors but | don't think these should
exclude the possibility that it cannot be done and
that we should really concentrate on gradi ng
sarconmas in order to stratify themfor new
t herapies, given the fact that a |large proportion
wi |l be cured adequately by surgery.

DR. FINKLESTEIN: | amnot the scientist

that is sitting around this table but it seens to
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me that | have to disagree with nmy colleague to ny
left -- both colleagues to the | eft because if we
are really tal king about new generation, it seens
to ne the microscope may have played a significant
role in the past but is not nolecular biology the
role for the present? And, is grade noving
backwar ds and nol ecul ar bi ol ogy noving forwards or
is it vice versa?

So, | do like Steve's slide. | think
there is arole -- | can give you an exanpl e.
Enbryonal rhabdonyosarcoma, if it sits in the
bl adder, | ooks like grapes and if it sits sonewhere
else -- and you will have to correct me, Mke, if
amwong -- and it may be the same nol ecul ar |esion
but if it sits somewhere else it is going to | ook
different. Gossly it will. So, | really would
like us to reconsider do we use the nicroscope or
do we use and call upon our nol ecul ar bi ol ogi sts
for the present and the future?

DR. SANTANA: Jerry, | think ny conment is
that they are conplenentary because we know a | ot
about the forner; we are just beginning to |earn
about the latter and how it correlates to the
fornmer. So, | don't think they are exclusive; they

are conplenmentary. And, you may be right, we know
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a lot nore about the nolecul ar characterization of
al veol ar rhabdonyosarconma but we still don't know
what that neans in terns of what drugs we should be
using for those patients. So, that is why ny
conment was nore of conplenentary, not abandoning
one and bringing a new one forward. Bob?

DR. BENJAMN. Yes, actually, Victor,
woul d I'ike to support your contention. | think we
may get to nolecular definition and that is well
and good, but we don't have nol ecul ar definition
for nost of the tunors that we treat.

But | would strongly disagree with Dr.
Parham that grade by itself unifies. Gade unifies
aggressive behavior. Hi gh grade osteosarcona and
hi gh grade enbryonal rhabdonmyosarcoma are totally
di fferent diseases. They are treated with
di fferent drugs; they respond differently. If we
just say, well, everything high grade gets m xture
A-B-C we are going to nix the things which are
important. W know that there are differences in
these tunors that are based on their biology and
right now the best definition of the biology is
what it |ooks |ike under the nicroscope.

DR SANTANA: M ke?

DR LINK: Yes, | think that we are
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qui bbl i ng over sonething which is probably not
useful because grade is irrelevant in
rhabdomyosarcoma. You know, | nean we can argue
this sonme other tinme but it is certainly
irrelevant. It is very relevant in osteosarcom
but we all acknow edge that those are different
di seases when you have a periosteal osteosarcona.
So, it is relevant in a group of tunors which is
very unlikely to occur in children. So, in the
soft tissue sarcomas where there is no nol ecul ar
definition, which are the diseases that actually
don't occur in children anyway so it is a
non-i ssue, you can use whatever it takes. But the
point is that where we have actually got the
ti ssues and we have the diagnosis -- and we are not
going to say that the pathologists -- | think you
are taking it alittle too far, Jerry, to say that
t he pat hol ogi st has out-served his -- first of all
we will never get another tissue sent for another
study ever again --

[ Laught er]

So, what was it? delicate politics or
di plomatic? Even | recogni ze that that wouldn't
have been approach and I am not known for ny

delicate politics particularly. So, | wouldn't
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have said that, but |I think that we have a fairly
good one from our chairman that, you know, we have
to enconpass everything that is inportant and where
we have the nol ecul ar things and we have an agent
that really is related to the nol ecul ar event, then
obviously that is paranount. Wen we are talking
about an agent that has nore to do with grade or
nore to do with proliferative rate for which there
may be an agent, that is the unifying thing rather
than a particular kinase that it inhibits. Then
maybe grade will be the paranount thing in terms of
determ ning where it should be studied.

DR. FINKLESTEIN. | accept your diplonatic
interpretation of ny renarks.

[ Laught er]

DR. SANTANA: That is the other difference
bet ween pedi atricians and adult oncol ogi st s!

Larry?

DR. KUN: There are differences here and
one of our charges -- | nmean, if you look at is it
appropriate to study new agents, then grade is
clearly an indicator of prognosis. On the other
hand, if you are really | ooking at how you identify
new agents, it mght be applicable or justified for

a particular new agent, then grade is al nost
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meani ngless. | mean, it may be quite inportant in
your initial prognosis but it is not going to
det ermi ne what agent you are anxious to try.

DR POVEROY: | would like to add that the
i ssue of obtaining tissue for devel oping a
nol ecul ar taxonony is not a trivial one, as ny
pediatric brain tunor colleagues will attest in our
recent neetings. |If there are diseases, which is
true for all pediatric brain tunmors at this point,
where you don't have a nol ecul ar marker that
i mpacts a treatnent decision, then so far it has
not been mandated that we collect tissue to be part
of aclinical trial

In the current ethical and regul atory
environnent, it sounds |like we are going nore in
the direction that we need consent, we need to have
approval to be able to collect these tissues and we
cannot ethically put patients on trials where we
don't have a decision to be made for collecting
their tissue with tissue collection as nmandatory
because that woul d be coercing themto give tissue
to get treatnment when they don't have any tangible
benefit for thenselves. So it is a tricky issue
that we have been struggling with a lot in

pediatric brain tunors and | can only inagine in
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all tunors as well.

DR. SANTANA: Paul ?

DR. MEYERS: It is not quite as ethically
suspect as that. |If you are tal king about a Phase
I1l trial which involves conventional agents, then
denying a patient participation in the trial is not
denyi ng them potential benefit. They can have al
of those agents without trial participation. So,
in fact, for the osteosarconma and the Ewing's
sarconma trials we have required specinmen subm ssion
for entry into the clinical trial. |If they decline
to subnit tissue we are not denying a child
potential benefit. They can receive all of the
t herapy according to but not enrolled in the trial.
In fact, with this particular strategy we surprised
ourselves with the increase in the anmount of tissue
subnmi ssion in both of those clinical entities. W
are now getting excellent subm ssion of biologica
nmat eri al

| do think we are just a tiny bit off the
topi ¢ though because the question was what
principles should we be using to relate sarcomas in
children and adults, and I think that they are
stated, that we shoul d use histology and nol ecul ar

pat hol ogy, but | have not heard anyone disagree
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with the principle that we should encourage, design
and carry out trials which ignore the age of the
pati ent as nuch as possible and concentrate on the
bi ol ogy of the tunor.

DR. SANTANA: Donna?

DR. PRZEPI ORKA: Actually, that was al nost
essentially the comment that | wanted to nake and
both speakers very eloquently stated that an
osteosarconma in a kid isn't |like an osteosarcona in
an adult, and no one has presented any information
that sarconmas in children are different than
sarconmas in adults if you get down to the
histology. Even if we go on to question B, any
specific type of sarconm doesn't appear to be --
or, there was no data presented to suggest that
different types of sarcomm are different in adults
and pediatric patients, unless anybody has any
other information that wasn't stated.

DR. SANTANA: Because nobody di sagrees, we
have actually covered A and B together. M ke?

DR LINK: | agree. | just want to say
that the caveat is that, as a statistician would
say, no difference doesn't nmean that there is no
difference. It just neans you haven't detected it.

So, we know that ol der patients do |ess well.
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There is a bunch of theoretical reasons why that
is, you know, blam ng the oncol ogi st and bl ani ng
the tunor and everything in between. But it nay be
the tunor and | think that until we have array data
that shows that they really are identical, that al
t he downstream ef fects of having that EWS-FLY1
transcript are the same in an older patient and a
younger patient | don't think that you can -- | am
not as certain because there has to be some reason
why an 18-year old treated by a pediatric
oncol ogi st in the sane center as a 10-year ol d does
less well. Then, renenber, the | RSG data that |
showed you, those aren't patients that are treated
by adult oncol ogists. Those are patients treated
in the same centers, by the same people, with the
same willingness and putatively the sane conpliance
wi th therapy, although that is an issue -- not
entirely the sane host but we think that there is
not rmuch difference between an 18-year old and a
12-year old in terns of their tolerance for

t herapy, yet the outcone is quite different.

So, | think that you nmay or nay not be
right, but | think | still agree with Victor. You
know, | don't think that changes the answer to the

qguesti on.
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DR. HI RSCHFELD: Then the question, once
again, is when should studi es be undertaken, not
when shoul d the therapy necessarily have findings
extrapol ated from one popul ation to another but
should it be studied.

DR. SANTANA: So, | think we have answered
A and B, unless Steve or Richard want to address
the issue differently.

DR BENJAMN.  Well, | think that
r habdomyosar conma needs to be studied specifically
in a pediatric popul ation because that is where it
exi sts.

DR. SANTANA: Ch, yes.

DR. BENJAMN.  And, | would be happy to
i nclude adults on the pediatric trial but it is a
pedi atric di sease and we are not going to be able
to study it in adults. There nust be studies in
children on these tunors. For Ewing's
ost eosarcoma, you know, they go across the bridge.
We are going to continue to study them | think we
should study themin the sane way and | earn
whet her, in fact, we can determ ne what the factors
are which make the 18-year old different fromthe
10-year old. But | amcertainly not going to treat

the 18-year old patient with rhabdonyosarconma on an
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ost eosarcoma protocol because he is 18. | nean,
his therapy is determ ned by the disease.

DR. SANTANA: We agree. The | ast
qgquestion, | had trouble with this one, Steve. You
may have to give us some nore guidance in trying to
answer this. So, are there pediatric sarconmas that
have an adult counterpart that is not comonly
defined as an adult sarcona but as some other type
of adult malignancy such as carci nona? Help ne
t hrough that. Wat do you want fromus on that?

DR. HI RSCHFELD: kay. Every once in a
whi |l e, because of historical reasons or taxonom c
reasons based on histology, a disease ends up with
a different nane. So, since we asked about
extrapol ation fromadult sarcoma to pediatric
sarcoma, we wanted to | ook at the obverse question
is there a pediatric sarcona that, now that we have
a different understandi ng of biology, has sone
ot her nane?

I will give a potential exanple. A
potential exanple nmight be the G | eionyosarconas
whi ch have been called different things in
different eras and now we might think of it as
sonething different. So, we just wanted to nake

sure that if we are review ng proposals from
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conpani es and they say they want to cover tunor X
that we would say, oh, well, we were advised every
time we saw tunor X to think that there al so m ght
be a role for asking for pediatric studies. So, it
is just an attenpt to be conplete

DR. SANTANA: O hers nmay want to conment;
| don't have any comment. David?

DR. PARHAM Dr. Benjanmin actually raised
that question indirectly because we do have an
adult tunor, which is rhabdonyosarcona, pleonorphic
r habdonmyosar coma, and that diagnosis has gone in
and out of favor. But | think froma biologic
basis they are nothing |ike pediatric tunors but |
woul d bet that question as to whether you woul d put
those tunors on a rhabdonyosarcona program They
are really defined only by the fact that they nake
nmuscl e but biologically they are different.

DR. BENJAMN: But | think that is also
true of enbryonal and alveolar. That is one of the
reasons why sone of the differences in the ol der
rhabdonmyosar cona pati ents cone out, because there
is a higher percentage of the bad-acting group, but
t he bad-acting group is defined as the bad-acting
on the therapy given for the entire group. It may

wel |l be that we need different therapy for alveolar
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r habdomyosar coma than we need for enbryona
r habdonmyosar cona, and al veol ar can be defi ned

nol ecularly so that is a group that needs specific

targets.

| agree conpletely with you about the
pl eomorphic. | don't know how nany of them you see
in pediatrics. W see relatively fewstill in

adults, at least at Anderson. Again, that depends
on definitions and what you accept as the
definition of pleonorphic rhabdomyosarcoma. |
mean, we do see sone and, frankly, we treat them
nore |ike an adult sarconma. You are right. W
woul d i ke a pediatric rhabdo.

DR. H RSCHFELD: | would like, Victor, to
have just one clarification before we break for
lunch, and that is in part B, nunber 4. | just
want to nake sure that we are not being too
efficient. Specifically, should gastrointestina
carci nonas be excluded or included? | just want a
little discussion on that point.

DR. LINK: Col on cancer?

H RSCHFELD: O stonach cancer, yes.

SANTANA: A rare entity, Steve.

3 33

H RSCHFELD: No, no, | want it

addressed. What we are looking for here is if
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soneone cones in and says we are studying a
gastroi ntestinal carcinoma, that we woul d be
confortabl e sayi ng no, we have advice and we feel
that there is no nandate for pediatric studies,
that this should be waived.

DR. SANTANA: | think 4 specifically are
very, very di seases --

DR, HI RSCHFELD: But not in adults.

DR. SANTANA: In kids. That is what | am
telling you. So, in terns of attributing the
wai ver, it has to apply. It is just a very few
nunber of patients.

DR HI RSCHFELD: Right.

DR. SANTANA: Logically, | would have to
assune, and | may be incorrect both in nmy logic and
nmy assunption -- logically, |I would have to assune
that the counterpart is the adult disease.

Ant hony?

DR. ELIAS: Just one caveat to that,
nanely, if you are tal kinng about chenoprevention of
gastrointestinal tunmors in famlial syndrones, for
exanpl e, there certainly nay be a rationale for
that particular situation to want to be able to
study children as well. But otherwise | totally

agree that the actual carcinoma is not a pediatric
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di sease

DR. SANTANA: That is a very good point,
Ant hony. Yes, that is a very good point. Donna?

DR. PRZEPI ORKA: The other situation is
bi ol ogi cs and inhibitors of biologic nmarkers,
addressing Cin a slightly different approach in
that if you have a gastrointestinal tunmor with a
specific tyrosine kinase and that tyrosine kinase
is also present in another pediatric tunor and does
the sane thing, that inhibitor should probably be
tested in pediatric patients. For exanple, the
PDGF i nhibitors are being tested now in prostate
cancer. There is no prostate cancer in kids but,
clearly, PDGF is a big thing in pediatric tunors.
So, yes, that drug should be tested in pediatrics.

DR. SANTANA: But ultimately the end
result is what is the nmedical indication being
sought that would drive that. Am| correct?

DR H RSCHFELD: It is going to depend on
how we, again, define the word "indication."
Al t hough conventionally we have stuck to histol ogic
definitions, we are open and evolving in terns of
how we define that.

DR, LINK: But isn't that circunmstance a

little bit of a non-issue because putatively if you
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have shown that it works in a pediatric tunor you
have already studied it in kids, and then you want
to open the indication up to adult tunors. Maybe
have it wong. The other way around? All right,
wi t hdraw nmy conment .

DR. BENJAM N:. But the comment regarding
the PDG- inhibition is that we do not know in which
circunstances PDGF is the critical driving factor
of the nmalignancy. W knowthat it is present in a
nunber of different tunors of vastly different
histology. W also know that c-Kit is present in a
nunber of tunors of vastly different histology. W
don't know that inhibition does anything except
just where c-Kit is critical to the devel opnent of
the tunor. It nmay or may not; it may work in sone
and not others. W nmay find out that PDGF is
present in osteosarcoma and in Ewi ng's sarcona but
that blocking it has an effect in osteosarcoma and
not in Ewing's sarcoma. W need to do all of those
studies to find out, and we nay cone back a few
years from now and say, okay, we know that this
pathway, if it is ever blocked, will always be
t herapeutic and we can define an indication based
on a pathway. But until we have the data | don't

think we can say that.
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DR. SANTANA: Pat?

DR. REYNOLDS: | think with respect to
that issue the pediatric preclinical testing
consortiumthat Ml col m spoke about is going to be
a val uabl e asset to providing data, and if there
was consideration from FDA as to whether or not
they should grant a waiver and there was a conmnon
target anmong pediatric tunors, presunmably that
consortium could quickly address that and tell you
if there was preclinical basis for saying no, this
shoul d be studied or there was a | ack of
preclinical data and, therefore, a waiver should be
amended.

DR. SANTANA: Dave?

DR. POPLACK: | think that Steven quite
el oquently represented that in his slide, that the
presence of a common pat hway doesn't make or define
the need for a trial. There has to be a definition
whi ch enconpasses that the pathway is related to
t he devel opnent and progressi on of the disease.

DR SANTANA:  Howar d?

DR. FINE: And that just bets the issue
that | often talk about. Sone of us do believe
that as nol ecular targeting becones nore than just

a catch-all phrase but becones a reality, there



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

will be drugs ultimtely, hopefully, that will be
approved based on their target rather than their
hi stol ogi ¢ subtype in the future, but that gets
down to this termwe talk about as far as target
validation. The nere presence of a target is very
different fromtarget validation. Again, that gets
back to what | spoke about before. | think that is
where the academ c investigators -- it is incunbent
upon you if you are interested in a particular
tunor type, such as a pediatric tunmor, it is
i ncumbent upon us to validate that target in order
to nmake a case for that drug to cone into trial

DR. SANTANA: Last conment, Joe?

DR. GOOTENBERG. Fromthe biol ogics
vi ewpoi nt, what we are really tal ki ng about here --
and froma drug viewpoint also but biologics
think is where we are going to conme into these
i ssues -- we are tal king about one narrow question
When a manufacturer cones in and says they want a
i cense whether or not we grant them a waiver for
doi ng pediatric studies, not licensing or this or
that, and the question that | think, Donna, you
posed very well and that we would Iike sone
consensus on fromthe group would be that if there

is a common pathway but the two di seases are very,
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very different historically should we or should we
not grant the waiver? Just |like the PDG- that you
are tal ki ng about.

DR. PRZEPI ORKA: The answer woul d be no.

DR. SANTANA: Anybody di sagree with that?

[ No response]

Then we are done for the nmorning. We wll
try to reconvene at 12:45. It says 12:30 on the
schedul e but since we ran a little bit late we will
neet at 12:45.

[ Wher eupon, at 12: 00 noon, the proceedi ngs

were recessed, to be resuned at 1:58 p.m]
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AFTERNOON PROCEEDI NGS

DR. SANTANA: This afternoon is a
conti nuation of the Pediatric Subconmittee of the
Oncol ogy Drugs Advisory Conmittee. Since we
i ntroduced ourselves this norning and | don't think
there is anybody new at the table, we don't have to
go through the introductions again.

As is customary, if there is anybody in
the audi ence who wants to address the committee, we
have sone tinme allotted for an open public hearing.
Anybody in the audi ence who wi shes to address the
conmttee, please cone to the m crophone and
identify yourself. Nobody? Let's go ahead and get
started.

The first session this afternoon is going
to address issues of extrapolation for lung tunors
and neurobl astoma, and Frederic Kaye will be our
first speaker. Frederic?

Per spectives on Lung Tunors and Neur obl ast oma

DR. KAYE: Thank you

[Slide]

| was asked | ast week to cone over here
and just give a brief overview of adult |ung
cancer. It is alittle unusual termfor ne to put

up there, but that is what | will try to do.
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[Slide]

Starting off by |looking at the different
hi st ol ogi cal types of lung cancers, there are
di fferent ways you can approach it but one comobn
way is to separate out these lung tunors into
neur oendocri ne |ung tunors and non-neuroendocri ne
lung tunors. O the neuroendocrine |ung tunors the
nost common type is small cell lunch cancer. |
m ght add that the termfor small cell nay be a
little bit of a historical termbecause it is al so
called oat cell carcinoma. There is sone feeling
that at |east part of that m ght have been crush
artifact. These cells are very fragile in general
and they have a tendency for crush artifact on the
edges. | know Dr. Matthews, who is a
wel | -respected | ung cancer pathol ogi st over at NIH
felt that many of these tunors were nedi um sized
epithelial carcinomas and the oat cell phenotype
m ght have been contributed by crush artifact.

At any rate, the one distinguishing
feature that we had noted in our |ab about a decade
ago is that small cell lung cancers were very
tightly correlated with RB gene inactivation. This
i s unusual because there is almost no other tunor

that is, besides the pediatric retinoblastoma tunor
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and then, in the case of a subset of sarconas that
m ght arise in the phenotype of famli al
retinoblastoma. So, it is distinctly unusual to
see a tunor that will have in excess of 90 percent
have nutationally targeted the RB gene.

Now, ot her common types of neuroendocrine
lung tunors are pul nonary carcinoid tunors
non-snall cell lung cancer w th neuroendocrine
phenotype -- these are usually called | arge cel
tunors w th neuroendocrine phenotype but they can
be in al nost any histol ogical type of non-small
cell. The feeling is that since this is the
| argest subtype of lung cancer seen in about 10
percent of these |lung tunors have striking markers
for neuroendocri ne phenotype, there was a sense of,
wel I, how do you distinguish these tunors from
smal | cell lung cancer, and perhaps they nmay have
sim | ar biological features, response to treatnent,
etc.

That really hasn't resolved itself. They
do have distinct, it appears, genetic background
fromsnmall cell lung cancer, and the response to
treatment is higher but not quite like snall cell.
So, there is sone confusion as to exactly what the

meaning is of non-snmall cell lung cancer with
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neur oendocri ne phenotype and it gets back to the
cell of origin of these tunors. There is stil
sone controversy as to whether or not there m ght
be a stemcell that is targeted that can
differentiate into different types of |ineages that
m ght i nclude neuroendocri ne and non-neur oendocri ne
types or the specialized differentiated cell is the
one that is targeted for the nmutational events.

This is partly driven by the fact that
pat hol ogi sts have seen different histol ogical types
of lung cancer in the same tunor biopsy, where they
m ght see tunor types that will have small cel
features along with either squanmous or
adenocarcinona. It is not a large nunber but there
is a small subset.

These are the nain types that are thought
to be lung tunors. There are other types that
m ght be included. The ones that | put up there
are prinmary undifferentiated carcinomas and, of
course, peanut type tunors tend to occur in
non-snokers and i n younger patient types, and sone
of them may have, if we | ook for them
characteristic nolecular characterizations that
m ght put theminto other categories. Nonetheless,

since they have neuroendocrine features and since
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we are not exactly sure how best to manage them
and nany of these patients can present with

net astatic disease just like small cell lung
cancer, there has been a sense that as |long as the
| ung tunor has a neuroendocrine phenotype there is
a certain aggressive biological behavior associated
with it, with the exception of typical pul nonary
carcinoid. There are certain chenotherapy drugs,
mai nly of the cisplatin category, that are utilized
for treatnent.

O course, there is carcinoid of unknown
primary that can soneti nes have neuroendocri ne
phenotype or germcell type elenent that can be
central or nediastinal, and those are also often
recomended to be | unped together to treat them
with small cell lung cancer-like reginens.

| put up here just for interest that there
are fewclearly small cell lung cancer-rel ated
di seases which are non-lung tunors. The best
characterized are what we call extrapul nonary snall
cell. Small cell lung cancer -- and we have seen
it and maybe a nunber of pathol ogi sts have seen it
-- can arise primarily in the prostate gland; in
the bladder; in the cervix; in the thyroid and a

variety of other organ tissues. They are not
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common but when they do appear they seemto have a
| ot of biological features and they include the
characteristic feature of nutationally inactivating
the RB gene. So, there is a close connection with
this, and why they are arising in other tissues and
not in the lung is still uncertain.

The other tunor type is Merkel cell tunor,
which is a characteristic cutaneous tunor but it is
hi ghl y aggressive and even though it might present
locally in the skin, we often recommend that after
that is excised that they receive a snmall cell |ung
cancer type reginen.

The other box | included there is purely
ani mal nodel type information. Using the clue that
the small cell lung cancer has unusually targeted
in alnost every case the RB gene, if you nake a
nouse that is defective for the RB gene and in that
sense nake a familial retinoblastona nmouse, the
nouse doesn't devel op retinobl astona tunor although
you can under other experinmental circunstances.

But, what the npuse gets is a series of

neur oendocri ne tunmors which are really fascinating
and is a subject of sone work, and they get
spectral tumors which overlap between the MENL and

MEN2 syndrones. They certainly get pituitary
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tunors with al nbst 100 percent penetrance, but they
will also get nmedullary thyroid cancers. They will
get islet cell tunors of the pancreas. They will
get pheochronobcytonms, etc.

So, there is an inportant link there with
nmutationally targeting the retinobl astona gene and
even though the RB gene is essential for transit
through the cell cycle in all eukaryotic cells,
there is sonething specific about it as a single
hit leading to retinoblastoma tunors in humans,
whi ch is a neuroendocrine tunor which does resenble
in cell culture and other things in retinoblastona.
But also in animal nodels it is telling us that
there is an inmportant link that is still undefined.

[Slide]

I am saying lung tunors because many of
these aren't considered |ung cancer but they are
tunors that arise in the lung -- taking just the
mal i gnancy ones and not benign | esions, of course,
the nost common is what is called non-small cel
| ung cancer, just the general category of nmany
di fferent histologic types -- adenocarci noma, the
squanous cell, large cell undifferentiated are the
nost common type

| put bronchoal veol ar carci nona as an
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addi ti onal one because even though histologically
it belongs to adenocarcinona, it has a nunber of
very distinct clinical features, although also sone
hi st ol ogi ¢ features.

As | said, about 10 percent of these
non-snall cell lung cancers will have a
neur oendocri ne phenotype. They will appear naybe
as two different populations or as a popul ation
that partially resenbl es neuroendocrine cells, and
they will especially express a nunber of nmarkers.
It is very popular to use synoptifisine and a
vari ety of other neuroendocrine narkers to tell
t hi s.

There is sone thought that naybe this
could guide treatnent, and there is a push to
per haps consi der cisplatin-like reginens although
these reginens are pretty much used routinely now
for all types of lung cancer. So, that is really
not as nmuch of an issue as it was five or ten years
ago.

Mesothelioma is a very different type of
lung tunor. It is of interest to us because it
wi Il have a specific genetic narker that will help
i n nol ecul ar di agnosis and that should be coning

out in the future.
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There is pleuro-pul nonary bl astonma which
is primarily a pediatric disease. Then, of course,
there are sarcomas of a variety of types that can
occur primary to lung but they are unusual and we
m ght see only an occasional patient a year

[Slide]

I will just junp ahead and just show one
slide on the RB gene because it nakes a few
i mportant points. First of all, identifying that
about 90 percent, or slightly in excess, of small
cell lung cancers have targeted the RB gene for
nmut ati onal inactivation, and these can be just
singl e codon substitutions, but the biochem cal
result is that they function as null. It is as if
they weren't there.

One interest we had in the lab is that
there are about five or ten percent of snall cells
that still retain wild type RB function. W
thought it nay be a DNA tunmor virus or a variety of
ot her exogenous that might be targeting it. It
turned out that an upstream gene, called the pl6
gene, was the one that was nutating those. Wen we
went back to | ook at non-snall cell lung cancer we
found that alnmost all of non-small cell [ung cancer

had targeted the pl6 gene and not RB. Small cells
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target RB and not pl6. They both target the sane
pathway that is referred to as the RB/ pl6 pathway.
You only need to knock out one or the other but not
both. So, 100 percent of lung cancers are
targeting this pathway. It is still the undefined
guestion as to why this neuroendocrine type is
pi cki ng RB gene whil e the non-neuroendocrines pick
pl6.

This pathway is particularly interesting
because it converges on a set of enzynes that by
thenselves will entirely drive the cell cycle,
particularly the transiti on between GLS and then
the transition through nmtosis as well, and this is
t he cyclin-dependent kinase famly. A variety of
other epithelial tumors -- you can find in
nmel anoma, for instance, a specific nmutation in a
cyclin-dependent kinase nolecule. That is shown on
the slide as CDK. The nutation is exclusively at
the site where the pl6 inhibitor will bind to CDK
So, when you nutate the CDK nolecule, its enzyne
ki nase activity is conpletely intact. But what it
can no longer do, it can no |onger bind to pl6.

So, it is as if pl6 wasn't present. So, it
resenbl es other tunors where pl6 has been nutated.

When you | ook at these tunors you find
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that RBis wild type, pl6 is wild type, but the
single nutation is in this one residue on the
cyclin-dependent kinase nolecule. So, this shows
you that while there is really an RB, CDK, pl6
pat hway, you only need to nutate one but not any of
the other ones to disrupt the pathway. And,
certain nelanomas will target CDK. O her nel anonas
will target pl6 non-snall cell lung cancer, and
many other cancers will target pl6. Small cel
| ung cancer targets RB.

Finally, cyclin-Dis the other partner in
this, and cyclin-D overexpressi on has been noted.
As a matter of fact, it was first identified as a
transl ocation partner in parathyroid tunors and it
was initially called the Prad-1 gene. It has al so
been found in a number of other circunstances,

BCL1. In breast cancer it is overexpressed. In
those where it is overexpressed, it appears again
as if that is the only target in this whole

pat hway.

That is again particularly interesting
because there is a series of papers, one that was
reported yesterday, in which you |l ook, again, in
ani mal nodels which tell us a lot. Looking at the

tunor patterns to identify these pathways are so
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much nore precise, | believe, than in vitro
| aboratory experinments, and when you | ook at a
nouse nodel, they have known for about five or six
years that you can have a cyclin-D1 null nouse and
that nmouse grows up nornally wi thout any tunors.
It has a few other really specific histologica
abnornalities but when they cross the cyclin-D1
nouse with a transgene nouse that gives a high
penetrance for breast cancers -- when they cross it
with a ras transgene nouse that will give you
breast cancers in a wild type background ot herwi se,
when they cross in a cyclin-DL null nouse you get
no breast cancers. So, it is strongly arguing that
this mutated ras is acting again through a
CDK-cyclin-Dl pathway and that gives inportant
cl ues.

When they take a neu nouse, which is
anot her word for the Her2 neu since neu was
originally described in neurobl astoma tunor, that
al so gives a high penetrance of breast cancers.
When they cross that with a cyclin-D1 null nouse,
they get no breast cancers, again arguing that at
| east a new pat hway appears to be al so funneling
in, in some way to cyclin-D1.

On the other hand, when they crossed that
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with a classic nyc transgene nouse that give a high
i nci dence of nmammary tunors, they saw no reduction
in the number of breast tunors in the cyclin-D1
null nouse. So, it is giving sone clues and using
this key point of the GLS phase as a funnel but,
again, giving sone clues as to different pathways
and perhaps now i ncorporating ras, neu and other

things. That is sort of a general editorial

conment .

[Slide]

So getting back to adult l[ung cancer, a
nunber of l|abs -- our |ab and other |abs have tried

to collect what m ght be sone defining phenotypes,
and there are a nunber of caveats with this. One
caveat | mght add is instead of nyc overexpression
it is myc anplification of one of the different
menbers. Mc overexpression will be considerably
hi gher.

But, again, there are also caveats with a
nunber of these percentages put here but they give
a rough idea, showing how small cell |ung cancer
t he neuroendocrine, is genetically different from
non-snall cell lung cancer. |If you look at certain
genes, they are very simlar when you | ook at other

genes. Certainly, snmall cell lung cancer is very
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different fromother |ung neuroendocrine tunors
such as carcinoid if you | ook at sonme genes but not
ot hers.

[Slide]

This shows the genes which are probably
best inplicated in lung cancer, RB, pl6, CDK-cyclin
pat hway -- myc, there seenms to be, | think
substantial strong circunmstantial evidence,
likewise for ras, p53. Also, | believe for pl0
signal transduction pathway and perhaps for erbB

Al'l these tunors are notably characterized
by chronosonal instability and have a high
i nci dence of telonmerase activation. On the right
side there is a long list of many other candi date
| ung cancer genes, particularly candi date genes on
the short arm of chronmpbsone 3. | might add that
c-Kit is activated in a |arge nunmber of these |ung
tunors but, as far as | can tell -- | am not
i nvol ved in these studies, there really haven't
been dramatic responses with the d eevec agent but
I amnot the source to report on that.

[Slide]

I amgoing to end right there just with a
brief introduction, and these are just sone

of f-the-cuff thoughts |I had when I sent in the
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slides yesterday. Extrapolation will need to focus
on cell biology and genetics. As has been
menti oned here before, you know, assumi ng that we
know enough for rational therapies, the specific
treat nent.

The overwhel m ng thing that hits you when
you | ook at lung cancers is the neuroendocrine
phenot ype because they do appear to be a
characteristic feature of a large nunber of adult
lung cancers. |If you take small cell |ung cancer
by itself, they say it would be the fourth or fifth
nost common cancer. But this decision, as | say,
woul d require a case by case evaluation. | suppose
that is part of what this conmmttee is here for, to
| ook at that.

If you take specific treatnents you can
decide with it is one of these unusual fusion
transl ocations that you only see in a certain type
of tumor, like in some of the subsets of sarconas
etc., or you can take something |like the p53 gene
which is seen in alnost all epithelial cancers and
ny sense is if there were a way to express wld
type p53 function in these tunors, you would stop
them and you woul d i nduce either growh arrest or

cell death very consistently, and that would be an
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overwhel mi ng choice, just in my opinion. So, if
you had a therapy that you could consistently show
woul d reactivate wild type p53 functioning cells,
that woul d be a good choice for a whol e range of
what you might otherwi se think are disparate
hi stol ogi ¢ subtypes. That doesn't exist right now
but the hope will be that APL, which is probably
t he best paradi gm because there is a certain type
of treatment linked with a certain translocation
m ght be appli cabl e.

One |l ast sort of side comment, and this
has to do with the discussion that we had before
about nmol ecul ar diagnostics in sarcona, | just want
to enphasi ze, not as a pediatrician and not worKking
in sarcoma, that | feel that it really is
critically inportant to get the nol ecul ar
i nfornati on despite the practical issues, and | am
sure in brain cancer they are exponentially
important. But if you look even in the APL
situation, as far as | understand it, there are a
nunber of different types of translocations that
can be seen in APL with different binding partners,
and not all APL |eukenias respond to retinoic acid
and there is sonme suggestion that the specific

translocation in APL is the one that really wll
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target to you which ones of those APLs will respond
to retinoic acid. Using that, again, as a
paradigm it continues to enphasize the need to be
collecting this data and putting it into the

dat abase.

Then, the last thing is that these are
still the tentative days of directed treatnments, as
has been pointed out here before. There is a track
record of enpirical success, and we just have to
keep in mnd that a |lot of our rational therapies
wi || appear enpirical down the road. Thanks.

DR SANTANA: | think we will have tine
for discussion and questions later. | want to ask
Pat Reynol ds to di scuss issues of neurobl astoma as

they may relate to sone adult counterparts.

Neur obl astona and Small Cell Carcinoma of the Lung:

Differences and Simlarities

DR REYNOLDS: | would like to thank Vic
and Steve and Karen for asking me to talk on this
topic. This particular topic is one that has
fascinated me since | was a nedical student, and
that is really, is there any relationship between
smal | cell carcinoma of the lung, a tunor that
occurs in older adults, and a pediatric tunor, a

neur obl ast oma?
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I work at a children's hospital and
couldn't find any of ny coll eagues to nake any
prof ound statenents about |ung cancer --

[ Laught er]

[Slide]

-- but since nmy children's hospital is
| ocated in Hollywood, | relied on sone of the |oca
talent to point out to us that lung cancer is
primarily a disease of snokers.

[ Laught er]

That is clearly one of the najor
di f ferences between neurobl astona and snall cel
I ung cancer, and that is that it is a disease in
which the etiology of small cell cancer is al nost
exclusively related to tobacco use whereas,
clearly, that is not related, at least as far as we
know, in any way to the etiology of neurobl astona.

[Slide]

These tunors share a common ancestor. |If
you | ook on this rather conplex slide, the neural
crest stemcell gives rise to a whole variety of
di fferent neuroendocrine cells within the body. 1In
fact, it is this ability that is required of the
neural crest stemcell to nmgrate out and spread

t hr oughout the body that is thought to confer sone
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of the biological features of tunors derived from
the neural crest stemcell, nanmely, the propensity
for rapid and wi despread netastasis early in the
course of progression. That is certainly true for
neur obl astoma and snall cell |ung cancer, as you
will see

Neur obl ast oma probably arises fromthe
neural crest stemcell, or froma cell that is just
i medi ately downstream fromit, because there is a
variety of these different phenotypes that can cone
out in a differentiated pattern from neurobl ast ona.
Smal | cell lung cancer is thought to arise from one
of the neural crest stemcell derivatives that
gives rise to these APUD cells, the various
neur oendocrine cells that spread out in certain
organs and these cells, terned as Kul chitsky's
cells, are thought to be potentially the cell of
origin for snall cell lung cancer. So, in that way
these two tunors do share a conmon ancestor in the
neural crest stemcell.

[Slide]

Now, if one | ooks at the staging for
neur obl astoma, we see a very distinct set of stages
that are clearly related to prognosis. |In fact,

these stages are probably very directly related to
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bi ol ogy as well such that |ocalized tunors, even
the partially resected stage 2s, will do quite well
wi th no chenot herapy, indicating that they are a

di stinct biological subgroup fromthe nore

wi despread tunors and the nore aggressive tunors.

There is no counterpart to these in snal
cell lung cancer. What we see in snmall cell |ung
cancer are basically two stages that are defined by
the adults, one of which is extensive, wi despread
di sease and the other is nore local, regiona
di sease and they do have a prognostic inpact. The
nore localized tunmors do significantly better than
the nore wi despread tunors. Those probably
correspond to these two stages in neurobl astons,
high risk stage 3 which is a bad biol ogical feature
of local, regional tunor and then the nore
wi despread or conpletely w despread stage 4s. As
you will see, this is our major problemin
neur obl astoma, the stage 4 patients that present
over one year of age.

For conpl et eness, anot her staging
conponent that was initially identified by Chick
Coop, Audrey Evans and Dan Di Angel o, the stage 4S
tunors, are w despread di sease that can

spont aneously regress with no therapy at all. That
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occurs only in infants in neuroblastoma and clearly
has no counterpart that we know of in snall cel
| ung cancer.

[Slide]

If one | ooks at sites of disease, clearly
there are differences in the sites of disease,
mainly the primary tunmor. The snmall cell 1ung
cancer presents in the |lung, whereas neurobl ast ona
presents anywhere where there is synpathetic
nervous tissue but a very comon site of it to
present is in the adrenal

However, if one |ooks at the metastatic
sites, there is al nost conpl ete overl ap.
Neur obl astona and small cell [ung cancer both
frequently present at diagnosis with bone marrow
net astases and that is a common site of recurrence
for both of these. They both comonly have Iiver
net ast ases and whereas snmall cell |ung cancer can
present -- and in fact sonetines the initial
presenting synptonms, in fact, the first small cel
patient | ever saw as a nedi cal student, that is
how he presented with a seizure froma CNS
net astasi s, that then through a chest x-ray showed
us that he had a snall cell lung cancer. That is

not seen in neurobl astoma where CNS net astases at
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di agnosi s are exceedingly rare.

However, at rel apse, now that we are
starting to control the disease, we are
unfortunately, starting to see a significant
increase in the number of CNS netastases in these
rel apse patients. So, there is some degree of
overlap in that site of disease as well.

[Slide]

I n neuroblastoma we see a spectrum of
differentiation. You can see this in an individua
patient if you serially biopsy particularly stage
4S patients when they are aggressive. You can see
highly undifferentiated and netastatic cells that
mat ure through these differentiated phenotypes with
pseudorosettes all the way to a benign
gangl i oneurona, which is very rem ni scent
hi stologically of a sympathetic ganglion.

One does not see this kind of
differentiation in snall cell lung cancer and so
there is clearly a difference between themthere.
As you will see, therapeutically we have been able
to apply this differentiation in neurobl astoma and
it probably can't be applied in small cell.

[Slide]

If one | ooks at |ocalized disease in
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neur obl astoma, this is essentially a surgically
cured disease and, as you see fromthese data from
t he cooperative group, with a fairly good | ong-term
foll owup period, these patients with no
chenot herapy are doing quite well. So, this is
anot her clear difference between small cell and
neur obl astoma in that |ocalized di sease patients do
quite well.

[Slide]

| would like to turn to sone of the
nol ecul ar features, in particular the nyc oncogenes
whi ch, as you renenber, were initially identified
by M chael Bishop and Harold Varnus, the v-myc gene
being the viral version of the cellular honol og
c-nmyc. Manford Shrawin, in Mchael Bishop's |ab
was then able to | ook at neurobl astomas which were
wel | -known to have sone sort of anplified gene
because they carried double m nutes, and the MYCN
gene, whi ch has honol ogous sequence to c-nmyc and is
found to be anmplified in a |arge proportion of
neur obl astomas. Al nost half of the high risk
pati ents have anplified c-nyc.

Then Marion, now working with John M nner
over at NCI Navy, were able to do exactly the sane

thing. Knowing that there were anplified sequences
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of myc genes in snmall cell lung cancer, they were
able to fish out another honmol og of c-nyc, the
L-myc gene. So, those are the three nyc genes, one
being primarily derived from neurobl astoma but, as
you will see, that is also anplified in sone small
cell patients, and one being derived primarily from
smal | cell lung cancer.

[Slide]

This anplification occurs, as you will
see, at the chronobsone 2 regi on where NWYC i s
located. It is believed that there is an excision
of the gene which leads to plasnmids that turn into
doubl e minute chronosones and that those can be
then integrated back into chronpsones as
honbgeneous staining regions, but regardl ess of the
cytogenic mani festations, the nultiple copies of
the gene are seen in about 25 percent of al
neur obl astoma primary tunors and, as you will see,
that has significant prognostic outcone
relationship. This anplification basically
provides a |large anount of NMYC RNA whi ch then
overcones the short half-life for NWC and
generates a |l arge ambunt of NWC protein.

[Slide]

This shows, froma study that was reported
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by Marilee Schmidt in JCOin 2000, one of the nore
dramati ¢ denmonstrations of the inmpact NWC
anplification in neuroblastoma. W are | ooking
here at patients who have stage 4 neurobl astoma
that present as infants. Those patients that have
no NWYC anplification get relatively nodest, not
superi ntensi ve, chenmotherapy and do extrenely well
whereas, in spite of whatever aggressive therapy
you can try to get into these infants, those
patients with MYCN anplified di sease do extrenely
poorly.

[Slide]

In ny | aboratory we have been spending a
lot of time trying to characterize drug resistance
nechani sns, and this is some work | wanted to share
with you from N na Kashl ava where she has | ooked at
a variety of different neuroblastoma cells |ines,
and here are just sone representative ones
est abl i shed at diagnosis, then sone established at
PD-1 ND at progressive disease during ararfrin
i nduction therapy, then the PD-BMI are cell I|ines
that were established at tine of progressive
di sease after nyel oabl ative therapy. Shown on this
axis is the amount or resistance of these cells to

various agents. The two plati num conpounds,
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car bopl ati num and ci splati num nafolem then
doxorubicin in red, and finally in yell ow
etoposide. As you see, we go from diagnosis where
there is extrene sensitivity, as you will see and
we al so see this extrenme sensitivity in the
patients, as you go through the various stages of
therapy, as this therapy gets nore intensive those
recurrent tunors that we then place in a culture
have a sustained, very high | evel of drug
resi stance.

We | ooked at a variety of different
mechani sns for this and we weren't able to pin
anything on it. But, what Nina did was then to
exam ne p53 function and what she found is
summari zed in the next slide.

[Slide]

The | oss of p53 function, primarily by
nmutation which is virtually never there -- only two
percent of all neuroblastonas as prinmary tunors
have nutation at p53, but in these cell lines that
are highly drug resistant there was an incredible
correlation with loss of p53 function, again,
nostly by nutation. |If she knocked out, as you see
in the yell ow squares here, p53 function by

transducing in the 16EC6 protein, then on this axis
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we see the LC90 for a variety of drugs. The red
bars indicate the clinically achievable |evels and
we go fromresponsive cell lines that can be killed
by clinically achievable levels to, as you see in
the yell ow symbol s, those p53 non-functional |ines
are virtually never killed by clinically achievable
| evel s of the drug.

Now, there are sone exceptions with new
agents which are p53 i ndependent, but for those
agents -- the alkylators, the plati num etoposide,

t he agents we comonly use for neuroblastoma -- a
| oss of p53 function appears to be one of the
mechani sns by whi ch drug resistance occurs.

[Slide]

If we go to the bottomof this table, we
see that that can be related back to small cel
| ung cancer where p53 nutations are present in a
hi gh proportion of these. Fromthe literature it
is not clear whether these are nutations detected
at diagnosis or after chenotherapy. |In talking
with Dr. Kaye, it was clear that he feels that a
nunber of these tissues were procured at various
points in time during therapy so this may be a
m xed bag and not just at diagnosis.

Wth neuroblastona, again, there is a
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| arge body of literature showi ng that essentially
if you take it all and do a neta-analysis two
percent of the tunors are nutated. W are starting
to see fromthe cell lines in the tunmors we are
| ooking at clearly nore than 20 percent, we don't
know what the exact number is going to be, in the
post - chenot her apy neur obl ast omas p53 nut ati ons.

So, just on that basis alone, one of the
things | amgoing to try and do is draw a very
strong paral l el between rel apse neurobl ast ona and
smal |l cell lung cancer in terns of its behavior
In fact, the clinical behavior of these diseases is
quite identical in that they both do poorly
eventually with chenotherapy. Even though there is
sone response, both rel apse neurobl ast omas and
smal | cell lung cancer are incurable diseases.

There are other parallels that one can see
i n nmol ecul ar biol ogical features. MYCN
anplification, as we said, occurs in half of the
neur obl astomas but it also occurs in small cel
I ung cancer, with at relapse or at diagnosis.
Unlike small cell, we don't see c-nyc anplification
or L-myc anplification in neuroblastonma but both of
t hose genes can be anplified in small cell as well.

Neur obl astona i s an adrenergi c tunor and,
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therefore, secretes catecholamnes quite
frequently. That is not seen in small cell |ung
cancer. But other neuroendocrine features,
chronobgrani n expression, PGP9.5 expression, NSE,
the leu-7 antigen -- a variety of neuroendocrine
features are seen both in neuroblastonma and snal |
cell lung cancer. They appear to have different
tunor suppressor loci, however, whereas del etion of
3P is the npost comon del etion seen in small cell
and it is a deletion of the short armof 1 in
neur obl ast oma, al though there are sone P1 del etions
that are reported in small cell lung cancer

[Slide]

This is a curve showi ng the CCG data at
two periods of tinme. initially the 1978 to 1985
studies in the CCG were stage 4 neurobl ast onas
presenting over one year of age, and then the data
that was obtained in the period from 1986 to 1995.
You can see that there is a clear-cut and
statistically significant inprovenent in surviva
for stage 4 neurobl astonas presenting at greater
than one year of age.

There are probably two nmaj or reasons for
this, one of which is the application of very

intensive therapy, as | will show you in a nonent.
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The other is the application of
di fferentiation-inducing therapy. This shows you
an NMYC anplified neuroblastoma in culture, which
is then treated, in the panel on the right, with 10
mcronole retinoic acid and it shows you the
remarkabl e growth arrest and differentiation that
can be achieved with that agent. There is no known
parallel to this in small cell [ung cancer and we
don't know of any differentiation inducers that are
effective like this.

Going clinically with that, in the CCG 389
study we were able to show that the conbination of
i ntensi ve neyl oabl ati ve therapy, supported by
aut ol ogous bone marrow transpl ant, or ABM,
followed by 13 cis-retinoic acid gives the highest
survival rate that you can get for this particular
form of neuroblastona, the high risk disease. That
is, in fact, what is now being applied essentially
wor |l dwi de for treating this tunor -- nyel oabl ative
therapy followed by a differentiation inducer.
O her types of therapies to go along with 13
cis-retinoic acid are being tested. For exanple,
nonocl onal anti body therapy is being tested in
Europe and will soon be tested here, in the US.

[Slide]
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Now, if one |looks at the response rates to
i nduction chenot herapy for both small cell |ung
cancer and neurobl astoma, they are identical. Both
of these diseases with conbi nati on chenot herapy get
a response rate of 80-90 percent. There are
clearly nore CRs that are achieved in
neur obl astomas than there are in small cell [ung
cancer but they both get an al npbst identica
response rate.

[Slide]

VWhat | find even nore striking is to | ook
at the clinically activity of the drugs. Shown in
yellow are all those agents that are used as
standard parts of therapy, conmponents of standard
t herapy now for neuroblastona and small cell [ung
cancer. You see that those agents are identical
By enpirical clinical studies the exact sane agents
have been shown to be useful in these two di seases.

Now, other agents that are used | ess
frequently in these di seases, such as ifosfam de,
topot ecan and paclitaxel -- we don't know for
paclitaxel; certainly we know for ifosfan de and
topotecan that they are active in both of these
di seases. For nelphalin there is not enough data

to say whether it is active in small cell |ung
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cancer, presumably it would be. And, 13
cis-retinoic acid presumably woul d not be but we
don't have that data.

But in spite of those two, there is this
enornous overlap and | would like to propose this
as one paradigmfor trying to | ook at diseases,

di sparate di seases. Here we have a lung cancer in
adul ts, caused by smoking, and an enbryonal neura
systemtunor and if you |look at the pattern by
enpirical studies of drugs that have been found to
work, they are alnost identical. |If you take that
as a paradigmfor trying to apply the Pediatric
Rule I think it nakes a | ot of sense, that if by
enpirical observation we find that the pattern of
agents has been the sane perhaps the next agent
that is going to be tested, unless it is targeting
sone specific pathway not known to be in the
particular tunor, could be also useful.

One can extend this beyond what we are
tal ki ng about here to di seases such as enbryona
carci nona of the testes where there is a
considerabl e overlap with this pattern as well of
t he agents being active, and we al so know that the
same is true in ternms of p53 -- enbryonal carcinonma

of the testes virtually never nutated at di agnosis
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but at relapse tunmors do have p53 nutation. So, |
think we can draw a | ot of parallels.

[Slide]

| wanted to end by saying we can go back
the other way. These are data frommy |aboratory
| ooking at fenretinide, a cytotoxic retinoid, in
conbination with safingol. You can see in these
neur obl ast omas whi ch i ncl ude post-BMI rel apse
neur obl astoma that these cell lines are totally
resistant to virtually every agent we can throw at
them And, if we use this conbination of
fenretinide plus safingol we get this striking
multi-log cytotoxicity at dose |evels here, at
least in tissue culture, that are totally non-toxic
for normal nyeloprogenitors and fibroblasts. So,
we are very interested in devel oping this therapy.
In fact, the NIH is supporting developing it
t hrough a grant.

[Slide]

My col | eague has | ooked at this in smal
cell lung cancer, and this is one of several lines
he has | ooked at, and he sees exactly the sane
striking synergy with these agents. So, it may be
that agents that are devel oped in the pediatric

conmunity coul d be then brought back forward to
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adult diseases, and | think we ought to think about
goi ng both ways in this area when we are trying to
i nk di seases.

[Slide]

So, | would Iike to end by saying that |
think there are substantial simlarities between
neur obl astoma and snall cell lung cancer. These
simlarities include netastatic sites, the
neur oendocri ne markers and antigens that are
expressed on these tunors; their nol ecul ar
bi ol ogi cal features; their initial response rates
to chenot herapy, which | think is very inportant;
and especially their profile of clinically active
dr ugs.

Based upon those, | think these
simlarities suggest that drugs devel oped for
ei ther di sease should be strongly considered for
clinically testing in the other. Thank you

Di scussi on

DR. SANTANA: Thank you, Pat. W have
time now for discussion. | want to get started now
nysel f. The question kind of relates to this
anal ogy that you are proposi ng between aggressive
neur obl astoma and aggressive small cell |ung

cancer. The question is, yes, there may be nmany
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simlarities but the simlarities may be truly
coi ncidental; may have to do with what ultinmately
causes cancer in a very sinplistic way and totally
unrelated to the two di seases independently. But
there are also a lot of differences. So, the
unifying principle is not quite there because there
are as nany differences between the two di seases as
there are simlarities. So, | wanted you to expand
alittle bit on that and where you think those two
cross so that we can then propose when sonebody
cones to the agency with small cell [ung cancer
drug devel opnent that they consider neuroblastic
tunors in that devel opnent too. So, do you want to
tackle that one? It is a very general question
not very specific.

DR. REYNOLDS: What | amtrying to do here
is to show that certainly there are differences but
there are also simlarities and the real question
at hand, as | understand it fromthe FDA s
consi deration of the Pediatric Rule is whether or
not there is enough evidence to link an adult
cancer to a pediatric cancer to indicate that a
study is warranted. And, | believe that based upon
not only the biol ogical features, even you consider

that there are differences between them but
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especi al ly based upon the history that we find by
enpirical drug devel opnent in small cell [ung
cancer and neurobl astonma, given that so nmany of
t hese agents have been shown to be active for both
of these tunmors, that would be, at |east fromny
perspective, strongly suggestive that a study
shoul d at | east be considered in neurobl astoma for
an agent that is being brought forth for as an
indication for small cell also.

DR. SANTANA: Jerry?

DR. FINKLESTEIN. Pat, if you did the sane
ki nd of conparison with, say, malignanct nelanona
what woul d you show, and have you done it? | say
that because that is another neural crest cel
tunor which many of us have grown up thinking in
terns of neuroblastoma. Wat do you think you
woul d find?

DR. REYNCOLDS: Well, | haven't done that
conparison at the depth | would like to, to answer
that question but there are certainly sone
simlarities. They are both neural crest cel
derived. They share sone conmon antigens. In fact
the NTGAD2 anti body which was devel oped for
neur obl astonma therapy is being tested in nel anonma

and in small cell as well. So, there is clearly
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sone overlap there. The striking simlarities in
terns of simlar histology is there; netastatic
pattern is not there, nor is the response rate or
identical profile of drugs. But |I think there is
overlap there and it certainly should be | ooked at
careful ly.

DR LINK: You had me going until the |ast
busi ness about this conparison of the drug
sensitivity profile as a way of relating the two
because, you know, everything in pediatrics is
sensitive to dactinonycin, cyclophosphani de and
Adriamycin. So, if you took those three drugs and
said that Ewing's is |ike rhabdonyosarcoma because
they both respond to those three drugs you woul d
sort of set back all of this splitting that we have
been doing in defining a nmol ecul ar under pi nning for
the specificities of the cancer. |In fact, there
are those people who say small round cell tunmor --
just give them cycl ophosphani de and Adrianycin and
it should go away, |ike our pathol ogists at ny
institution when they refuse to do these nol ecul ar
tests.

[ Laught er]

So, | think you have a very cogent

argunent. And then the last slide with the
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fenretinide -- but I think we have to be very
careful about sort of putting on record that
anything that responds to three drugs is likely to
be the same because ultinmately those are the only
three drugs that are useful for nbst adult tunors,
and platinum| guess. So, you are |lunping a |ot of
t hi ngs where we woul d be going both ways. That is
ny fear.

DR. REYNOLDS: | agree with you totally,
Mke. M point with this was not that we could
lunp small cell lung cancer in w th neurobl astoma
and do trials. Qbviously, you can't do
nyel oabl ative therapy in these 16-year old patients
and there is a whole variety of reasons why you
can't treat themthe sanme. Wat | am suggesting
is, is an agent that is active in one likely to be
active in another? That is the real question that
we are getting at for the purposes of this
conmittee. | think based upon those data, there is
a strong history that would suggest that if an
agent was tested in one and was active, it was
likely to be active in the other

DR. COHN: | was just going to say that |
thi nk, again, we have to think about this. It is a

neur oendocrine tunmor nmuch like a nelanomn is a
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neur oendocrine tunmor and there are certainly sone

antigens that are sinlar; there are sone

anplifications, sone genes that are sinilar

there are certainly presumably sonme biologic

and

pat hways in terns of cell growh and devel opnent

that are probably simlar. | think, once again, we

need to take into account Steve's slide.

Rat her

than trying to lunp small cell and neurobl ast oma

together, | think it is nuch nore inportant to say

what is the drug? Wat is the pathway targeting?

Is the pathway prevalent in both snall

cancer and neurobl astomr? |f the answer

for exanple, GD2 is an antigen and you could

cel |

l ung

is yes,

potentially use that particular therapy in both

di seases. Then, you know, | think it nakes sense.

But | agree that to just say, you know,

that a drug

that destroys DNA and basically kills cells the way

chenot herapy does to be sensitive in both probably

isn't a rational approach

DR ELIAS: Just a conment because it is

struggle I think. The devil is in the details, so

to speak, in terns of when we try to define a

treatment according to its biologically targeted

activity. |If we take the exanple, for exanple, of

Herceptin in breast cancer and we say,

okay,

now

a
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with FISH we think we have a negative predictive
factor in breast only, if that is not anplified
then Herceptin doesn't seemto work. If it is
anplified, it does work. However, when we think
about it working, it really only works, let's say,
20 percent of the tine, at |east by itself.

So, the point really is, nunber one,
shoul d we spend an enornous anmount of tine trying
to validate the target by |ooking at the assay
used? Nunmber two, it is clear that even when the
target is validated the results are very
spectacul arly heterogeneous, and we don't
understand why a Her2 overanplified breast cancer
doesn't response. The third, it is also being
defined specifically for Herceptin and it is fairly
clear -- well, no, it is not fairly clear but it,
hopefully, w Il becone clear that if you use a
different targeting nethod or a different nol ecule
you mght, in fact, get a conpletely different
answer in terns of what is inportant biologically
in that pathway.

So, yes in snall cell we have G2, we have
GD3, we have a nunber of overlaps particularly in
neur oendocri ne type pathogens that are relevant in

neur obl ast oma and nel anomn, for that matter -- |
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mean, we can go and look at a lot of simlarities
and if we have a specific target it mght be

rel evant but | think it comes back to what Howard
said, that we have to be absolutely sure that these
are neani ngful in that disease and that they are
going to have a biological effect. And, | think
that is where we fall apart a little bit. | don't
t hi nk we know t hat.

DR. SMTH: | have a biological question
for Dr. Kaye. You know, Pat shared his data with
the p53 and how that decreases the
chenosensitivity, yet, in this very chenoresponsive
or initially chenoresponsive cancer there is a high
percentage of p53 nutations and not in
neur obl astoma in response to the sane drug. |Is
t here any expl anation of how you can have such a
hi gh percent of p53 nutations and yet be so
chenor esponsi ve, as opposed to the situation in
neur obl ast onma where once those nutations appear you
| ose nuch of your chenpbsensitivity?

DR. KAYE: Snall cell lung cancer is a
really tough di sease for oncol ogi ¢ research because
it tends not to be a surgical disease. It is
al nost never a surgical disease. So, there is

al nrost no prinmary material to deal with, and a | ot
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of the biopsies are on needl e aspirates or small
bronchscopic biopsies. So, I amnot so certain
t hat how nuch of the nutational data for the tunor
was done pre-therapy and you are going to be skewed
alittle bit nore for nore advanced stage.

There is an interesting point with nyc
anplification. | showed a very |ow incidence of
myc anplification in lung cancer. Earlier data
showed a nuch higher incidence. There is a
guestion as to why you don't see as nuch nyc
anplification now as you did earlier on. There
have been a few studies that tried to say -- again,
that data was often done after patients had been
subj ected to chenotherapy -- so, there was an
argunent, and | amnot sure how tenable it is, that
cytoxi n- Adriamycin, which was the npbst conmon
regi men that was used for small cell |ung cancer
earlier, mght be pressuring these cells to undergo
myc anplification while cisplatin-etoposide m ght
not have the sane genotoxic stress and that m ght
be a reason why. But, again, a lot of this data is
done post-treatnent. So, it is plausible that p53
is not targeted early.

The counter thing is that, again, if you

target especially the RB gene, those cells with
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wild type p53 undergo apoptosis al nbst inmediately.
So, it is inmpossible to find any sanple or cel
line that has a mutant RB relating to wild type p53
function. So, | think there is no answer to that
qguesti on.

Questions to the Comm ttee

DR. SANTANA: Any ot her coments? If not,
| want to go ahead and start with the questions so
we can renain on time. As | did earlier this
norning, | want to take a first pass proposal to
answer the first question.

This relates to what general principles
shoul d be used -- | amgoing to change the
guestion, not "coul d* but "shoul d* be used to
relate malignancies in adults to neuroendocrine
mal i gnancies in children?

I woul d propose the followi ng, clearly, as
has been denonstrated well by Pat and Dr. Kaye
today, there are many simlarities between the
general spectrum of neuroendocrine nmalignancies in
adults and in children, and specifically naybe with
the two exanpl es that were shown, small cell [ung
cancer and neurobl astoma. But, there are al so nany
differences. | amnot confortable stating that the

simlarities outweigh the differences so that |
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thi nk we should take a unified approach of | unping
t hese things together when it cones to interpreting
the regulations, with the exception that if a
product is coning forth, as has been alluded to,
which is specifically indicated for a biologic
target and that biologic target has been
denonstrated to be inportant and rel evant both in
smal | cell lung cancer and al so denonstrat ed
preclinical and biologically in neurobl astonma that
in that case there should be a |ink and you shoul d
request pediatric studies but only in the context
of where there has been a predefined conmon
el ement, a targeted therapy that is biologically
rel evant and suggests that it may be effective
woul d | consider that the two di seases be unified
interns of the regulation. That would be ny
answer to this question. | don't know if the rest
of the conmmttee agrees so pl ease speak up

DR. PAZDUR: Wuld you advocate that that
target should be actually nmeasured in a
subpopul ati on?

DR. SANTANA: Yes.

DR. PAZDUR: Say, if sonmebody was
devel oping a drug for lung cancer but they were

targeting and neasuring a specific enzyme that they
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were inhibiting, and it was only going to be used
on that specific population so it really targeted

DR. SANTANA: Yes.

DR. PAZDUR: -- rather than a nore genera
-- you know, this may inhibit enzyne, cure,
what ever.

DR. SANTANA: Correct. | think it needs
to be defined very precisely and targeted very
precisely. M ke?

DR LINK: Just nore of a generic
question, and | amnot sure it is directed to you
but do you really want to have separate principles
for sarconas and separate on -- | ama little
nervous that you had kind of a nice proposal for
sarcomas -- at least | thought it was nice -- and
now you are kind of dancing around a little thing
here to try to accommopdate a very different
approach. Maybe we should try to go back to the
sarcoma one and anend it a little bit to |ooking at
a pat hway that m ght be targeted, which wasn't
i ncluded in the sarcoma thing, rather than trying
to make a totally different thing here for a
different class of tunors

DR. SANTANA: Mke, | will give you nmy own
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bias. M own bias is that in sarcomas the diseases
clinically, pathologically, etc., are very simlar
and the differences are minor, whereas in this
exanpl e that we are being given now | think the

simlarities and differences are very obvious --

DR LINK: | agree totally with what you
said --

DR. SANTANA: -- so, | think | want to
propose --

DR. LINK: -- the diseases are the same or

the pathway is the same, not that you have a
principle for sarconmas and a different principle
for neuroendocrine tumbrs and now we are going to
have brain tunors and we are going to have a third
different principle there -- you know, kids' brains
are fully devel oped or brains are not fully

devel oped. It seens nore rational to have a
unifying principle which is either a targeted

pat hway or that the tunors are identical on a
genetic --

DR PAZDUR | think there could be
differences here. | think an unconfortable feeling
that we are having here in dealing with snmall cel
| ung cancer versus neurobl astoma is that even

t hough if somebody had a simlar mechani sm here



