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PROCEEDI NGS
(12: 10 p. m)

VR. PECK: Welcone to our Foresight
Sem nar. And, thank you for com ng.

| am Jonathan Peck from the Institute for
Alternative Futures. And, we are very excited today to
present to you a program on the Frontiers of
Phar maceuti cal | nnovati on.

| would like to start with sonme objectives
for this program and share those with you. W are
| ooki ng to present recent devel opnent s I n
phar maceuti cal research innovation.

And, fortunately, with the panel we have,
we can go even beyond the recent devel opnents and poi nt
to where they are going to take us. So, we can | ook
forward to what pharmaceutical 1nnovation can be

bringing us at the frontier.
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Il would like to ask -- as we go to the
second objective, which is to examne the inpact of the
human genone project on research technique, nedicine
design and the treatnent of individuals, we wll be
| ooking forward to that. Wre any of you here at our
Foresi ght Sem nar about a year ago on the human genone
project and the future of biotechnol ogy?

(A show of hands.)

MR PECK: Ckay, a few of you. | can tell
you that | renenber that as one of the nobst exciting
di scussions that we've had, that a scientist, Marty
Rosenberg, took us to what the human genone project can
mean. And, it was just absolutely thrilling.

And, what we have now is a panel who can
take us into that very exciting area of the interface
between chem stry and the biotechnol ogy that the human
genone project is bringing and will cross that border

and show what i nnovation can nean and show us sone of
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the exciting potential that that will bring in terns of
creating better products for the health of people
around the world as well as in this country.

Qur third objective, then, is to discuss
how gover nnent regulation can foster or hinder
scientific and pharmaceutical innovation. Through the
year, we've had a nunber of foresight semnars on
policy oriented, specifically |ooking at pharnaceuti cal

regul ati on.

And, we had a workshop -- sonme of you may
have attended -- in August on vision and FDA reform
The Institute wll be comng out with a report in the
next weeks that wll bring sonme exciting conclusions
fromthat.

And, we believe we have a unique
contri bution. For those of you interested in FDA

reform we invite you to look forward to that report.

And, certainly, if you weren't at that
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sem nar or that workshop, you should | eave your card if
you woul d |i ke a copy of that report.

W have for you today sone binders that
I ncl ude the agenda, our objectives our goals for this
session, sone handouts from the different presenters,
as well as a neeting sunmmary of the last foresight
semnar. | know that because the governnent was cl osed
during our last foresight semnar, we had to nove it in
the last mnute to a hotel.

Some of you couldn't attend, so | would
|like to share with you sone of the insights that cane
from that |ast foresight semnar, which was very
exciting. It was on the third wave nmarket and the
future of Medicaid and Medi care.

W had done a |ook ahead at t he
devel opnents in the nmarketplace in our previous
foresi ght sem nar. And, we recognized that the third

wave mnarketpl ace has striking inplications for policy.

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

Wat we bring out of that is that Medicaid
and Medicare are second wave progranms. They were born
of 1930s concepts and using designs based on 1960s
I nformati on technol ogi es.

And, our speakers showed us that there was
a great deal of excitenent if we | ook ahead to designs
based on a third wave rather than a second wave
construct.

We recognize that the federal political and
policy process is not a learning system And, for us
to take advantage of this third wave that all branches
are going to need to create learning systens to take
advantage of the new potential, many of which are born
on brand new technol ogies, certainly different fromthe
mai nframes of the earlier conmputer world.

And, finally that the third wave concepts
and t echnol ogi es can t ake Congr ess and t he

Adm ni stration beyond currently proposed policies that
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work at the margins of these old second wave prograrns;
and, that we can develop policies to obtain explicit
goals of individually tailored services and outcones
nmeasur es. It's a very large difference as we devel op
prograns that are not so process oriented that becone
out cone ori ented.

So, those were the take-hones from that
foresi ght sem nar. And, we are sorry that it worked
out that the timng was such that many people could not
attend.

But, it was, nevertheless, an exciting
di scussion that | would recomend to you.

W want to, before we begin this session,
give special thanks to the Anerican Association of
Pharmaceutical Scientists that helped wus identify
| eadi ng scientists that we could bring in to this panel
and provide sone materials. They are in your package.

Many of you, |I'm sure, know the Association and its
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work in helping policymakers see what science can
bri ng.

| would also encourage you to contact us
for the summaries of this, as well as the other
foresight semnars, and certainly the report on vision
and FDA reform

Wth that, let ne turn to introducing the
panel on the discussion today. W are very fortunate
-- | can't tell you how exciting it is to ne, after
doing all the policy sessions, to connect wth
scientists of this stature and to discover that
I nnovati on has been noving so rapidly in recent years
i nto the devel opnent of pharnaceuti cal s.

So, where we have been very excited by the
humane genone project, by the innovation at the
di scovery side, the nolecular discovery side, that to
find out the kinds of innovation that are occurring in

chemstry as we nove into developnent and in the
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phar maceuti cal sciences, | think you will share wth ne
sone of the absolute recognition that this is very
exciting and it portends sone wonderful new products
for us in the near termfuture.

W are going to begin with Dr. Lloyd Smth,
who cones to us from the University of Wsconsin at
Madi son. |'"m sorry there was sone confusion, but in
the bios, we didn't note that he is also Drector of
Thi rd Wave Technol ogi es.

So, like Dr. Benet, who will follow him we
have both academc and entrepreneurial credentials
here, two sides of where innovation is occurring, for
us to | ook at.

After Dr. Smth, we have Dr. Leslie Benet,
the University of California, San Francisco School of
Pharmacy, again also an entrepreneur. He's Chairnman of
AVMAX, anot her exciting start-up conpany.

So, we have two views here. And, the
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boundary of innovation crosses acadenmic and the snall
business world in a very exciting way, as we think you
wll see.

Then, batting cleanup is Dr. Ronal d
Borchardt from the University of Kansas School of
Pharmacy. And, here we have the pure academ c vi ew.

And, again, we wll start to see how this
t heme of innovation by crossing the boundaries, whether
iIt's the boundaries of scientific disciplines, the
boundaries between the comercial world and the
academ c world, governnent or public-funded research
and private-funded research is where the action and
excitenent is and where we can see, |ooking forward, a
very exciting future for health and i nnovati on.

Wth that, let ne invite Dr. Lloyd Smth to
begi n. W will have about 10 mnutes of remarks from
each of the speakers and then we will have an extensive

Question and Answer session that | wll noderate
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aft erwards.

Thank you. Dr. Smth.

DR SM TH: It's a pleasure to be here.
This is ny first visit to Capitol HII.

And, Jonathan warned ne ahead of tine that
peopl e who spend a lot of tinme on Capitol H Il becone
cynical and disillusioned. So, | think it's very good
for you to bring people like nme from say, Wsconsin,
for instance, because | haven't been here very long so
|"mnot at all cynical or disillusioned.

(Laughter.)

DR SM TH: Though, with tinme and naturing,
you know, that could cone.

So, | do a lot of work at the University of
Wsconsin on the human genone project, particularly on
t echnol ogy aspects of the human genone project. So, |
would like to tell you a little bit about that project

-- it wn't be too long -- and then about what | think
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Is followng very rapidly and already beginning on the
heel s of that project, which has a --is going to have,
and is having, a big inpact on how nedicine is
practiced in this country and in the world.

(Slides.)

DR SM TH: The goal of the human genone
project, as it says here, is to really revolutionize
the way we do biology and the way we do nedicine. And,
sone of the things that have been prom sed to cone out
of the human genone project and sonme of the things
that, in fact, are comng out of the human genone
proj ect are shown here.

It allows us to find all the genes of man.
So far, estimates are that we have found nmaybe half of
t hose genes.

Based on those genes and the know edge of
what they are and where they are, we hope to be able to

go on and elucidate their function to sone degree. I
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will talk nore about that in a mnute.

And, through function, we can find the
basis of the known genetic diseases. By now, there's
about 4,000 known genetic diseases that have been
characteri zed.

And, only a snmall handful of +those are
understood at a nolecular level -- how they function,
what they are, what the details of them are.
Qovi ousl vy, that's a great opportunity for the
pharmaceutical industry, because as we go into all
these genes, both normal and abnormal genes, then
there's many, many nanifold opportunities to devel op
new products and therapies and diagnhostics that nake
use of that information.

And, of course, another thing that 1is
happening, which is really an infrastructure support,
Is that the information that's present in the hunman

genone, as it becones known, is already starting to
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rapidly affect how fast we can do biol ogical research

For instance, | just heard a talk yesterday in the
Chem stry Departnent by a professor fromthe University
of Virginia. And, this fellow has been | ooking at the
way your inmune system worKks.

And, it turns out that when you have
self/non-self recognition in the immune system one
thing that happens is the cells, the inmune cells, in
your body are presenting a spectrum of all the
different proteins in any individual in the room They
chew it up in little bits and present them exposed on
the cell surface.

Then, it turns out that using the human
genone project data basis, he's been able to go in and
sequence these little bits of protein, determne their
structure and search the data bases. And, so he can
very rapidly identify what all the genes are that are

responsi ble for these different proteins.

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

And, each of those proteins is a potential
vacci ne. For instance, in one case, he showed -- this
fellow s nane was Professor Don Hunt, the University of
Vi rginia.

He showed that in nelanoma cells, you have
an increased expression of a particular protein. That
protein is then displayed on i mune cells.

And, he thinks that there is a possibility
we nay be able to develop a vaccine against that type
of cancer by pre-imunizing the body against those
particular antigenic determnants. So, these things
are al ready happeni ng.

Right now, the data bases of the genone
project is producing are getting ahead of the order 10
or 20,000 tinmes a day. And, the doubling rate of those
hits, those queries, over the Internet into those data
bases is sonething of the order of a couple of nonths.

So, it's all taking off. And, we are, in
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fact, in the mddle of a huge information explosion
A parallel explosion in the area of conmputing is now
occurring in the area of biol ogy.

It's worthy of note that nost people,
I ncluding nyself, when you think of genetic disease
you don't tend to think of it in a very personal way.
You go, "Well, a genetic disease, that's sonething that
sonething else has. It's not sonething | have."

But, in fact, genetic disease is sonething
we all have, | hate to tell you. Here's a list of sone
comon genetic diseases -- hypertension, diabetes,
arthritis, allergies, heart disease, depression.

Cenetic di sease S real ly genetic
variation. And, the fact of the matter is that our
genones and all of the genes in them are very dynamc.

They are changing and nutating all the
tinme. And, naturally, lots of inportant genes wth

| nportant functions in your body change.
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Changes can be good, bad or indifferent.
In many cases, they cause problens. And, that's a type
of genetic disease.

So, this is sonething that doesn't just
influence a few people in society. It really
I nfl uences everybody in society.

So, as exciting as all that is, that's
really just the beginning. It's really Stage One,
because what we are doing in Stage One of the genone
project is we are determining the sequence of the
genes.

Sonme people call it the blueprint of life.
That's fine, but if you look historically and if you
| ook at how people get information about what genes do,
it turns out the information of what genes do cones
from changes in the genes, from variations in the
genes.

For instance, Mendle and his fanous | aws of
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genetics, where he |ooked to determne these |aws of

genetics was he | ooked at changes in peas. |If he just
| ooked at a pea, "Well, it's a pea, okay. It's a nice
pea. |It's green and so on." You know, it's a pea.

But, if you look at changes in peas, then

you can determne the functions and correlate the
positions of the genes to their function.

So, the next genone project that is already
sort of starting, just kind of barreling around the
corner and we can just glinpse it now in its broad
outlines, has to do wth |ooking at genetic variation
And, the technology that we are developing to do the
first pass at the genone project, this nassive
sequencing capability and massive information handling
capability, that technology is well positioned to be
brought to bear on individual analysis.

So, rather than |ooking at one prototype

human and getting one human DNA sequence, we are
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positioning ourselves well to be able to sequence
everybody in the room or at |east sequence the
| nportant genes in everybody in the room And, that,
t hen, opens a window for a whole new paradigm if you
will, for how to do nedical treatnent.

Because now you can |ook at the genetic
variations in people and you can nake causal
rel ati onshi ps between search and genetic variations and
propensities for search and types of disease. And,
that allows you to custom ze and tailor your treatnent
for individuals.

| already sort of nmade this point, but |et
me just nention it. There's really -- we've all heard
of exponential growth. Exponential growth neans things
are exciting and slightly out of control.

This is double exponential growh, because
we have two very exciting technol ogies that are grow ng

in | eaps and bounds -- on the one hand, our ability to
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handl e i nformati on, conputer age and all that. W are
still going like that in the conputer age. On the
other hand, in biology, we are just beginning up a
curve where the rate at which we are able to accunul ate
I nformation, inportant information, is growing in |eaps
and bounds.

And, the two are very synergistic because,
for instance, say right now | gave you the hunan genone
proj ect, gave everybody a CD of the human genone. You
woul d not be able to do anything with it, because the
tools for handling that nassive anount of information
are still being built.

So, the coupling is very strong between our
ability to handle information, the whole conputer
software explosion, and our ability to generate
bi ol ogi cal information and use it with these tools.

It's interesting, when you look at the

human genone project budgets anong the conmttees for
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both the NIH and the DCE genone prograns, if you | ook
at those budgets, sonething like 30 or 40 percent of
the noney that's being spent is being spent on
I nframati cs. Inframatics is building the tools for
handl i ng the information.

For a biology project, a nassive biology
project, that's kind of amazing. But, that reflects
the reality that this is not just a biology project;
it's an information project. And, in order to handle
I nformation, you have to devel op these kinds of tools.

So, | would like to finish up, keeping in
ny 10 mnute limt, wth sone exanples of how you can
do this sort of targeted diagnosis and treatnent and
how that changes the way in which we can approach
medi ci ne. And, these are all exanples that basically
didn't exist three or four years ago but are begi nning
to exist now, coupled, sort of, to the explosion of

I nformati on com ng out of the human genone project.
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So, let nme just go through a couple of
these. HLA typing. Three or four years ago, | heard a
talk by a woman naned Leanne Baxter Lowe, who is now in
Sout h Carol i na.

And, one of the things she did is she ran a
| arge DNA diagnostic typing facility. And, in
particular, they ran the bone marrow transplantation
programfor the United States.

So, they would get all kinds of donors and
reci pients for bone marrow transplantation. And, they
woul d determ ne their genot ype to determ ne
conmpatibility.

So, one thing | learned from her talk, when
she gave it, is that there is a problemin this area,
because the way people determne conpatibility between
tissues classically has been by serology, which neans
you use anti bodi es. Anti bodi es have many wonder f ul

features and they are the subject of a multi-billion
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dollar industry of antibody-based tests, but they also
have probl ens.

It turns out that antibodies do not see the
same spectrum of shapes and targets in the inmune
system as your T-cells see. So, the two arns of the
| mmune system are the antibody armand the cytotoxic T-
cell arm

The latter is the one that is inpaired when
you get Al DS. And, so we know quite well now how
I mportant it is to health.

So, what she found out and showed in this
talk was that if you |l ook at two people that are typed
as being identical by antibodies, one of those people
wi |l cause imune rejection and the other person won't.
And, if you say, "How can this be? They both typed the

sanme,"” if you go and you |l ook at the genes that encode
those proteins, it turns out that there were sequence

differences in the genes that cause sonething that can
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be recognized by vyour inmmune system but not by
anti bodi es.

This is very inportant from a nedi cal point
of view This is a slide she was kind enough to send
nme yesterday, because | renenbered this still after
four years, of a person with graft versus host disease.

So, this is a person now who had | eukem a

and they had total body irradiation, because they were

going to die from the |eukem a. It wiped out their
whol e I mmune system Ckay. It also w pes out the
cancer.

Normal |y, this person now has no inmune
systemand wll die. But, if you put bone marrow that
Is tissue matched back into this person, then you can
repopul ate their inmmune systemand they will survive.

Unfortunately, sone percentage of the tine,
because of this issue |I just told you, those grafts are

rej ected. And, you get sonething called graft versus
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host di sease.

The new i mune system that you put into the
person recognizes the body it was put into as being
foreign and sets about to destroy it. |It's not a very
pretty thing.

This s Phase One graft versus host
di sease. This is Phase Two. That's an arm And, this
Is followed by death. It's not a pretty way to go.

This is the kind of thing that is going to
go away because of this information technology and the
sequence technology. W have the ability to now go in
at the very finest possible level, determne the exact
nol ecul ar difference between these people and get rid
of these incorrect transplantations.

A couple of other exanples: Hepatitis C
virus. This is very new. Ckay.

There is a whole field energing now of DNA

di agnostics based on the fact that we have these tools
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for anal yzi ng sequences and genes so powerfully and so
rapidly. Just three or four years ago, Kyron
di scovered the Hepatitis C virus, which previously had
been known as Non-A/Non-B Hepatitis. Now, there is
nore, sort of, a careful nane.

It turns out this is quite prevalent and
responsible for sonething like 40 percent of the
Hepatitis cases worldwde. 1It's not a good di sease.

And, it turns out that in order to treat
this properly, you need to know what genotype of
Hepatitis C virus you have. Sonme of them respond to
interferon treatnent and it goes away. And, sone of
them don't.

Interferon treatnent 1is very expensive.
So, if you can go in and you can |look at a person with
Hepatitis C and you can analyze the virus that they are
I nfected by, then you can say, "Ah, this is genotype

11.4. That doesn't respond to interferon,” and you off
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doi ng sonet hi ng el se.

And, then, "Ch, this is genotype 14. That
does respond to interferon. So, here's your
interferon.”

It's a nassive savings obviously of noney,
because you are able to target the treatnent to the
particul ar disease. And, you are able because of this
I ncreased amount of information we have to very
specifically tie the treatnent to the diagnosis at a
much finer |level than ever possible before.

If you think about it in nore general
terms, in the past and up to now, we have treated
medi cine froma statistical point of view Al we have
as information to go on is the statistics.

If you give themthis treatnent, 60 percent
of the people respond and 40 percent of them don't.
That's changi ng now, because we can go into that 60

percent popul ation or 40 percent popul ation and you can
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di ssect out a lot of substructure and you can devel op
and target treatnents particularly for those sub-
popul ati ons.

Ckay. A couple of other exanples | wll
nmention. HV is a very simlar story, so | wll spare
you t he | ong-w nded version.

Mul tiple drug resistance TB. It turns out
If you can screen a person and find out if they have
multiple drug resistance TB or single drug resistance
TB, the cost of treatnent goes from $180K to $10K.  |If
you don't do that, then you basically end up spending
$180K on everybody. That's a |ot of noney.

Breast cancer. Also, these are two cancer
exanpl es. Mutations in the gene called p53, it turns
out correlate wth the severity and type of cancer.

So, depending on exactly what type of
mutation you have in this particular cancer-related

gene will indicate whether or not you should have a
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partial, full or radical nastectony. So, again, you
have a diagnostic that's very fine, that goes right
into the nolecular detail of the situation; and, then
you have a therapeutic treatnent that matches that.

So, you get better treatnent and you get
much nore cost effective treatnent.

And, finally, retinoblastona. It turns
out, in this case, it's a recessive gene that causes
cancer of the eye.

If you have a famly nenber who has a
sibling that is affected by retinoblastom, then what
had been done until very recently is you have to go
into those individuals -- and small children, zero to
six nmonths, three tinmes in those first six nonths of
their life you give them an exam called targeted
exam nati on under anesthesi a. So, you have to give
this little baby general anesthesia and do this very

expensive retinal scan to | ook for any cancers.
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And, then you have to pop the eye out if it
turns out that there is a cancer or else do |aser
ablation of the tunor in the eye. Even though that
sounds like a traumatic thing to do, it does save the
children's lives and, in many cases, saves their sight.

However, only half of the siblings, it
turns out, or |less have the gene. So, if you knew
which siblings had the gene and which didn't, you
woul dn't have to give themthat treatnent at all.

So, now there is a conpany up in Toronto
called Visible CGenetics, which has nmade a ni ce business
out of this. They take the RB-1 patients, they
sequence the retinoblastoma gene in the affected
I ndi vidual and they find out what nutation it is.

And, then based on that nutation, they go
in and they look exactly for that nutation in all of
the affected siblings. |It's either there or not.

Ri ght away, a |lot of the people drop away.
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They have no problem They are not carrying the bad
gene. They don't have to worry. And, the other ones
get the full blown treatnent.

So, again, it allows you to focus vyour
treatnment on the people that need it. And, it saves
you a |l ot of noney and a | ot of personal stress.

So, t hanks for your attention. Ch,

actually, there's one other thing I want to say.

| don't have a slide on it. See, | operate
by slides, so if | don't have a slide | always forget
ny point.

But, it's a good point. Il think we are

very lucky in the United States right now W are at
the forefront of the world in this area of
bi ot echnol ogy and nedi ci ne.

And, the reason is that we have this
exquisite partnership which is in place and very

healthy and very vibrant between the governnent,
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i ndustry and the university system And, basically
what is happening is the taxpayers fund the governnent,
the governnment is giving noney to fund basic research
at universities.

Basic research at universities is then,
t hrough various neans, various technology transfer
avenues, getting shuttled over into industry for
devel opnent into products. And, then the benefits of
those products and the devel opnent by industry funnel
right back to the people who paid the taxes in the form
of increased economc activity, nore jobs and better
medi cal treatnent.

So, the challenge, | guess, that you fol ks
have froma point of view of policy is in continuing to
nurture the extrenely beautiful system that we have in
pl ace today in the United States. So, good | uck.

MR PECK: Thank you. | just want to point

out that just a year ago when we heard from the hunman

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

genone project about these exciting devel opnents that
wer e com ng, particularly as di aghosti cs and
t herapeutics nerge, that now we see how fast it's
comng and how exciting that is in many specific areas.

And, | would like to introduce Dr. Leslie
Benet, who will continue this thenme about how we are
| earning nore about the variation and how i nportant
that know edge can be in terns of inproving the
targeting therapeutic. Les.

DR BENET: Thank you, Jonathan. Thank you
all for attending.

| figure | know about a quarter of the
people in the room And, so | didn't need to bring all
ny friends here. A lot of other people showed up, too.

In your packets is a little handout that |
have that you may want to |ook at. The majority of
this handout is actually a handout | presented to the

medi cal students about a week and a half ago when |
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told them the wonderful things that were going to
happen in the world related to enzynmes and our
under st andi ng of the human genone project.

And, so if nedical students could learn it,

you guys can learn it, too. So, | figure there is no
probl em

My first part of the -- ny Page 1 of the
handout doesn't correlate to a slide. But, | thought

it would be worthwhile to nention that really the first
time this topic was put together in an organized
synposi um was a synposi um sponsored at the Institute of
Medicine in January of 1993. | co-chaired that
synposium with Dr. Christy Carrico, who is in the
audi ence, who at t hat timte was the head of
Phar macol ogi cal Sciences at the NIH and is now the
Scientific Director of the Anmerican Association of
Phar maceuti cal Sciences.

Wat we realized was at this workshop that
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we had the potential within the next seven years --
that was 1993 or now five years -- to nmake sone nmjor
changes on the basis of the explosive nature of the
human genone project and our understandi ng of nol ecul ar
and cellular biology that we would be able to be in a
position that we could change the way we do drug
devel opnent and we could change the way we treat
pati ents once we understood sone of the concepts that
Ll oyd told you previously related to disease, but from
our  perspective, nore inportantly, what are the
di fferences in humans that we can understand before the
patient either gets the disease or we give them the
drug that we can realistically then say, "This is how
we shoul d approach that drug or that disease."”

(Slide.)

DR, BENET: Now, what we have understood
begi nni ng about 1993 and not nuch before that, is that

we can characterize the drug netabolizing enzynes into
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sone inportant famlies and that those famlies, once
we understood the amno acid sequence of those
famlies, we could start to understand why ones were
different and why they weren't. Now, the aspects of
this are that these enzynes are in aninmals and they are
I n humans, but they are going to be different between
ani mal s and humans.

And, we can begin to understand now why an
animal mght predict or mght not predict the efficacy
or toxicity of a drug when we give it to humans. e

have a standard way now that we do toxicity testing at

t he FDA.

W take two ani nal species, one rodent and
one non-rodent, and we treat themwth drugs -- single
dose, acute, nultiple dose. W do a whole bunch of

studies on a set protocol wth actually no theoretical
basis of what that information is going to provide to

us.
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But, the difference in the animals is going
to be as a function of the difference of these enzynes.
Now, once we understand that difference, we then see
sone very inportant characteristics.

The differences between individuals can be
a function of genetic basis. It could be a function of
a devel opnental basis -- the fetus, the neonate, the
el derly. The enzynmes change in your devel opnent.

They can be a function of what tissues
those enzynmes are in -- the heart, the liver, the
ki dney, the gut, the brain. We can begin to predict
which two drugs are going to be interact so we are
going to see an inhibition, which two drugs are going
to interact so we can see an induction or an
activation.

But, the nost exciting part of it is the
realization that probably inter-individual variability

in the way people handle drugs is directly a function

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

of these enzynes. And, if we can understand the
enzynes and actually be able to characterize them we
are going to be able to predict before we give the drug
to sonebody how they are going to react to that drug,
not only I nter-individual but I ntra-individua
variability.

What happens to you in the norning or after
you run two mles or in the afternoon or in a neal?
What happens to your enzynes? And, are there
characteristics that then let the drugs be differently
handl ed, and not only the drugs but the disease
t hensel ves?

Now, the next slide, you don't have and you
don't need to have. This is a listing of the human
p450s. p450s are the enzynmes we know the nost about,
the cytochrones p450. They were just one of the
famlies on ny previous slide.

There is close to 300 of them I n hunmans,
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there's only about 35.

Wen we cane to the neeting in 1993, we
knew that there were 35 enzynes. Wen we left the
nmeeting in 1993, in January, we realized with bringing
the people together who were at that neeting a
startling fact that's on the next slide.

W realized that there is just one enzyne
i n humans that characterizes nore than 50 percent of
all drugs that humans take -- cytochrone p4503A4. That
was a very surprising finding to us, the scientists in
the neeting at that tine.

And, so if we begin to understand this
enzyne, we are going to know a |ot about how people
differ in drugs.

A second enzyne, cytochrone p4502D6 did
anot her 25 percent. So, close to two-thirds to three-
gquarters of all drugs in humans, the way humans handl e

them are governed by just two enzynes.
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Now, that says it nmay be a lot sinpler than
we thought it was going to be. And, at least, it gives
us a clue of how to | ook at these individual enzynes.

Now, these enzynes -- this is not on a
slide, but you have it in a handout -- they are going
to be function of age. They are going to be a function
of gender.

They are going to be a function of genetics
-- race, ethnicity. They are going to be a function of
the environnment that you live in, your bad habits --
snoki ng, al cohol, drugs of abuse.

And, | nportantly, di sease also changes
t hese enzynes. So, the way you handle a drug can be
affected by the disease; and, therefore, the drug you
are taking doesn't work because the disease, in fact,
has changed the way your body handles that particular
drug.

Now, on the next slide, these are the two
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nost common genetic variabilities we've been able to
di scover. Cytochronme p4502D6 was the enzyne second
nost inportant in humans. Twenty-five percent of human
drugs are handl ed by that enzyne.

We now know that in caucasians, as well as
I n blacks, 7 percent of the population don't have that
enzyne. One in 14 of you in this room don't have that
enzynme if | exclude the Asians, because in Asians only
1 in 100 don't have that enzyne.

So, if I"'mgoing to give you a drug that is
to be elimnated in the body by that enzyne, and |I'm
going to get it into a general population, |I've got to
worry that 1 out of 14 people isn't going to be able to
get rid of that drug. Many of our nost conmon drugs
are netabolized by that enzyne.

And, if that's going to be true, then
that's going to have to be a drug that has a very w de

t herapeutic nmargin. | can't risk the difference
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between 1 out of 14 of you in the room getting huge
| evel s of this drug, because you can't netabolize it,
versus everybody else. So, those are going to have to
be very safe drugs.

And, you wll see in a slide in a mnute
that there are lots of drugs obviously in this
cat egory. But, when we understand that enzyne and we
are able to characterize it in a population, we know
before you take the drug how it's going to be in your
body and how we need to dose it.

The other enzyne that we know sonething
about its genetic characteristics s cytochrone
p4502C19, nmuch smaller characterized drugs, very few
drugs by this classification. But, notice that the

pol ynor phi sm rever ses.

Here, 1 in -- 20 percent, 1 in 5 Asians
don't have this enzyne. And, only 4 percent of
caucasi ans don't have this enzyne. So, if you are
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taki ng those drugs, then a certain popul ation needs to
be much nore careful than another.

Now, let's look on the next slide at the
2D6 substrates. There's lots of drugs on here that

you' ve taken.

If you look at this list -- and when |
first made this slide, | didn't see it until | nade
this slide. This enzyne only affects two types of
drugs -- drugs that work on the brain and drugs that

work on the heart.

So, if you are taking -- what is Lily's
conpound that everybody is taking --

ATTENDEE: Prozac.

DR, BENET: Prozac. So, if you are taking
Prozac --

(Laughter.)

DR, BENET: See, | don't take it, so |

don't know.
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(Laughter.)
DR, BENET: If you are taking Prozac, it's
right in here, okay. And, it has got to be a very safe

drug, because 1 out of 14 of you can't get rid of that

drug and you are getting very high |evels. It is a
very safe drug. All of those SSRIs are very safe
dr ugs.

Now, if you wanted to know, "Am | sonebody
that doesn't have this enzyne," there's a little test
you can know right now. | f you have taken codeine --
it's right down here.

If you have taken codeine and it works,
you've got this enzyne, because the only way codeine
works is to knock off a nethyl group and change it into
nor phine. That's how it works.

So, if you' ve taken codeine and it works,
you' ve got the enzyne. If you have taken codei ne and

It has no effect, you probably don't have that enzyne.
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So, it's sort of a little test that you will know from
your own experience whether you' ve got the enzynme or
not .

But , there is sonething else really
exciting, from ny perspective, about this list. W' ve
got lots of organs in the body and [ ots of drugs.

This enzyne only works on drugs that affect the brain
or the heart.

Now, why? No antibiotics, nothing that
affects diuretics, the kidney, nothing that affects
di abet es.

It says to ne that not only am
di scoveri ng sonet hi ng about t he enzynes, " m
di scoveri ng sonet hi ng about how the body has put itself
together to protect itself. So, what | probably am
going to do if I'mdevising human kind is I'mgoing to
say, "lI'mgoing to have a whol e bunch of receptors that

will respond to a certain kind of chemcal, but | had
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better have sonething that gets rid of t hose
chem cal s. "

So, there is probably sonmething in the
three dinmensional structure of the receptor for the
activity that correlates wth the receptor for
metabolism And, these two things go together.

So, it says not only are the enzynes
predictive of how you are going to handle the drug,
phar macoki netics, but they also can be predictive of
how you are going to respond to the drug,
phar macodynam cs. And, so we start to see sone
predi ction.

If a drug conpany now nmakes a chem cal and
tests it in an enzyne system and sees it's a substrate
for 2D6, they know before they have run any studies
that this is going to work either on the heart or the
brai n, because that's the only place these things work.

There has al so been thoughts over the year,
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"Well, can't we nake conpounds that aren't netabolized?
Wul dn't that be nuch easier? Then, we don't need to
worry about these genetic differences. W don't need
to worry about differences between people.”

This slide says, "That's not going to work,
because only drugs that are netabolized, because they
look simlar to this receptor, are going to show
activity." So, in fact, you' ve got to have netabolism
because it's fitting the sane little receptor site in
the body that is both netabolizing and being active.

Now, let ne show you, on the next slide,
this. Again, you don't have a picture.

And, this is what I am particularly
interested in and what ny conpany was founded on.
CGeneral ly, when we give drugs orally, some drugs, lots
of drugs, have bioavailability problens. W can't get
very high bl ood | evels.

W have thought -- and Dr. Borchardt wll
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go into this -- that nost of these problens were
physi cochem cal, couldn't get across the nenbrane,
couldn't get into solution. They were too insoluble.

But, it now appears that there is a
bi ochem cal basis for drug absorption and that we could
be having netabolismin this gut wall. And, in fact,
there's sonething else in that gut wall, there's
sonet hing that you may have known if you know sornet hi ng
about cancer, multiple drug resistance.

In cancer, multiple drug resistance, you
give a cancer drug. Patients are responding quite
wel | . All of a sudden, they stop respondi ng because
t he cancer cells have devel oped a protective nmechani sm

They have nmade a protein called P-Ayco
protein that punps the cancer drug out of the cell so
It can't work. It's a protective nechanism of the
neopl asm

But, that P-@yco protein is lots of places
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In the body besides just in cancer cells. In fact, we
believe today that that is what the blood brain barrier
Is, that it's a punp that takes conpounds that cone
into the brain and punp them back out. And, if you
can't overcone that punp, then you can't get drugs into
t he brain.

But, it's also in the gut. And, what it
does in the gut is it takes conpound that is absorbed
and push it back out again. It's a counter-transport
process.

Now, nolecular biology in the human genone
project now lets us realize that the enzyne that is
predom nant enzynes, cytochrone p4503A and P-dyco
protein, are both on chronobsone Nunmber 7 and they are
right next to each other. So, we mght expect to see
co-regul ation of those two things in cancer and in a
nunber of disease states.

And, | Dbelieve it's what is happening in
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the gut. It's a protective nechanism

Drugs that conme in can be netabolized or it
can be punped back out, both things to prevent all the
terrible stuff you try to put in your body fromgetting
into the bl oodstreans. But, sone of these are drugs.

If we could overcone this characteristic,
If we could inhibit these punps and these enzynes, then
we should be able to get high levels of the drug. The
next slide is an exanple from our l|ab of clinical
studies wth the nost predom nant inmunosuppressive,

cycl osporine, that has a very |ow bioavailability, 22

percent .

Unti | recently, we t hought t hat
cycl osporine's problem was, in fact, it couldn't get
absorbed and it was very poorly water sol uble. But ,

we've run a study in humans showng that if we inhibit
the enzynes, we can get the bioavailability up to 56

per cent .
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It's not a physicochem cal characteristic.
It's a biochem cal characteristic that we actually can
do sonet hi ng about.

Now, in the wite-up in ny bio, it said |
do work in wonen's health. And, that's true. And,
it's based on a study that | did in the md-1980s
| ooki ng at how prednisone, an i nmunosuppressive drug
but also a drug for inflammations, was handled in
wonen, both young wonen, oral contraceptive users,
post - nenopausal wonen and conj ugated estrogen users.

Wat we showed was that there were
di fferences in how wonen handled this drug. And, the
differences all relate, we now realize, to differences
in that primary enzynme, cytochrone p4503A, between
post - menopausal wonen, pre-nmenopausal wormen, wonmen on
oral contraceptives, et cetera.

Now, as a result of that study, when the

big wonen's health initiative becane inportant, they
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were | ooking for sonebody who had done netabolism in
wonen's health. So, they |ooked through the papers and
they said, "Ah, here is a wonan, Leslie Benet, who has
done sone work on this so we will invite her."

(Laughter.)

DR, BENET: So, | got invited to all the
wonen's health synposiuns over the last three or four
years. They would call nme up and ask ne if | would
participate. And, | would say, "Sure, | wll." (Hgh
pi tched voice.)

(Laughter.)

DR. BENET: So, | have been continuing
that. And, | want to show you sonething, in closing,
that | think is very characteristic and diagnostic of

what we are going to be able to do in the future but
what we didn't do just six nonths ago or nine nonths
ago.
This is tirilazad. This is Upjohn
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Pharmacy, a conpound. It used to be an Upjohn
conpound.

It is for subarachnoid henorrhage. It's a
very effective drug.

W do not have any drugs for subarachnoid
henor r hage. Subarachnoi d henorrhage does sonme very
serious damage to the brain.

And, what you can see in this drug, when
you look at young wonen, this is a neasure of
cl earance, the body's ability to elimnate this drug.
Young wonen clear it twce as fast as young nen and
also twice as fast as old wonen, which don't differ.

When Upjohn ran the studies on this drug to
see how it worked, when they ran the studies in Europe
the drug was a very effective drug. It worked to save
people's lives.

It worked very well in nmen. It didn't work

that well in wonen.
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Wen they cane and brought the drug to the
United States, North Anerica, and they ran the studies,
It worked marginally in nen and really couldn't see any
difference in wonen. Now, think about who gets
subar achnoi d henorr hage.

The maj or cause of subarachnoid henorrhage
Is notorcycle riding. So, how nmany post-nenopausal
wonen have you seen on a notorcycle?

So, it's going to be a young woman. And,
she is going to netabolize this drug by cytochrone
p4503A4, which she has | ots of.

And, so you could see why you mght see a
difference between nen and wonen on how they handle
this drug. But, why did it work in Europe and not --
work better in Europe and in the United States it
didn't work?

Vel |, when you have sonebody wth a

subarachnoid henorrhage, what you are first worried
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about is they are going to have convul sions. So, you
give theman anti-epileptic.

The anti-epileptic of choice in Europe is
phenobar bi t al . The anti-epileptic of choice in the
United States is phenytoin.

What's the difference between those in this
enzyne? Phenytoin is a very, very strong inducer of
cytochrome p4503A4. Phenobarb is an inducer but
nowher e near.

So, the failure of this drug -- and now
going back and restudying -- is predictable, a
difference in wonen and nen, a difference in any drug
I nteraction that happens in therapy, once you
understand what the enzyne is and how the patients
respond to it. So, we are in a bright, new age.

W are in the threshold, by the Year 2000,
in ny view, of being able to nake sone major changes in

how we approach drug developnent and, maybe nore
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I mportantly, in therapeutics of how we actually treat
patients wth this kind of information that's com ng
fromthe very basic science that cones out of the human
genone project and the type of research that goes back
and | ooks at these enzynes.

Thank you.

MR, PECK: Thank you, Leslie. | hope that
when we cone to the Question and Answer period you wl|
begin to think about sonme of the inplications you could
draw fromthis -- do we know all side effects or all
conbi nati ons between drugs and what they nean; or, how
many drugs that got thrown out of Phase 3 testing m ght
actually, with the new knowl edge that Les is talKking
about, show new potential .

But, we will cone to that in the Question
and Answer. Before that, | would like to invite Dr.
Borchardt to cone and tal k.

And, what he has is just a wonderful view
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of the different ages of research and devel opnent,
different eras, and what we are comng to now and sone
of that excitenent that we can see com ng.

DR, BORCHARDT: Thank you very nmuch,
Jonat han. To begin with, | would like to thank
Jonathan for referring to ne as a pure academ ci an.

But, | am wondering whether Lloyd and Les
are now thinking that they are inpure in sone way or
anot her.

(Laughter.)

DR BORCHARDT: And, |I'm sure they wl]l
want to discuss that wth Jonathan after this session.

(Laughter.)

DR.  BORCHARDT: In ny brief comments this
afternoon, | wuld like to focus on exanples of
I nnovative technologies that are facilitating the
selection of chemcal entities for developnent as

potential drugs. My thoughts wll focus specifically
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on the interface between discovery and pre-clinical
devel opnent and the need to make transfer of technol ogy
at this step a seam ess process.

In ny opinion, the pharmaceutical industry
Is really on the verge of an exciting new era that, in
many respects, wll surpass the golden era of the
I ndustry that occurred in the |ate 1940s and the 1950s.
This exciting new era for the industry is being
propelled by innovative technologies that have been
developed in the 1980s and the 1990s in a variety of
scientific disciplines, including conputer sciences,
the biological, chemcal and pharnmaceutical sciences
and i n engi neering.

These innovations include nol ecul ar bi ol ogy
techniques for mapping the human genone and conputer
technology for storing and analyzing the resulting
dat a, as Professor Lloyd Smth just descri bed;

nol ecul ar biology techniques to clone and express
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proteins from specific human genes, simlar to the
di scussion that Professor Benet just gave you on
cytochronme p450s; bioengineering technology to over-
express and purify these gene products; biophysical and
conput ati onal techniques for elucidating the structures
of proteins selected as ‘targets for therapeutic
I ntervention; chem cal technologies for creating what's
referred to as diversity or comentorial library
technologies that facilitate the identification of |ead
chem cal structures; and, finally, conputational and
chem cal techniques that allow for |ead refinenent.
These techniques have led to the discovery

of novel, new chemcal entities that are potential --

and | enphasize "potential" -- drugs to treat nmany
devastating diseases. These technol ogical advances
have substantially increased the capability of

phar maceuti cal scientists to identify appropriate

nol ecul ar targets for drug intervention and to identify
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and develop chemcal entities that have the potenti al
to becone inportant new drugs.

In addi ti on, these technol ogi es have
certainly stinulated new conpanies. Many of them have
becone extrenely successful. And, t hus, t hese
technol ogies have had an economc inpact in this
country.

In the 1980s, these technol ogies propelled
the industry into an era of so-called rational drug
design. And, rational drug design strives to maxim ze
the interaction of a chemcal entity wth the
therapeutic target at a nol ecul ar |evel.

Thi s approach created trenendous excitenent
but initially led to many failures in drug devel opnent.
The classic exanple of this is renin inhibitors, which
were thought by many clinical scientists to have great
potential in the treatnment of hypertension.

However , none of the chem cal entities

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

identified as inhibitors of this protein, through
rational drug desi gn efforts, have becone
t herapeutically useful drugs. They failed as drugs
because they Jlacked the ability to reach the
t herapeutic target.

Specifically, these renin inhibitors were
not able to reach the systemc circulation after ora
adm ni stration, because they could not penetrate or
perneate the intestinal nmucosa or they were too rapidly
cleared by the liver, issues very simlar to what Les
just discussed with you. In other words, in the 1980s,
too much enphasis was placed on designing the nolecul e
to interact with the nolecular target -- in this case,
renin -- and not enough attention had been paid to
pot enti al probl ens  of delivering these chem cal
entities to their site of action.

Could I have the first transparency?

(Slides.)
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DR BORCHARDT: For exanple, if one were
interested in developing an orally active drug that
would work in the brain -- in other words, a drug
perhaps to treat Al zheiner's disease -- the chem cal
entity nust not only have the structural features to
interact with the therapeutic target in the brain but
it also nust have the structural features that wll
allow it to penetrate various biological barriers.
These barriers include, but are not limted to, the
I ntestinal nucosa, as Dr. Benet has just described, the
|iver and the so-called blood brain barrier.

Anot her problem that existed in the 1980s,
which negatively affected the successful clinical
devel opnent of chemcal entities arising from rational
drug design, was the Jlack of conmunication and
cooperation between scientists and discovery and those
I n devel opnent .

As shown on the next transparency, the
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overal |l process of discovery and devel opnent of drugs
has historically been disjointed, requiring various
technology transfer steps from discovery to pre-
clinical devel opnent, to clinical devel opnent,
regul atory review, et cetera. However, | think
conpani es have discovered in the last five years or so

that to be successful in the future, this process needs

to be seanless, as illustrated on the next
transparency, involving good comrmunication between
di scovery scientists, pre-clinical devel opnent

scientists and clinical scientists.

These changes in the process are necessary,
in part, to ensure the chemcal entities arising from
rational drug design have the structural features that
will ensure their chem cal success. However, it is
al so being driven by economc factors that dictate that
drug discovery and devel opnent process becone shorter

and | ess expensi ve.
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In the 1990s, the costs for developing a
new drug entity has been estimated to be about $350
mllion. And, it takes about 12 years to develop a
drug entity.

And, as shown on the next transparency,
this 12 years -- of this 12 years, about 50 percent of
it 1s involved in laboratory and animal studies,
clinical studies, Phase One safety type studies and
then testing efficacy. So, nore than 50 percent of
this tine is consunmed in this cycle of discovery, pre-
clinical devel opnment and clinical devel opnent.

There are two nmmjor problens, though, wth
making this a seam ess process. One problem is that
while the discovery scientists have enbraced the
technol ogi cal innovations nentioned earlier in this
presentation, many scientists involved in devel opnent
have not .

The exception to this is probably in the
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area of drug netabolism along the Ilines of what
Prof essor Benet just discussed with you. Because of
this, the discovery conponent of the industry is, in
many cases, working in the 21st century and sone
conponents of the developnent process are still
functioning in the 20th century.

In these areas of developnent, therefore,
It's necessary to devel op new technol ogies that would
facilitate t he rapid characterization of t he
phar maceutical properties -- and what | nean by that
are the netabolism properties, the safety properties,
t he deliverability properties, t he formul ation
properties -- of drug candidates in a manner simlar to
that which discovery scientists use in optimzing the
I nteraction of the drug with the therapeutic target.

In many cases, the existing technologies
used by scientists in developnent tend to be aninal-

based assays, which are tinme consumng, require |arge
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anounts of a drug candidate and are not suitable for
hi gh throughput screening, simlar to what you see in
areas of discovery. In contrast, assays at a
cellular/nolecular level, which are commonly used by
di scovery scientists, tend to be nore rapid, require
small amounts of conpound and are nore suitable for
aut onmati on.

Using data generated from these types of
cel I ul ar/ nol ecul ar based assays and a so-called
iterative process, scientists In pre-clinical
devel opnent, working in <close «collaboration wth
di scovery scientists, could optimze the pharnaceuti cal
properties of a drug nolecule just the way they
optimze the interaction of that nolecule with its
target receptor. Exanples of this type of technol ogy
were developed in our lab in the late 1980s.

And, these are basically cell culture

systens that mmc the various biological barriers that
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| showed you earlier in the presentation. As shown on
t he next transparency, |'ve given you an exanple of the
I ntestinal nucosa, which Dr. Benet also discussed.
And, this is a physical as well as a biological
barrier, as Les suggested to you.

But, if you look at it, it consists
basically of a single layer of <cells, so-called
epithelial cells, which present both a physical and a
bi ol ogical barrier to drug delivery. Normal |y, the
ability of drug candidates to penetrate this barrier is
studied in aninmals such as rats and dogs and nonkeys.

However, as shown on the next slide or next
transparency, what we devel oped was technology to take
these cells and to wuse cell and tissue «culture
techniques and to get them to grow out on to mcro-
porous nenbranes. So, instead of doing aninmal
experinments, it's possible to grow these cells out on

to a mcro-porous nenbrane and then, as shown on the
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next slide, one can use these to study the transport of
drug nolecules sinply by placing a drug nolecule on
this side of the cell nonol ayer, neasuring its
appearance on this side and using standard anal ytical
nmet hodol ogi es.

And, one can elucidate the physical
chem cal structural features of nolecules that would
enhance perneability as well as the biochem cal types
of studies that were discussed by Les.

This  technol ogy now has been quite
ext ensi vel y i nt egrat ed i nto t he phar maceuti ca
I ndustry. And, it allows pharnmaceutical scientists to
screen large nunbers of conpounds in early stages of
di scovery and devel opnent. And, this allows them to
make nore intelligent choices about drug candidates to
eventual ly take into animals and into human studi es.

May | have the next transparency? Wth

this type of cell culture technique, or these cel
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culture techniques, when they are conbined with the
nmet hodol ogy called commentorial |ibrary technology,
this wll allow pharmaceutical scientists to further
refine the structural features of nolecules so as to
I nprove the |ikelihood that they will be successful in
the clinical arena.

So, for exanple, if we look at what
happened in the industry in the 1980s, typically a
conpany woul d synthesize anywhere from 5,000 to 8, 000
conpounds in order to get a single drug. In the
process, they would do pre-clinical assessnent on maybe
10, take 5 into clinical devel opnent and end up with a
si ngl e drug.

Were we are today, depending on what
conpany you are in, sonme wll still screen 5,000.
Those who have integrated commentori al l'i brary
technology into their discovery process are screening

maybe 5 mllion conpounds. Using cell culture
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t echni ques, using cloned enzynes, they are now
screening a lot |arger nunber of conpounds for pre-
clinical assessnent, 50 to 100, and perhaps their hit
rate will be a little bit higher in terns of actual
successful drugs.

In the Year 2000, if the comentoria
i brary technol ogy continues to develop the way it has
the last three or four years, and if that is conbined
with the cellular and nol ecul ar assays in pre-clinical
devel opnent, we are going to find a situation where
i nstead of screening 10 conpounds for pre-clinical
assessnent, we are going to be | ooking at thousands of
conpounds which, in ny opinion, is going to lead to
drugs that have a much higher probability of success
than the old fashioned nethod of doing drug
devel opnent .

Finally, I would like to coment on what |

percei ve as another problemw th this whole integration
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of discovery and developnent. And, this is nore of an
educational process, and that's probably why Jonathan
referred to ne as "pure."

This, in nmy opinion, is going to require
t hat scientists increase the breadth of their
scientific knowl edge in order to function in this new
wor | d. This integration necessitates that discovery
scientists, |like nedicinal chemsts, be able to
understand and appreciate the role of devel opnent
scientists, |ike people in netabolismor fornulation or
drug delivery, and vice-versa.

In the past, these activities in the
I ndustry have been quite separate and little, or no,
communi cati on was needed. However, for this integrated
di scovery and devel opnent process to be successful,
universities have the responsibility of training
scientists with both depth in their area of expertise

and appropriate breadth in related disciplines.
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This will require innovative changes in the
educational process of pharnmaceutical scientists in
order to prepare themfor the 21st century.

In conclusion, | would like to say that |
feel that the industry has entered a new golden era
which is being driven by novel technologies to identify

new nol ecul ar targets and potential drugs to interact

with these targets. However, the full potential of
this innovative discovery technology wll only be
achieved if simlar innovation is nmde in the

devel opnent side of the process.

And, finally, in ny opinion, the United
States leads the world in terns of its ability to
di scover and devel op new  nedi ci nes. These
capabilities, if properly fostered, wll have enornous
effects in terns of enploynent opportunities for
graduates of our institutions of higher education as

well as trenendous benefits to society in terns of
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heal th care.

Thank you.

MR, PECK: Thank vyou. Clearly, one
inmplication is that the 21st century is comng very
qui ckly and perhaps nore quickly in sone areas than
ot hers.

Let me ask now if we could turn to the
Question and Answer. | invite you to think through
sone of these inplications and have the speakers guide
us.

Qur ground rules here are if you would
Identify yourself, please; and, that for those of the
press, our panel is on the record. Those of you in the
audi ence who m ght have comments will be off the record
unl ess you, fromthe press, secure their perm ssion.

Yes, sir.

MR,  REED: Ri chard Reed, Congressman Steve

St ocknman.
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As we go from the 80s up through the 90s,
screens -- pre-chemcal screens and the possibility
there increased by a thousand fold. And, yet when we
get down to the bottom drugs, it's only three.

Is that a need for rate reform or is that
just marketing premse or what is that?

DR. BORCHARDT: Those nunbers are extrenely

soft. They cone right from here. | have a very soft
brai n.

| guess what | was trying to convey wth
those nunbers is perhaps nore the idea that | think

there will be fewer failures in the clinical arena as a
result of the better pre-clinical eval uation of
conpounds. So, what | was really trying to inply
there, | think there's going to be fewer false starts
in the future.

| think a lot of -- you know, a lot of the

I ndustry has been that we take it up into early stages
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of clinical developnent and you get to an efficacy
state and then it falls out for one reason or another.
And, | guess what |I'm trying to inply by this is |
think we are going to be better at designing nol ecul es
t hat have a higher probability of success.

That's really what | neant. And, maybe
there's a better way of presenting that than the way |
di d.

MR PECK: As a followup, though, isn't it
true that there is an assunption that there 1is
relatively little change in the clinical trials and the
econom cs of that, because that's very expensive and
woul d nean that a | arger nunmber of candidates may still
be limted by the expense of that?

s that --

DR BORCHARDT: Ri ght. And, you can see
fromthat one chart that | gave you that nore than 50

percent, nore, nore like 60 or 70 percent of the tine,
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at least, is spent actually in the clinical trial
ar ena.

And, | don't know -- Les, you nmay know what
the nunbers are in terns of the cost, total cost, the
percentage of the total cost for the clinical trials.
It's very significant.

DR BENET: About 60 percent.

DR, BORCHARDT: Right.

MR PECK: So, the inmplication is that we
can draw the cost in tinme in pre-clinical from this
wor K.

DR,  BORCHARDT: And, also you may drive
down the cost and the tine it takes sinply because you
are introducing better drug entities into the clinical
arena, drug entities that have a higher probability of
success. That's what | was trying to inply wth that
particul ar chart.

MR PECK Thank you. O her questions?
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The young | ady here.

V. Bl LAL: Daai yah Bil al with the
Associ ation for Wnen in Science.

| have a question for Dr. Smth. Dr. Benet
mentioned the |ikelihood of the predictability of drug

I nt eraction.

Do you think that it's at all likely that
we will be able to predict any genetic variation in
pat hways?

DR SMTH. Yeah. | think that's certainly

likely. That's sonmething that is happeni ng.

Il wll answer with sonething | know about,
which may be tangentially related to your question.
One thing that |1've seen real clearly in the community
right now is that the first pass of people |ooking at
genetic diseases was to go after single gene diseases,
where the genetics were fairly clean and, although

difficult, it presented a fairly clean target.
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And, now nost of the people that are
playing this gane are all talking about, and working
on, going after polygenic diseases |ike hypertension,
for instance, where there's many contributing factors
and a whole picture of what contributes to what is a
| ot nurkier. And, | think that the problem that you
nmentioned falls into that category of where you are
going to have many contributing factors.

And, as these tools get better and better
and as we have nore and nore information to work wth,
that sort of thing becones possible. Wer eas, today
it's very, very difficult.

MR PECK: Yes.

ATTENDEE: This question is for Les Benet.
Wth reference to your cytochrone p450, you gave us
exanpl es. So, you are telling us that this enzynme is
| ocalized in the brain and the heart?

DR, BENET: No, no, no. | wasn't saying
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that the enzyme was localized in the brain or the

heart.

The enzyne is in a nunber of different
pl aces. But, | was just saying that those drugs that
work on those sites, those specific sites -- it's

really saying that the receptors in the brain and the
heart are probably very simlar to the receptors in the
liver that netabolize this drug, because that's where
it's primarily getting netabolized.

So, the liver is there to protect us from
it and to prevent the drug fromgetting to those other
sites.

MR PECK Isn'"t there an inplication,
then, that there could be information from that usefu
for feeding the discovery process?

DR, BENET: Oh, yeah, exactly. And, that's
what | tried to inply, because once you know that a

nolecule is a substrate for this enzyne then vyou
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shouldn't be looking for it except in the brain or the
heart to work. It's going to be an aid to discovery.

MR PECK: Next question?

MR, LUDLAM  Chuck Ludlam Biotech Industry
Organi zat i on.

Several of you have crossed back and forth
bet ween the academc and the comrercial world. Maybe
that's the -equivalent of blood/brain barriers or
sonet hi ng.

(Laughter.)

MR, LUDLAM But, what have you learned in
that process about the special issues as policies that
apply to the FDA review, pricing, you know, all of
t hese issues that | think probably were new to you when
you got on the other side of the process?

DR SM TH:. That's a hard question to
answer, because you covered a lot of ground wth that

because there are so many different things. So, | wll
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just focus in on a couple of differences that | see.

Well, one thing that | think is very
critically different on those two sides of the fence is
information transfer. And, so | encountered that.
And, that's, of course, an issue people worry about.

| think that the nost inportant thing for
mai ntaining the health and success of our university
systens is free flow of information. That's really
critical.

On the other hand, in industry environnent,
information is your |ife blood. And, you take risks
and you invest noney to get infornation.

And, when you get sone information, you are
not just going to give it away or you risk |osing your
I nvest nent . You know, sort of by definition, it's
commercially notivated. So, that's a big issue.

And, when you nove back and forth between

those two, it helps a |lot to have your principles clear
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in your mnd about how you are going to handle that.
And, in ny case, try to keep the principle that all
information is basically freely available and open on
the university side but recognize that it may be nore
constrained on the industry side.

There's a host of other issues, too. I
don't know -- | wll just free associate. Il wll do
one nore.

Qur conpany is now up to 17 people. And,
we really got a massive kick start about a year ago
when we received one of these ATP program awards
t hrough the NI ST.

So, that's really an interesting situation.
| know it has been hotly debated in Wshington and
el sewhere what the governnent role should be as far as
nurturing that kind of investnent in snmall conpanies.

| guess actually obviously I'm interested

in this. And, | would say that | think that's a great
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policy, because what it does is that provides the seed
capital or high risk capital for early on turning the
public investnment and basic research into sonething
t hat feeds back and hel ps the public.

| think when the public doesn't want to
fund basic research or is concerned that noney is being
wasted on abstract things that don't touch their |ives,
it's not, you know, an illegitimte concern. And, so
we have a responsibility to have the fruits of the
basic research have avenues in place for getting the
benefit back to the people who are paying the bill

And, t hat avenue S really t hr ough
I nteraction wwth the commercial sector. And, one thing
the governnment is doing by supporting those sorts of
prograns s nurturing the ability to recoup the
I nvest nent .

W could go on forever, but those are two

things that cone to m nd.
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DR, BENET: | would like to think I wasn't
as naive as maybe a nunber of ny faculty coll eagues. |
served for a nunber of years on the Forum of Drug
Devel opnent and Regulation of the Institute of
Medi ci ne, whose purpose was to try to get rid of sone
of these barriers and to understand the industry, FDA
NI H and university perspective.

And, | also am a nenber of the Science
Board of the FDA So, | get to see it from that
per specti ve.

| think -- and, let ne tell you one further
thing. Since the Conflict of Interest Commttee at the
University of California, San Francisco established --
and many conpani es have cone out of our institution --
|'ve been a nenber of the commttee all of these years.

| think what is nost inportant is the
ability to communicate across the barriers that appear

to be put up partly as a result of legislative
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concerns, partly as a result of potential conflicts of
interest that are there between industry, academ a,
governnent and, in this case, the FDA. |In doing what |
did, in starting this conpany, | tried to put
everything together to try to nmake it that it wasn't a
conflict of interest.

| am not an enployee of the conpany. | do
no research of the conpany and the university. The
uni versity owns the patents, because it canme out of NIH
grants and the university owns equity in this conpany.

| think it's a great revelation, though --
|"ve been doing this for about a year and a half now
-- to realize the conceptual barriers that probably we,
in this room helped to focus. Wen -- let ne refer to
one ot her thing.

| also serve FAI AU, you know, the hepatitis
drug that caused deaths carried out at the NH I

served as the Review Commttee Chairman for the
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Institute of Medicine.

A great |esson cane out of that. There are
deaths that could potentially occur in drug devel opnent
that aren't anyone's fault.

Conmpounds are dangerous. |If you don't know
sonet hi ng about them you have got to carry out studies
to | earn sonet hing about them

And, there has to be faith that goes across
the legislative branch, the regqulatory groups and the
conpanies. | think -- but | see that happening. So, |
think that's what |'ve been nore encouraged about in
the last few years, not so nuch that there were
barriers, that there are people trying to solve those
barriers. And, | think the people here in the room
help to do that.

So, | think I didn't answer your question,
but | said a |lot of things.

(Laughter.)
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MR PECK: | would -- before | give you the
guestion -- invite you to renenber this conmment when
you |l ook at the I AF report on Vision and FDA Reform
because there is an opportunity through the reform
process to create that kind of faith. And, we are
going to suggest that you look at that and that
opportunity ahead.

Dr. Cheung.

DR,  CHEUNG Jonat han, you nentioned the
third wave. And, | attended the Third International
Medi cal Application Conference and they al so nentioned
third wave.

They talked about the third wave of
bi ot echnol ogy and area of what they called anti-code
and anti-sense from the standpoint they would be able
to identify a part of the DNA and to be able to get
into either cancer cells or hypertension, abnormality

of the gene or what have you. So, it's a design of
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dr ugs.

And, they were talking about the fourth
wave. And, no one tried to nane the fourth wave.

But, the inpression | have is that in terns
of the new know edge comng of the hunman genone
proj ect, we have shortened the tinme of future
t herapeutic or diagnostic products. W have reduced
the course for the diagnosis and treatnent because of a
nore design of drugs type of approach.

And, also what wll be the role of

chemstry as to this and to chemsts? To ne, it's not

as a pure chem cal. It's biological aspects of what
will affect the majority of pharmaceutical industry
that will do the traditional chemcal analysis and

screeni ng approach.
MR PECK kay. Thank you. Do you want
to handl e those three in whatever order you choose?

DR. BORCHARDT: Vell, let ne comment first
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on --

MR, CHEUNG Ch, | should identify nyself,
right?

MR PECK:  Yes.

MR, CHEUNG Al an Cheung. I"'m with the
Veterans Health Admnistration, formerly wth Senator
Joe Lieberman of Connecticut.

MR PECK: Thank you.

DR BORCHARDT: Let nme first coment on the
chem stry question that you asked. In the last three
to four years, five years, there has been absolute
revolution in chemstry in ternms of how it's being
applied in the industry.

As you well know, in the past, the way
chem sts approached maki ng conpounds was one conpound
at a tine. Wthin the early 1990s, people began to
explore the idea of making nolecular diversity and

using commentorial library technology where they could
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literally prepare in one reaction vessel hundreds or
t housands of conpounds sinultaneously with appropriate
tags knowi ng what the structures were.

And, they've conbined that technology wth
many of the exciting nolecular biology technologies
that were discussed here earlier. And, as a result,
I nstead of those screening of neking 5,000 conpounds,
conpani es now tal k about making 5 mllion conpounds in
a six nonth period and identifying |ead candidates to
take in to pre-clinical assessnent.

So, | think the revolution in chemstry is
this nol ecul ar di versity coment ori al |ibrary
technol ogy, which is going to speed up the entire
process of finding and refining drug candi dates. So,
think there has been a resurgence, from ny perspective,
in chemstry as a result of this particular
devel opnent .

| think chemstry had been beaten down
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real ly badly because of the great advances in nol ecul ar
bi ol ogy over the last 10 years. But, this has put new
energy and new enthusiasminto chemstry's role in this
whol e process.

MR PECK: LIloyd or Les, do you want to
pi ck up on either the economc or the fourth wave anti -
sense?

DR SM TH |l will pick up on sonething

Your question was great.

And, it had a lot of facets to it. So,
again, | am just going to try to pick a couple of
things. But, | amsure | wll mss several things.

One thing you asked was about a shorter
tinme for drug devel opnent via the human genone project.
And, that's a question.

| think that's being debated and still kind
of up in the air all over. So, you can point to sone

facts.
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Sonme facts are: Most of the nmgjor
phar maceutical conpanies by this tinme have invested in
one or another of the human genone-rel ated conpanies.
There has been five or six of these new conpanies that
have popped up -- MIlennium and Human CGenone Sciences
and so on, several others.

And, the pharmaceuti cal conpanies are
obvi ously paying attention. There are representatives
here from those conpani es that know nore about it than
| do.

But, reasonably large -- $100 mllion or
$200 mllion investnments are being nade in those. Wen
| talk to people, both in the venture capital industry
or considering investing in those types of conpanies
and people in the pharmaceutical industry, | think it's
still not really quite clear exactly how this is al
going to play out, because one thing that it seens to

do for sure is it provides you a lot of drug targets
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and allows you to, as these folks alluded to, go nore
quickly to focus your efforts on drug targets specific
for whatever you want to go after.

But, then, if you are in a very target rich
environnent, whether or not or how nuch that is going
to feed into reducing the overall cost and rate at
which new drugs are determned | think -- and these
folks know a lot nore about it than | do, but | think
that's a ot |ess clear.

So, ny view is that this is still kind of
dynam c. People see it as a lot of value here and a
| ot of excitenent.

But, it's not really crystallized yet as

far as what the nmechanismis whereby it's going to be

realized. And, | think, for the nost of the
phar maceut i cal conpani es, there's an aspect of
I nsurance here -- that there is sonething big going on

and they want to be sure they have a piece of it in
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case it turns out to be inportant. But, | don't think
we really know for sure yet how inportant it is going
to be.

MR PECK: Les.

DR, BENET: wWell, Alan, as your third or
fourth wave, was that a surfing question?

(Laughter.)

DR. BENET: No. | -- Jonathan can actually
give a better answer | think on the third wave. But ,
let me reply to the anti-sense and sort of pick up on
t he exanpl e here.

In ny view, in California what the biotech
I ndustry did wong initially was to think that they
only had to understand the target, that they only had
to understand a surrogate end point of that target and
that they would, then, develop their drug nolecules to
neet that target and pick their best conpound. That's

where | think they needed to be interacting with the
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maj or pharmaceuti cal industry, because what the biotech
group did not realize was, in fact, they needed
devel opnent .

And, you needed to be able to neasure those
conpounds. You needed to actually get them to the
site. And, you had to be able to say what happened to
t hem

That was a big surprise. | nmean, many of
ny early students were in the first groups at GenenTech
when they went to the FDA and the FDA says, "Wll, what
happens to human growt h hornmone or TPA?" And, "What do
you nmean what happens to it? It's a natural conpound.
Wiy do we need to know t hat ?"

That was a big surprise that they actually
had to know sonething about these conpounds. So, |
think what we are seeing is whatever this third or
fourth wave is in your definition really having to put

together the expertise that the nmmjor pharnmaceutical
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I ndustry has probably in the devel opnent aspects wth
the innovative discovery aspects that cone out of the
new bi ot echnol ogy.

And, | think today it's starting to be a
very good interaction and sonething that's leading to
new conpounds. One of the things that have cone out of
this, getting to your chemstry question, was a
realization by the nmmjor pharnmaceutical industry that
protein and peptide drugs may not be the answer in the
future and what they needed to find out was what
characteristics of the protein and peptide could they
mmc in small nolecules that chem sts could nake that
then they coul d approach those targets.

So, | think what we are seeing, as LIoyd

and Ron said, we are seeing a sifting out of people

trying to figure out how these things interact. And,
we are still early.
But, it seens to be being facilitated at
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this stage. And, |I'm not so concerned about the big
conpanies gobbling up the little conpanies, because |
think the little conpanies have the discovery and the
bi g conpani es have the devel opnent. And, if we are
really going to help society, they actually need to do
this.

I will |l et Jonathan answer the wave
guesti on.

MR PECK: Ckay. | will refer you back to
our foresight semnar that sort of argued that the
third wave marketplace, which substitutes product --
uses information and know edge to make better use of
product is actually illustrated in what Les and LI oyd
have talked about to the extent, for exanple, that
I nformati on can show us which drugs when we are giving
them don't have efficacy or which cause side effects.

And, what Les has described is wthin five

years we could know all those drugs that are sending
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people to hospitals for side effects. W could know
t hat .

There is a trenendous anount of economc
gain as we use new knowedge to substitute for
therapies that are now going awy. And, that's quite
exciting.

| would |ike to pose one |ast question that

cones out of this. And, it struck ne that all of this

attention on pre-clinical, in the sense that we've
really had exciting innovation that | hadn't known
about until | talked to you three, how exciting that is

on the devel opnent and pre-clinical.

And, | renenber in the 1980s when we had a
foresight semnar on animal testing, and it turned out
that the LD-50 test, which was used, is a lethal dose
that kills 50 percent of the animals, that they were
using that as a safety, that that was actually being

way over used. It was alnost an artifact, alnost a
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habit, in the regulatory systemthat many critics said,
"Hey, you know, we are not |earning anything nore from
this. And, it's a dunb use of resources."

And, |I'm wondering if, indeed, we think
about novi ng devel opnent into the 21st century how many
of those are existing now and how ripe is the
opportunity for accel erating I nnovati on and
devel opnent, at least, up to the clinical, if not
beyond in the imedi ate five years?

DR BENET: This week, the FDA issued
gui del i nes on how drug conpanies can | ook at potenti al
drug interactions based on these interactions. So,
t hat happened this week, that you don't need to carry
out these studies; you can do them in an in vitro
nodel .

And, you know, if it falls within what we
know about the enzynmes and what woul d happen, then, at

| east, the FDA is suggesting that you won't have to
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carry out these studies. | think that's a big step
f orward

And, it says, "Yes, we are aware of the new
t echnol ogy. W are putting it together. W are even
giving guidance to the industry of how to avoid these
mul tiple studies.”

So, | think it's potentially there. And,
things don't necessarily happen quickly at the FDA |
think some of you are going to neke that happen
qui ckl y.

But, there is an exanple of a response to
really nove technology that nowis in a guidance form

DR, BORCHARDT: | think those conpanies
that choose to continue to live in the 1980s in terns
of rational drug design and do their discovery function
and identify a lead conpound, put it into traditional
clinical -- or pre-clinical evaluation are going to be

at a significant disadvantage to those conpani es that
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have actually integrated these functions, because, put
in a different way, the 1980s was a tine when people
focused on optimzing interaction with a therapeutic
target. And, while that was all fine, if you couldn't
get that drug entity to the target site that drug woul d
fail clinically.

And, so I think if you begin to consider
that there is the therapeutic target plus the -- you
need to design for the nolecule the pharnmaceuti cal
characteristics necessary to deliver it to the target,
| think those conpanies are going to be at a
significant disadvantage in terns of getting there
first to the finish |line.

MR PECK Any other questions? In the
back, sir.

MR, MERRILL: Steve Merrill wth the
Nat i onal Acadeny of Sciences.

My question is: The conventional w sdom |
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think, that the advent of nmanaged care and cost
containnent at large is going to reduce the incentive
to innovation. And, ny question: |Is that true for the
devel opnents you are tal king about or are likely to be
true; or, are the cost savings you frequently referred
to going to nmake this an area that's favored under the
managed care/ health care systenf

DR SMTH. | wll start out first, because
| know | east about it.

(Laughter.)

DR, SM TH: So, it seenms to ne, from ny
perspective as a chemstry professor -- that neans |
don't know very much about that industry -- that the
second of your two scenarios is, far and away, the nore
| i kel y, because when you have basically conpetition and
pressure to drive down costs, | think these sort of
exanples that | presented in ny presentation are very

cl ear exanples where you can go in and save yourself a
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|l ot of noney by know ng exactly what you are doing
I nstead of bl undering about.

So, | would argue actually that cost
pressure and all that is going to help to drive this
kind of thing into the marketplace rather than the
opposite.

DR BENET: | don't think it's going to
i nhibit innovation. But, it is going to inhibit a |ot
of trying to catch up

And, | think what we are going to see --
and we are seeing it already -- contraction of the
I ndustry, because the only thing that is going to pay
off is innovation in the future. And, yet, innovation
will really pay off. And, so it's worth doing and nove
forward

But, | think what we are going to see, and
as a reflection of the contraction  of t he

pharmaceutical industry, is that we are going to have
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to make sonme choices real early of whether this is
going to be an innovative project or else we are going
to kill 1t. In the past, if a conpany had invested
four or five years in a conpound, they were going to
keep going on that conpound because there still was the
potential to get sonme of their noney back.

And, | think what | see in the industry is
sonme serious decision-making about whether this 1is
I nnovative. So, | think it has the potential -- it may
not, it has the potential for actually inproving
I nnovati on as opposed to not inproving it.

DR,  BORCHARDT: Let me take a different
perspective on that. | think this is going to cause
t he pharnmaceutical conpanies to becone nuch, nmuch nore
focused on just the process of discovering and
devel opi ng drugs.

There is going to be less basic research

done in pharmaceutical conpanies. And, they are going

100 North Pitt Street, Suite235 Alexandria, VA 22314
(703) 684-5880 (703) 684-0640 fax
http://www.altfutures.com



Institute for Alternative Futures
Foresight Seminars on Health and Innovation

to becone nore and nore reliant upon universities to be
I nnovati ve.

For exanple, if you take the cell culture
systens that we've developed, today | don't think a
conpany would be wlling to take that on as a project
sinply because there is no product at the end. They
woul dn't see the long-term benefit of having that type
of technol ogy available to them

The industry now is thinking very, very
much nore short-term A long-term project in the

I ndustry today is maybe six nonths or a year conpared

to years ago when it was nmuch nore -- a nuch |onger
process.

So, | think what is going to suffer in the
i ndustry is basic research. In fact, in sone

conpani es, you don't nention the word "basic research.”
You tal k about discovery and devel opnent. It's a

no-no to tal k about basic research, because that's not
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sufficiently product-driven. So, | think as a result
they are going to be nuch nore reliant upon either
universities or small conpanies for the real, real
I nnovati on and basi c research.

MR, PECK: kay. Well, with that, | would
like to thank all of you for the wonderful questions
and thank the panel for the wonderful discussion.

(Appl ause.)

MR, PECK: Thank you very nuch.

(Whereupon, the sem nar was concluded at

1:45 p.m, Friday, Decenber 1, 1995.)
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