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CHAI RPERSON KAWAS: If everyone can find a
seat so we can begin.

Good norning. And wel cone to the Novenber
18, 2002 neeting of the Peripheral and Central Nervous
System Drugs Advisory Commttee of the FDA

M/ nane is Caudia Kawas, and the topic
for today's neeting is the role of brain inmaging as an
outcone neasure in Phase 111 drug trials in
Al zhei ner' s D sease.

And we'd like to start by introducing the
people who are sitting around the table, so perhaps we
can start with Dr. Katz.

DR KATZ: Russ Katz, Neuropharm Drugs,
FDA.

DR LOVE Patricia Love, D vision of
Medi cal | magi ng, FDA.

DR QLI VA Armando Qdiva, team | eader,
Di vi si on of Neuropharm Drugs, FDA

DR FOCEL: Mark Fogel, Medical | naging,

Chi Il dren Hospital of Phil adel phi a.
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DR VAN BELLE: Gerald Van Belle,
Department of Biostatistics from the University of
Washi ngt on.

DR PENN: Ri chard Penn, Professor of
Neurosurgery at the University of Chicago.

EXECUTI VE SECRETARY PEREZ: Tom Perez,
Executive Secretary to this neeting.

DR GRUNDNVAN: M chael G undman,
University of California, San D ego.

DR WOLI NSKY: Jerry Wolinsky, neurol ogy,
Uni versity of Texas at Houston.

DR CH U Lee Chiu, MD., M Inmaging
Director, California.

DR RANBEY: Rut h Ransey, neuro-radi ol ogy
and Professor of Radiology at the University of
I1'1inois.

DR BEAM Just in tinme. Craig Beam
Bi ostatistician, University of South Florida, Mffit
Cancer Center.

DR WOLF: Walter Wolf, Professor of
Pharmaceutical Sciences and Director Pharnakinetic

| magi ng Program University of Southern California.
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DR KIM Hyun Kim Cal State University,
Los Angeles. Chem stry ? Biochem stry professor

CHAl RPERSON  KAWAS: VW also have our
invited speakers sitting off to the left, and perhaps
we can start with introductions there with Dr. MKke
Hughes.

DR HUGHES: I'"'m Mchael Hughes, I'm a
Prof essor of biostatistics at Harvard University.

DR FOX I'm N ck Fox, senior fellow at
the University Coll ege London in London.

DR De CARLI: Charles De Carli,
neurol ogi st, University of California at Davis.

DR VEI NER M chael Winer at the VA
Hospi t al and the University of California, San
Franci sco.

DR CHARLES: Cecil Charles, Duke Image
Anal ysi s Laboratory, Duke University.

DR DORAI SWAMY: Murali Doraiswany, |I'm a
psychiatrist at Duke University.

DR JAGUST: Bill Jagust, neurol ogist,
University of California at Davis.

DR SMALL: Gary Small, psychiatrist,



10

11

12

13

14

15

16

17

18

19

20

21

22

University of California at Los Angel es.
DR JACK: Adifford Jack, radiology, Myo
Ainic in Mnnesot a.

CHAI RPERSON KAWAS:  Thank you

W'll now have the conflict of interest
st at enment .

M5. TURNER  CGood norning. My nane is Tara
Turner, |I'm the backup Executive Secretary. |'m
filling in in the absence of Tom Perez' voice this
nor ni ng.

The follow ng announcenent addresses the
issue of conflict of interest with respect to this
meeting and is nade a part of the record to preclude
even the appearance of such at this neeting.

The topic of today's neeting is an issue
of Dbroad applicability. Unlike 1issues before a
commttee in which a particular product is discussed,
I ssues of br oader applicability I nvol ve many
i ndustrial sponsors and academ c institutions.

Al'l special Governnent enpl oyees have been
screened for their financial interests as they may

apply to the general topic at hand. Because they have
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reported interests in pharmaceutical conpanies, the
Food and Drug Admnistration has granted general
matters waivers to the following SGEs which permts
them to participate in today's discussions: Dr.
M chael Gundman, Dr. ( audia Kawas, Dr. R chard Penn,
Dr. Cerald van Belle, D. Jerry WlIlinsky and Dr.
Howar d Vi ner.

A copy of the waiver statenents may be
obtained by submtting a witten request to the
Agency's Freedom of Information Ofice, Room 12A-30 of
t he Par kl awn Bui | di ng.

Because general topics inpact so nany
institutions, it is not prudent to recite all
potential conflicts of interest as they apply to each
menber and consul tant.

FDA acknow edges that there may Dbe
potential conflicts of interest, but because of the
general nature of the discussion before the commttee
these potential conflicts are mtigated.

Wth respect to FDA's invited guests, Dr.
P. Mirali Doraiswany, Dr. Mchael Winer, D. Nck

Fox, Dr. difford Jack, Dr. H Cecil Charles, and Dr.
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Gary Small have reported interests which we believe
should be made public to allow the participants to
obj ectively evaluate their conments.

Dr. Doraiswany attended a consultants
meeting for Berlex several years ago, has received
research grants and/ or honoraria from Pfizer,
Novartis, Ei sai, Janssen, Merck, Forest, David, E an
Organon, d axoSmthKline, Weth, and Lilly over the
past five years. He has also received grants fromthe
NlH NARSAD and the Anmerican Federation for Aging
Resear ch.

Dr. Winer has consulted for Pfizer,
Aventis, Merck, Synarc and Novartis.

Dr. Fox has received consultancy fees or
honoraria for lectures from Novartis, Janssen, El an,
Pfizer, Searle, Lundbeck and Pharnmaci a. H s research
has a col | aborative research gr ant from
d axoSmthKline and has been contracted to provide
i mge anal ysis for Novartis, Janssen and El an/ Wet h.

Dr. Jack has provided advice to Pfizer and
Pharmacia regarding the use of MR as a bionarker of

di sease progression drug trials in Alzheiner's
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D sease.

Dr. Charl es has a pr of essi onal
relationship with Duke University Medical Center's
Brain Imaging Analysis Center and the Center for
Advanced MR Devel opnent.

Dr. Small is a scientific advisor to CTI
and Amersham and has an involvenent in a pending NDA
for FDG PET in Al zheinmer's D sease.

In the event that the discussions involve
any other products or firnms not already on the agenda
for which FDA participants have a financial interest,
the participants' involvenent and their exclusion wll
be noted for the record.

Wth respect to all other participants, we
ask in the interest of fairness that they address any
current or previous financial involvement wth any
firmwhose product they may wi sh to coment upon.

Thank you.

CHAI RPERSON KAWAS:  Thank you.

|'d now like to turn the floor over to Dr.
Patricia Love, Director of Medical | magi ng and

Radi ophar maceuti cal Drug Products.
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DR LOVE: Thank you.

Good norning, Dr. Kawas, all nenbers
assenbled of the Advisory Commttee, all nedical
imaging consultants, all invited guests. Thank you

very much for comng. This is certainly going to be an
exciting day and in a few nonents, Dr. Katz is going
to speak with you about the activities planned. But
before then, let nme just briefly address sone issues
about the status of the Medical |nmaging Drug Advisory
Comm tt ee.

Several of you received a letter over the
| ast few days about the fact that the Medical |nmaging
or MDAC Committee is no longer going to continue to
exist as a standing entity. The basis for is certainly
vari ed and involves several different aspects, but key
anong themis the fact that the agency is only all owed
to have 12 advisory conmttees existing at any one
particul ar tine.

So, wth need to add new conmttees, this
is one of the commttees that will no longer be in
exi stence. But that does not nean -- and let ne pl ease

reassure you that that does not nean that we feel that
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there is any |l ess need to seek input from advisors and

consultants on this matter. And what you see
before you today is a nodel that we will be using to
seek your input and counsel. It's a conbination of an

advisory commttee, a standing conmttee with invited
guests, obviously, and that's one node that we can
use.

Another option we have is to potentially
form an inmaging subcommttee. If we do that, it would
be a subcommttee of a standing conmttee. Bef ore
maki ng that decision, however, because as you know
there are products that are being transferred fromthe
Center for Biologics to Drugs, we are waiting to
determ ne exactly which products and what types of
areas wWll be transferred before we nake a deci sion on
whether or not to form a subcommttee of a standing
commttee, and which conmttee that woul d be.

And, of course, the third option is the
option we've been using several tinmes over the |ast
few years, and that's the pubic foruns and workshops
that we wuse for PET and positron emssion and

t onogr aphy issues, radiopharnmaceutical issues that
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stermed from the Food and Drug Modernization Act of
1997. That type of venue allows us to have nuch nore
interactive dialogue wth both the advisors and
consultants as well as the public.

So we wll continue to wuse all the
nmet hodol ogi es. W certainly as an agency recogni ze and
value the inportance of imaging and this rapidly
advanci ng technology, its relevance to diagnoses and
to treatnment. W will continue to nove forward it in
t hat area.

In the neantine, if you do have questions,
pl ease you nmay forward themto ne directly or you may
forward them to Linda Skl adany, Assistant Conm ssioner
for External Affairs.

Thank you.

CHAI RPERSON KAWAS:  Thank you, Dr. Love.

Now for the FDA overview of issues, Dr.
Russell Katz, D rector of Neuropharmacol ogical Drug
Product s.

DR KATZ: Thanks, Dr. Kawas.

And I'd |ike to welcone you all here this

nmorning. |'d especially like to welcone our nedical
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i magi ng consul tants. You've just heard about their
commttee, or their old conmttee. And in particular
I'd like to welconme our invited experts. Qur invited
experts will present to the Conmttee the state of the
art of various brain inmaging nodalities that will form
the basis for much of what we tal k about today. So I
want to thank you all for com ng today and for hel ping
us address what we believe to be a very inportant
issue in the future, developnent of drugs to treat
patients wth A zheiner's D sease.

Finally, also let nme welcome Tom Perez,
who?s filling in and has graciously agreed to fill in
at the last mnute as the Executive Secretary for
today's neeting. So thanks very nuch, Tom

As you know, today we are asking your
advice on an issue that's becone of considerable
interest to manufacturers of treatnents for patients
with Al zheiner's D sease and a matter of interest to
many ot her parties as well. And nanely, that's whether
or not we should rely on a drug's effect on a
surrogate marker to support to support the marketing

of a treatnent for patients with Al zheiner's D sease.
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Before I go on much nore, let ne just say
what a surrogate marker is. There are many
definitions available, as |I'm sure you know, about
what a surrogate marker is. And | thought since there
were nmany available, | would take one offered by ny
boss.

| notice that |'ve actually neglected to
attribute this to him | thought maybe | could get it
done before he canme this norning. But he's here now,
so |I'll have to apol ogi ze.

This is from an article that Bob Tenple
wote in 1995 and basically it says a surrogate
marker and point of a clinical trial is a |aboratory
measurenent or a physical sign used as a substitute
for a clinically neaningful end point that measures
directly how a patient feels, functions or survives
Changes induced by therapy in a surrogate end point
are expected to reflect changes in a clinically
meani ngf ul end poi nt.

Anot her definition that soneone gave us of
surrogate markers is sonething that you neasure

i nstead of thing you actually care about.



10

11

12

13

14

15

16

17

18

19

20

21

22

17

As these definitions inply, approval of a
drug on the basis of an effect on a surrogate marker
presupposes no requirenent for a denonstration of a
direct effect on a clinical outcone. And vyou'll
recogni ze that that's unusual.

Qobviously, the vast majority of drugs are
approved on the basis of a showing of an effect on a
clinically valid or face valid neasure of how the
pati ent IS doi ng, whet her it's objective or
subj ecti ve. And, in fact, in our division all drugs
have been approved on the basis of a finding on a
clinical out cone, although on rare occasion a
surrogate marker has been found to be supportive in
sone of the studies.

In fact, as you know, there are currently
four treatnments approved for Al zheinmer's D sease and
all have been approved on the basis of an effect on
clinical outcones, nanely cognitive neasures and
gl obal neasures, as you know. But now we're being
asked and we're asking you to consider approving
treatnments for Al zheinmer's D sease on the basis of an

effect on a surrogate marker.
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Wy would rely on the effect on a
surrogate marker instead of a clinical endpoint?
Usually two reasons are given. One is that because
these neasures are fairly sensitive, one could reduce
the sanple size necessary to show an effect and that,
of course, makes studi es cheaper and nore manageabl e.

A second aspect of surrogate approvals
that is often touted as being useful is that because
surrogates often look at outconmes that may be very
latent in the path of disease, nortality, for exanple,
and it mght be very difficult to study nortality
directly, the use of a surrogate could decrease the
sanple size and actually make the study actually
practical and nore tractable.

And, of course, the Agency has a I|ong
hi story of approving drugs on the basis of effects on
surrogates. For exanple, the obvious exanples, are
anti - hypertensives, drugs which are approved on the
basis of a showing of a decrease in blood pressure,
which is a laboratory neasurenent and not a clinica
outcome in the sense of how the patient feels.

Simlarly cholesterol-lowering agents, as the nane
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inplies, those drugs are approved on the basis of a
showi ng of a decrease in serum chol esterol and not on
any specific clinical outcone.

Here, though, these effects on these
surrogates has presumably been shown to correlate with
actually a clinical outcone of interests, for exanple,
decreased cardiovascular outconmes or events. And in
t hat sense these surrogates can be considered
validated; that is to say an effect on the surrogate
has shown to predict an effect on a clinical outcone
of interest.

But in addition to approving drugs on the
basis of findings on validated surrogates, since 1992
the agency has had the explicit authority to approve
drugs on the basis of effects of surrogates that have
not been validated but only that have been reasonably
likely to predict the clinical effect of interest.
And | have a definition. This is actually the | anguage
from the so-called accelerated approval regulations
again adopted in 1992. And I'Il just read them

It says that "The FDA nmay grant marketing

approval for a new drug product on the basis of
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adequate and well- controll ed cl i ni cal trials
establishing that the drug product has its effects on
the surrogate endpoint that is reasonably likely,
based on epi dem ol ogi cal t her apeuti c,
pat hophysi ol ogical or other evidence, to predict
clinical benefit."

It's I mpor t ant to not e t hat t he
regul ations anticipated that these approvals would
occur only for treatnents for |life-threatening or
serious diseases for which there is no other avail able
treatnents

In addition, the regulations also state
that, ultimately, these surrogates would have to be
validated, that is to say that the sponsor would have
to denonstrate usually after a drug was approved or
invariably after the drug was inproved, that in fact
there was a correlation with the clinical outcone of
interest. And, in fact, if that couldn't be shown or
if a sponsor didn't engage in that sort of attenpt to
valid the surrogate, the drug could be renoved from
the market nore easily than other sorts of drugs.

And, in fact, in 1997 this essentially
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sane standard was introduced into the Federal Food,
Drug and Cosnetic Act under what's called the fast
track provisions. So this has been in the regulation
since '92 and in the Act, the statute, since 1997.

| don't want to go into very nuch detail
into the nature of validation of a surrogate. Dr.
Hughes will talk about that, | believe, in a little
while. Let ne just point out that validating a
surrogate is a conplicated matter, and it ordinarily
i nvolves essentially a conplete understanding of all
the effects of a drug, positive and negative, as well
as a detailed understanding of the path of physiol ogy
and the biology of the condition being treated. And as
you'll also recognize, we usually don't have conplete
information on any of those matters.

So while the regulations permt the Agency
to approve a drug on the basis of an effect on a
surrogate that 1is wunvalidated but only reasonably
likely to predict clinical benefit, relying on the
effects of a drug on an effect on an unvalidated
surrogate S potentially probl emati c. These

surrogates, and particularly the surrogates vyou'l
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hear about today, imaging nodality and Al zheiner's
D sease, correlate very well wth the untreated
condition. In other words, as the Al zheiner's D sease
gets worse, we see that the inmaging nodality gets --
nodalities, all of them get worse in a highly
correlated way, but it's not immediately obvious that
a drug- induced effect on that surrogate necessarily
translates into a clinical benefit that we want to
see.

In fact, there are many exanples in
medi ci ne where a beneficial effect has been seen on a
candi date surrogate, but in fact the clinical effect
of interest has not been shown. And a nunber of these
exanples are explained in various of the publications
that you have in your briefing book.

Now, in the case of putative treatnents
for Alzheinmer's Disease, actually we're not being
asked by sponsors to rely on effects on surrogates for
the docunentation of synptomatic treatnents. As |
said, the four treatnents that are approved, have all
been approved on the basis of synptomatic effects and

typi cal study designs are fairly good at picking up or
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at |least capable by design of picking up synptomatic
treatment effects.

What sponsors are generally proposing when
they ask us to rely on surrogates is a show ng that
the drug has an effect on the underlying program or
pat h of physiology of Al zheiner's Disease. As | say,
typically the study designs that are used now to | ook
at synptomatic treatnments are not capable of
docunenting such an effect on the underlying
progression. There are clinical trial designs that are
capabl e of denonstrating this effect, but those trials
are very difficult to do. They involve or would
i nvolve large nunbers of patients and would take |ong
periods of time. So in that context, relying on a
surrogate to docunent progression is very attractive.

In addition, the other reason that inmaging
nmodalities in particular appear to be attractive for
this purpose is that they purport to give us a w ndow
into actually looking at the pathol ogy. And so it
seens reasonable to conclude that any effect that one
woul d see on these inmaging nodalities in a beneficial

way from the drug would necessarily translate into a
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clinical benefit that we'd like to see. | would just
caution that it isn't necessarily the case. It's a
conplicated matter, as | said before. One would have
to at l|east understand what you're looking at in the
imaging nodality, first of all, in terns of the
pathology and then there are at | east three
considerations that would have to be taken into
account before we decided that an effect seen on the
nmodality by the drug actually would translate into a
clinical benefit.

And one is that one would have to ensure
that there's no interaction between the drug and the
test system itself, the inmaging nodality that m ght
give a spurious result. If you get beyond that, it is
possible that a change could be induced by the drug
that could appear as a beneficial effect on the
imaging nodality but in fact, it mght be entirely
irrelevant. An exanple mght be if we're |ooking at
total brain atrophy and if the drug increased brain
water, it mght be possible that it would appear as if
there is less atrophy when in fact, the change that

was i nduced was entirely irrel evant.
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The other possibility is that a drug may
actually have an effect on a structure that mght be
rel evant or that one mght think would be relevant in
the inportant pathology, but in fact that that effect
m ght not be what we would think it was. For exanple,
one could show that there mght be 1less atrophy
because, in fact, the treatnent preserves neurons.
But in fact that the neurons are not functioning
properly, the beneficial effect on the picture m ght
in fact be spurious wth regard to its clinica
concom tant.

So, with as a very brief background into
sort of the regulatory franmework in which we need to
work and sone of the conditions, | just want to pose
to you the two large questions that we'd really |ike
to discuss and ultimately vote on.

The first question is whether or not you
think any of the inmaging nodalities that we're going
to hear about this norning are in fact, or have in
fact been validated in the sense that |'ve discussed
and in the sense that Dr. Hughes will elaborate on.

Failing that, we would |like to know whet her or not you
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think it's appropriate for us at this time to rely on
a drug's effect on an unvalidated surrogate to support
the approval of an application for a treatnent for
patients with A zheiner's D sease.

So, wth that <charge, I'lIl turn the
m cr ophone back to Dr. Kawas.

CHAI RPERSON KAWAS: Thank you, Dr. Katz.

Vell, both the charge and the nunber of
nodalities that we're going to be review ng today, and
nost notably the nunber of speakers that we're going
to be listening to today, require that we keep this
meeting as nmuch as possible on tinme, which is already
not happeni ng.

For the speakers, | would very nuch
appreciate if you could keep to your tinme. There wl|

be a tiner up there to warn you shortly before you

will be pulled off of the podium w th a hooked cane.
And with that, 1'd like to introduce our first
speaker, Dr. Charles De Carli, who is going to give

t he overvi ew of i nmaging.
DR De CARLI: Wth that inpossible task,

"1l already start by saying that | am not going to be



10

11

12

13

14

15

16

17

18

19

20

21

22

27

able to acconmplish it. First off, I%e got to figure
out how this works. There we go.

| want to thank Dr. Mani for inviting ne
and the individuals of our Commttee here.

To talk about an overview of imaging is
beyond this 15 mnute time period that I was allotted.

Instead what |1'd Iike to do, as nost of this wll be
reviewed nore specifically by ny other speakers, |
want to talk a little bit about sonething we don't
tal k about that nuch, and that is understandi ng what
is normal in imging. W tend to focus on di seases and
conpare them to specific subgroups, but | would Iike
to talk, just for a few mnutes, about population
based i magi ng and defining what is nornal.

As you all know, data suggests that
there's a linear change in cognitive performance wth
age, particularly in the nenory sphere. Wat becones
obvi ous, however, after a careful 1ongitudinal study
whi ch was done by the Chicago group, is that, in fact,
what we see are individual differences in trajectory
of performance suggesting that in fact the aging

process is not nonotonic descending, if you'd like to
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say, but in fact has quite a bit of variability.

The process of aging involves nultiple
factors that include both genetic and environnental
factors, and including lifestyle factors that may
ei ther reduce neuronal nunber in pair brain structure
function or enhance neuronal nunber. However ,
ultimately over tine with these risk factors and this
bal ance we can |lead to the process of denentia or not.

And it's in that regard that | think we have to
understand this very conplex interaction in the
setting of what is normal aging.

And for this, | would like to use sone
data fromthe Fram ngham study that I'll talk about to
assess to certain questions for what is normal aging
based on sone cross-sectional differences that we see
and rates of change to ask how do earlier life factors
effect risk for later life denentia. And then the
inmportant thing, which we're not going to discuss
today but wll cone up as a derivative of these
conversations, and that is if we have surrogate
markers, will we begin to use these markers very early

in life to think about primary prevention strategies
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and how to identify these risk factors.

Al this data is based fromthe Fram ngham
Heart study and funded by both the NTA and NINDS. And
it's a comunity-based popul ation study. The origina
cohort was begun to study in 1950 and continue about
400 of them continue to be under observation. Thei r
children began to be observed in 1971. And this
included routine assessnent of cardiovascular risk
factors, but MA and neuropsychology was added in
1999. And we had the opportunity to cross sectiona
analysis as well as a repeat analysis in a subset of
t hese indi vidual s.

The quantitative brain inmaging was based
on intensity-based mathematical nodeling to define
segnentation of brain matter and CSF, white matter
hyperintensity. And then we did sone |obar analysis
and al so eval uated stroke volune in these individuals.

The cross-sectional data is a little over
2200 individual whose nean age was 64 years. But, as
you can see, it's age range across nost of the adult
lifespan, 38 to 97 years.

As expected in an ol der population, there
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was a slight higher prevalence of the females in the
cohort.

This is exanple of the cross-sectional
dat a. I ndi vidual data points plotted in nen in blue,
wonen in yellow and a regression analysis, a nulti-
variant regression analysis that includes |ooking at
gender, age and age gender interaction, including a
squared term And this is just from here forward are
going to be the regression nodel s thensel ves.

Just to give you a sense of what the effects
are, so this is on total brain cerebral volune of the
hem sphere where we show a strong age effect, about 47
percent of the variance is ascribed to age with very
little age gender interaction.

A simlar relationship can be seen wth
the tenporal |obe volunes. That is, there's a
nonl i near decline with aging and no obvi ous age gender
interaction. However, this seens to be slightly
different when we cone to front |obe volunes. In
there, it seens to be an accelerated brain |oss anong
men. And as ny wife tends to tell ne that if you

don't use it, you lose it. And that's significantly
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different than it is anong wonen.

Ventricul ar volune can be seem as sort of
the inverse of brain aging, in that the CSF spaces are
increased wth age in a nonlinear fashion. Agai n,
there's no gender interaction.

And white matter hyperintensity vol unes,
which are in part an aging phenonena but also my
represent cerebrovascular disease, show the only
gender interaction effect. O course, there's a
nonlinear increase wth age, but in about the seventh
decade of |ife, you begin to see a differentiation
between nmen and wonmen with wonen showi ng greater
volunmes of white matter hyperintensity then nen at a
given age. And this has been shown in other studies.

The aging process is not only associated
with degeneration, but also the appearance of
cerebrovascul ar disease, which is quite common anong
individuals as they age. And here's an exanple of
silent cerebral infarcts anong this cohort. And you
can see a steady age increase in the preval ence being
slightly greater in nen than wonen. In the tenth

decade of life we just didn't have enough nunbers out
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here to nake this reliable, so you tend to see this
little bit of drop here.

So in the first part of this talk, it
beconmes clear that age accounts for approximtely 30
to 40 percent of the differences in brain volune. And
that it appears that brain regions change differently
with change. That the frontal |obes, for exanple, do
not appear to atrophy quite as rapidly as other parts
of the brain. And this may, in fact, reflect a fact
that these individuals in this cohort were essentially
healthy. It'd be interesting to |ook at these changes
in those who do not successfully age.

Gender differences, at least in this
cross-sectional study appear to be nodest. But the
inportant fact that | think is becomng nore and nore
recogni zed when we | ook at the consequence of aging in
cognitive inpairnent, is that cerebrovascular injury
was quite common in this cohort.

Next, for the final part of this talk I'd
like to turn to the longitudinal evaluation of a very
smal | subgroup of these individuals, 151, who were

divided into five different age groups based primarily
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on the fact that we had [imted data available from
this small study, 38 to 59, and then 60 to 69, 70 to
79, 80 to 84 and 85 to 96. And these two were chosen
because we tend to see denmentia beginning nmuch nore
rapidly at these two hi gher age ranges.

W also broke this cohort up into or
identified within this cohort 23 individuals age 62
who were at higher risk for denentia based on famly
history data; that is because of this, the Fram ngham
study design, we actually know their parents? outcone.
That is they either passed away w thout Al zheiner's
D sease after the age of 80 or had it before age 80.

In addition, they may have one or both
alleles positive for ApoE 4 and be at high risk for
cerebrovascul ar di sease.

W identified 21 individuals at |ow risk
for cerebrovascul ar disease or denentia or having the
converse, their parents nade it to age 80 wthout
denmentia. They had no ApoE 4 alleles and had |ess an
aver age cerebrovascul ar ri sk.

Wthin this longitudinal study design,

there are MRIs repeated at about 2 years apart. And



10

11

12

13

14

15

16

17

18

19

20

21

22

34

these MRIs were analyzed separately and blindly by
different raters.

This is an exanple of sone of the data
that we're seeing in this very prelimnary analysis.
Wat we find is that if you look at total brain
volune, that there is age related increases in the
rate. So this is the percent difference per year
annual i zed change in MRI. | think this increase is a
little bit spurious because of the small nunbers.

Simlarly, ventricular rate volune appears
to accelerate, the rate of change seens to be
i ncreasing as we get ol der.

And finally, white matter hyperintensity,
again, as possible evidence for cerebrovascul ar
disease is accelerated in rates of change as the
i ndi vi dual ages.

Now, in this very prelimnary look at this
data, the low risk offspring are conpared to the high
ri sk offspring. Again, these are people at age 62
And what we see is that they are essentially when you
| ook at the rate of change of significantly different

from a population nmean of zero, there's very little
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change going on in the low risk offspring with the
possi bl e exception of the white matter hyperintensity
vol une. However, in the high risk offspring we see a
significant difference from zero and larger than the
low risk offspring in rate of tenporal volune atrophy
and rate of increase of total ventricular vol une.

And this is actual data. Again, these are
only two observations so it's linear, and | think nore
observations wll help clarify this. But what you can
see in this hodgepodge of data is that there appear to
be differing trajectories. Again, individuals who
appear to be declining very steeply in terns of total
cerebral brain volune; simlarly there are individuals
with white matter hyperintensity volune who seemto be
going up nuch nore rapidly. And we're even recogni zi ng
in small groups of people this heterogeneity in
trajectories associated with apparent nornmal aging.

So in summary from the |ongitudi nal data,
it appears that the rate of brain atrophy in white
matter hyperintensity accretion I ncreases with
advancing age. And | think that this has to be taken

into account when you start |ooking at conparative
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groups  of individuals when you're |ooking at
di fferences between denentia and normal aging. | think
that if your normal aged group is 80 years old, it's
going to atrophy nore rapidly than, say, a younger
gr oup. And that wmy bring into contrast the
di fferences between the denentia process.

Most  inportantly, I t hi nk, is we're
beginning to recognize that individuals establish
different trajectories of aging. And I'd like to
suggest, although this data is quite prelimnary, that
this may actually begin quite early in life. And |
think this is an interesting observation that has
inpact to using MR as a surrogate marker, or PET, for
that matter, or imaging in general in the sense that
if we identify these individual differences, then we
can study why these individual differences occur and
possibly again to explore ways to nodify these
individual differences. Again, wth the assunption
that these changes represent a pathol ogi cal process or
an unwant ed process.

So in conclusion, wth 1 mnute and 3

seconds, the understanding of wuse of inaging nethods
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as a surrogate nmarkers for disease nmust include a
cl ear understandi ng of what is nornal.

And | thank you for your attention.

CHAI RPERSON  KAWAS: Thank you Dr. De
Carli.

Now Dr. M chael Hughes is going to talk to
us about surrogate endpoints as neasures of efficacy,
conplexities and limtations.

DR HUGHES: Thank you very nuch for the
invitation to speak here.

|'m actually a stand-in for Tom Fl em ng
who was going to give this talk. And | nust
acknowl edge him because | borrowed a few slides from
hi m Wat |I'm going to talk about is sone of the
conplexities and limtations in |ooking at surrogate
endpoints in clinical trials.

First of all, | thought it would be useful
just to nention a few key criteria for study endpoints
in trials. Clearly they nust be neasurable and
interpretable in the context of the disease.

They also need to be sensitive to the

anticipated actions of the drugs that you're
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interested in. So, for instance, if you re studying an
analgesic in termnally ill patients, you mght want
to focus on pain relief and not survival

And thirdly, in ternms of the approva
process, | think they should be clinical relevant.

So here's a few exanples of the difference
between surrogate endpoints which tend to neasure
bi ol ogi cal activity, some neasures which aren't
necessarily directly relevant to an individual patient
versus those which neasure clinical efficacy which are
nore directly relevant to individual patients that are
t aki ng the drugs.

You've already seen this definition of a
surrogate endpoint. |'ve broken it up into tws. The
first sentence really deals with the idea that a
surrogate is a substitute for one of these clinically
meani ngf ul endpoi nt s.

And then the second really gets to the
heart of what we nmean by a surrogate endpoint in terns
of drug eval uati on. So you want to be sure that the
changes that are induced by a therapy on a surrogate

will reflect or will reliability predict the changes
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in the clinically meaningful endpoint. And that's the
hardest thing to validate in the context of surrogate
endpoi nt s.

Russ already nentioned sone of the issues
to do with or some of the interests in why we mght
want to neasur e surrogate endpoi nt's f ocused
particularly on drug approval, accelerated approval
and full approval. But it's useful also to bear in
mnd that surrogate endpoints are useful for
under st andi ng the basic ideas of how the di sease works
and how drugs works. And they're also really pivotal
in ternms of Phase Il clinical trials in deciding what
drugs to take forward for further devel opnent.

So here are sone exanples of potential
surrogate endpoints that have been wused and the
corresponding true endpoints. And this, again, |
think brings out the idea that the surrogates often
neasures |ab neasures or other signs and the true
endpoints are very nuch clinical endpoints which are
rel evant to individual patients.

The thing that I'd really like to stress

first of all is this idea of what's the difference
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between a prognostic marker and a surrogate endpoint
use for drug evaluation. So we can think about a
prognostic marker being any variable that predicts the
clinical outcone. As there's no concept in that
definition of effects of the drug, so there's no
mention of interventions. Wiereas, a surrogate
endpoint is really sonmething where the effect of an
intervention on the surrogate reliably predicts the
effect of the intervention on the clinical outcone.

So we're bringing in the idea that
interventions effect the surrogate and, hence, effect
the clinical outcone. And it's really critical to
appreciate that a correlate, in other words a
prognostic marker, mnmay not necessarily be a good
surrogate endpoint for drug evaluation. And what 1'd
like to do in this talk is really indicate why that's
Sso.

So here's a very sinple schematic of a
di sease which acts on or produces an effect on the
true clinical outconme. And it also separately effects
the surrogate endpoint, but the surrogate isn't on the

causal pathway between the disease and the true
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clinical outcone. There's going to be a correlation
bet ween t hese two.

So if you have intervention which effects
the surrogate endpoint, it can have an effect on that
endpoint wthout effecting the true clinical outcone.

So a very common exanple of this is where the
surrogate is a nmeasure of synptons of the disease and
you can treat the synptonms wthout effecting the
under | yi ng di sease.

So it's essential, really, to understand
whet her you've got J ust a correlation or an
associ ation, or whether you're dealing with a causa
pat hway between the disease and the true endpoint
whi ch involves the surrogate. So that involves a |ot
of basic science, clinical research to get at the
pat hways of the disease and also the ways in which
drugs work on those pat hways.

And then al so enpirical evidence about the
performance of the potential surrogate in practice.

Now having said that, even when there's an
established nodel for a causal pathway, you may not

have a good surrogate endpoint. So here's what you
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mght think of as the ideal surrogate endpoint. So
t he disease effects the true clinical outcone via the
surrogate endpoint. So if you have an intervention
which effects the surrogate, you think it wll also
effect the true clinical outcone.

So the key thing here is that all
mechani sns of action of the intervention on the true
endpoi nt are nedi ated through the surrogate. But
even in this setting, the effect of the intervention
on the true outcone could be underestimated if there's
a lot of neasurement error in the surrogate. That's
not a varied situation, but it does arise sonetines.

The other extrene is also very conmon. You
can get overestimation of the effect on the clinica
outcone if the surrogate effect is not of sufficient
size or duration. And the key issue here is whether
the effect of the drug mght be transient or whether
it will be mintained long term anong the patients
taking the drug. So these problens can arise even
when the effect on the surrogate is statistically
significant.

Now in practice, surrogates fail for
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multiple reasons. And here's an illustration of one
situation where it may fail. You' ve got the
intervention effecting the true outcone via the
surrogate. You've also got inportant pathways by
which the disease effects the true clinical outcone,
which aren't effected by the intervention. So the
value of this surrogate in this setting will depend
upon the relative inportance of these different
pat hways, the ones which are affected by the
intervention versus the ones which aren't affected by
the intervention.

Here's anot her situation where the
intervention actually effects the pathway which
doesn't involve the surrogate. And in this sort of
circunstance, if you rely upon the surrogate endpoint
for evaluating the drug, you'll mss the true val ue of
that drug on the true clinical outcone.

And here's one exanple of a disease, CGD
where there's a high risk of serious infections,
recurrent infections. A clinical trial was undertaken
to evaluate one particular intervention, interferon

gamma. And those the surrogate endpoints or potential
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surrogate endpoints in this setting were superoxide
production and the ability to kill bacteria, so things
which are relatively easy to neasure

But there was enough uncertainty about the
val ue of these surrogate endpoints that a large scale
clinical outcone study was done where the recurrence
serious infections was the key endpoint in the trial
And in this particular trial they found a very
dramatic effect on the true clinical outconme, but
essentially no effect on the biological markers.

So this would suggest either the markers
were just not sensitive to the effects of the drug or
there were other inportant causal pathways relating
the disease to the true clinical outcone, which the
intervention actually effected.

So a key thing to appreciate is that if
regul atory approval is based upon these surrogates,
then that's going to focus throughout the evaluation
on those surrogates. And if these surrogates are poor
then there's a possibility that you will mss drugs
whi ch have inportant effects on the true clinical

out cone.
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In practice, things are much nore conpl ex.
You'll have not only the potential effect of the
intervention on the pathway nediated by the surrogate,
you nmay have an effect on other pathways which aren't
counted by the surrogate that you' re neasuring. And
you may have direct effects of the intervention on the
true clinical outcone.

So in this setting the value of the
surrogate is potentially unpredictable, and here's an
exanple fromthe cholesterol literature. Here are two
clinical trials which both effected chol esterol |evels
in roughly the same magnitude, so about just under a
ten percent reduction in cholesterol levels in both
trials.

The true clinical outcone of interest was
all-cause nortality. You can see in one trial there
was essentially no difference. In the other trial
there was actually an adverse effect on all-cause
nortality associated with the cholesterol |owering
drug.

So, this is despite the fact that if you

| ook at the cardiovascular-specific nortality, there
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does seem to be effects of the active drugs on that
subset of deaths. So this would indicate that there
are indeed either direct effects of the active drug on
nmortality and/or conpeting causal pathways which are
effected by the intervention in an unpredictable
manner .

Anot her exanple of a failed surrogate, and
this is the classic one that's often cited, is anti-
arrhythmc drugs which were widely used or prescribed
post-MI. to prevent sudden death. When a clinical
trial was actually undertaken to evaluate these drugs
with respect to their effect on nortality, it was
found these anti-arrhythmc drugs actually tripled the
nortality rate relative to placebo. So al t hough they
had their intended effect on arrhythmas, the effect
on the clinical endpoint of greater interest was
clearly adverse.

I'd like to finish with another exanple
from the cardiovascular literature. And this |ooks at
bl ockages of the coronary artery |leading to nyocardi al
i nfarctions. And the idea here was to evaluate the

TIM flow, which is a neasure of flow through the
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artery. And |'ve categorized it sinply as conplete
flow versus no or partial flow

And here are the results from one
particular trial, which conpared streptokinase to TPA
And you can see that the TPA increased the proportion
of patients that have conplete flow and al so decreased
nortalities, so you mght anticipate that it's a good
surrogat e.

Then another trial was done to evaluate
RPA, a new drug, versus TPA And you see a certain
slightly smaller effect on the surrogate. So you
m ght anticipate that there wll be a beneficial
effect on nortality. But when a large trial was done
to evaluate the effect on nortality, we found
essentially no difference.

So although the surrogate had been
predictive of the clinical effect in one trial, when
it was taken to a different drug conparison it fail ed.

So in terns of the benefits and risks of
using surrogate endpoints, the benefits have already
mentioned. Cearly, we can do snaller and shorter

clinical trials that will nake drugs avail abl e sooner.



10

11

12

13

14

15

16

17

18

19

20

21

22

48

The risks of the drugs that are approved wll have
unknown effects on significant patient- relevant
clinical outcones. And the approval focused on the
effects on surrogates could nean that «clinically
effective drugs are mssed if the causal pathways are
not wel | under st ood.

And it's inportant to appreciate that
ultimately drug approval based upon the effects on a
surrogate involves an extrapol ation of experience with
existing drugs to untested new drugs. Non-
extrapolation wll alnost certainly nean that there
will be an increased risk that drugs that are |icensed
could have no mninmum effects or even potentially
adverse effects on the patient-rel evant out cones.

So mnimzing this really requires a very
t horough wunderstanding of the causal pathways for
di sease effects on the trust clinical outcones as well
as a simlar wunderstanding about the intended and
uni ntended effects of all of the interventions, not
just past interventions but future ones as well on the
surrogate and the clinical outcone.

And you need enpirical evidence to support
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the validity of the surrogate. And I'Il talk a bit
nore about that |ater.

Thank you.

CHAl RPERSON KAWAS:  Thank you, Dr. Hughes.

W now have tinme for sone questions for
Dr. Hughes or Dr. De Carli.

DR WOLF: | would like to ask Dr. De
Carli, your studies were devoted to functional -- I'm
sorry, to anatomcal information. Dd you also do any
function studies and cognitive studies in order to
correlate to what extent age was the only variable,
and you indicated in your presentation and | realize
it was a very short presentation, but were there also
function studies that you're requiring to follow those
patients to have a better view of, not only how the
anatomcal information is changing, but how the
function information is changi ng?

DR De CARLI: Yes, that's a very good
question. Thank you.

Yes, we did -- | think the wultimte
functional test we did neuropsychology. And so wth

brain changes we do see a decrease in sone nenory
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functions and cognitive functions not only across the
age spectrum but also changing within. So within the
very brief period of tinme that they were observed
there were relationships between brain volunme and
general performance in cognition.

So we are seei ng t hat . And,
unfortunately, as Dr. Katz is remnding us, we're only
see it one direction. If your brain is shrinking, so
your point is going down. And the thought is, of
course, is that we want to nodify underlying processes
and see if those people with underlying risk factors--
for exanple, cerebrovascular disease, which we know

there are proven treatnments for, may alter those

changes.

Does that answer your question?

CHAI RPERSON KAWAS:  Thank you

Pl ease?

DR PROVENZALE: | have a question for Dr.
De Carli. H. You nicely pointed out the differences

in brain volunme changes in young at risk and young non
at risk individuals. It appears from what you' ve

shown us that if we studied a popul ation conprised of
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-- if we didn't identify the individuals who were at
ri sk and conbined non at risk individuals wth at risk
individuals we mght mask or mss the effect of a
drug. So do you advocate as part of drug trials
targeting specific populations in that manner?

DR De CARLI: VWll, | think that,
particularly in settings where you have a drug that
you're looking at for primary prevention, | think that
woul d be the focus of your study. You would take high
risk individuals in which you were | ooking for themto
progress onto a particular endpoint, be that mld
cognitive inpairnent in an aging cohort or denentia in
a cohort wth mld cognitive inpairnment already

present. And so, yes.

But | want to caution you that that data
is very prelimnary. It does coincide with sonme of
the PET data that will be discussed, | believe, today
and does support sone of that data. But | still would

enphasi ze that the sum total of nunber of individua
studied, if you conbine all studies available, are
less than a 100. And you mght gather that | have a

suspi ci on of anythi ng under 1000.



10

11

12

13

14

15

16

17

18

19

20

21

22

52

CHAl RPERSON KAWAS: Dr. Tenpl e?

DR TEMPLE: This for Dr. Hughes.

Wul d you distinguish at all between what
one maght call anatomc surrogates and functional
surrogates? One intuitively feels that if you really
have a good view of the anatony, if that seens better

But | just wondered if you had any comments on that.

And then the other question |I had -- or
it's really a cooment -- that surrogates fail for two
potential reasons which are fundanentally different.
One is that you were wong about the relationship and
the other is that the drug did something bad in
addition to whatever the good thing was. |[|'ve always
t hought encai dide and flecainide reflected the latter.

They' re obviously drug were obviously pro-arrhythmc,
so whatever good they m ght have done was overwhel ned
by the fact that they were lethal. | wondered if you
wanted to coment on that.

DR HUGHES: In ternms of the first
question that you raised, | don't think there's a
fundanental difference between how you woul d approach

the validation of surrogate dependi ng upon whet her the
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type of neasure that it involves.

| think what that may effect is the type
of study that you do to understand the basic science,
the clinical rationale for the surrogate. But in
terns of the types of enpirical evidence that you
woul d collect to validate the surrogate, | don't think
you shoul d have any effect.

CHAl RPERSON KAWAS: Dr. Van Bell e?

DR VAN BELLE: (One comment to Dr. Hughes.
| tend to agree with your remarks, and | think you'll
see that later on. | think the correlation wth the
clinical entity is a necessary condition, but not
sufficient. And | think we'll get into the
sufficiency argunents | ater on.

| have a question to Dr. De Carli in terns
of the neasurenent error of the total brain vol une.
From your graph you had in your presentations, | tend
to see regression towards the nean. In other words,
that people with very high brain volunme initially
tended to decrease and those with very low brain
volume tended to increase a little bit. Can you give

me sonme idea as to what the neasurenent error isS in
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this particular case? Thank you.

DR De CARLI: Yes. | think that will be
di scussed in detail by some of ny other colleagues.
But in this very sinple separate analysis, and this
wasn't very sophisticated, the inter-class correlation
for different raters on repeated neasures is |ess than
one percent. But that's a substantial anmount when
you're tal king about a brain volunme that's 1200 cc's.

But in a population, | remnd you. In a
popul ation these effects can be seen quite easily.

CHAI RPERSON KAWAS:  Dr. Fogel ?

DR FOGEL: Yes. This question is for Dr.
Hughes.

| wanted to find out in the framework of
the surrogate, how is side effects, for lack of a
better term factored into all of this in terns of
true clinical outcone? And what | nean by that is,
say, you have an anti-hypertensive drug and the
endpoint, if you will, is decrease in cardiovascul ar
di sease, yet this anti-hypertensive at the sane tine
causes depression. Do you consider that a successful

surrogate or a failed surrogate?
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DR HUGHES: I think the cholesterol-
| owering exanples | gave were a good exanple of that.
| f you | ooked at t he cardi ovascul ar-specific
nortality, then you saw beneficial effects in both
trials. Wen you |ooked at all-cause nortality, you
see no effect or an adverse effect. So that suggests
that there are adverse nechani sns of action

M/ own feeling is that one big issue is
what is the true clinical outcone in drug eval uation.
And that may be particularly hard in A zheiner's
Disease to think about. And there may be adverse
effects on that true clinical outcone that could be
due to the intervention. And in that setting clearly
any validation of the surrogate endpoint will capture
the potential for adverse effects. But | think there
is always the possibility that there wll be
significant adverse effects which aren't captured
within the true clinical outcone. And | think their
standard approaches is for evaluating those adverse
effects needs to go in parallel wth approaches for
evaluating the effects of the intervention of the

surrogat e endpoi nt.
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DR FOGEL: Wll, | guess ny question
really is, though, that if the study is designed to
decrease cardiovascular nortality, say, and instead
the study finds that there was a decrease in
cardi ovascular nortality but there wasn't any change
in all-cause nortality, how does one expect a
surrogate endpoint to actually take into account all-
cause nortality when, specifically, it's designed for
a decrease in cardiovascular nortality. In other
words, it seens that true clinical outconme in this
framework is lunping everything. You know, how does
the patient ultimately do in everything when the
clinical trial is really just designed to decrease --
and |'m just wusing cardiovascular nortality as an
exanple -- cardiovascular nortality and that's what
the surrogate is basically being designed for, picked
for, used for. But yet in this framework it's being
considered as a failed surrogate even though it was
not really designed to do all-cause?

DR HUGHES: Vell, | guess ny opinion is
that when you're trying to design a surrogate endpoint

you should focus it on the very specific true clinica
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outconme that you're interested in, so the disease
speci fic outcone. And only if you're very uncertain
about what the true clinical outcone should be should
you consi der broader classes of true clinical outcone.

So in the cardiovascular setting, if
you're sufficiently wuncertain about the potential
mechani sns of action of interventions that you m ght
be eval uating, then it m ght be inportant to
understand how a surrogate fits in with a broader
class of true clinical outcones, including all-cause
nortality. But | think the primary goal should really
be to pick a surrogate which is validated in the
context of the clinical outcones, which are disease
specific and |eave the adverse effects of drugs as a
separate issue which is routinely evaluated in
clinical trials.

DR FOCEL: So the cholesterol exanple
then given that definition would have been a
successf ul surrogate because it decr eased
cardi ovascul ar but was neutral on everything el se?

DR HUGHES: Yes. And | think the reason

those large trials were done was there was sufficient
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uncertainty about how those drugs worked that all-
cause nortality was thought to be a nore appropriate
outconme neasure. And, in fact, all-cause nortality is
si npl er to neasur e and t he ef f ect to t he
cardi ovascular nortality would be the very dom nant
conponent of all-cause nortality.

DR FOGEL: Thank you.

DR VAN BELLE: | have a question for Dr.
Katz. We've defined surrogate, but we haven't really
defined clinical outcone as to what is desirable.

Does the FDA have, kind of, a catalog of
what constitutes clinical outcomes so that it can know
what constitutes the clinical outconme? And the second
part of that question is do surrogates sonetines
becone clinical outconmes?

DR KATZ: Wll, there is no catalog of
clinical out cones. But I t hi nk as general |l y
understood, it's a measure of direct patient either
functioning or subjective sensation of their synptons,
depending upon what the condition is that vyou're
treating or sone objective neasure directly of how the

patient is doing.
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As soneone pointed out, it's a neasure
that's relevant to the patient, him or herself, as
opposed to a | aboratory neasure. Blood pressure is of
no relevance to a patient in terns of how they feel or
how they're functioning unless it's very, very |low or
very, very high

And the second part was, do surrogates
every becone clinical outconmes? Wat are you thinking
of specifically?

DR VAN BELLE: Vell, | was thinking on
the context of, you know, blood pressure, where
certainly action is taken to |ower blood pressure and
clinical action is taken just on the basis of blood
pressure readings.

DR KATZ: You nean in terns of practice?

Wl |, sure obviously sonetines clinical interventions
are enployed entirely on the basis of |aboratory --
drugs are stopped because sonebody's liver functions
are el evated. So in that sense, | suppose. But for
the purposes of a clinical trial, clinical outcones I
would say are what we typically would use to assess

the drug's effect. Cinical outcones of the sort |
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defined earlier.

CHAl RPERSON KAWAS: Dr. Tenpl e?

DR TEMPLE: But the surrogate never
becones the clinical outcone. W use it freely and
confortably, but it's never the clinical outcone for,
if no other reason, that you can never know that the
drug doesn't have sone unpl easant side effect that you
were not able to anticipate.

So if you do a blood pressure trial on 200
peopl e, that doesn't tell you about a risk of one in a
1,000 of sonething nasty. So it can never be perfect.

W use them because we don't think those effects are
l'ikely.

I guess | want to nake one other
observation that clinical benefit is not free of the
same risks. One of the great exanples sonetines given
of surrogate failures is the failure of severa

classes of drugs to treat heart failure to predict

favorabl e out cone. In fact, none of those drugs were
consi dered useful potentially because of their
surrogate effects. They all inproved synptons of heart

failure, but they were nonethel ess | ethal because they
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did sonething else. And the sane problem exists
whenever you use a surrogate; you just have to coll ect
enough data to reassure yourself on that point. But
the surrogate never neasures the other things the drug
mght do. It can't. Because you're not |ooking at
t hose.

CHAlI RPERSON KAWAS:  Thank you

Dr. Wlinsky and Dr. Sorensen, the |ast
two questi ons.

DR WOLI NSKY: So I don't know if this
should be directed to Dr. Hughes or Dr. Tenple or Dr.
Kat z. But if the surrogate is basically to help
facilitate getting answers nore quickly that should be
predictive of the clinical outcone, how do we feel
confortabl e about the safety issues if the trials are
shortened by the effects on the surrogate?

DR KATZ: Wll, that's a real question.
Were always -- for drugs to be given chronic --

DR WOLINSKY: | wanted a real answer.

DR KATZ: That, too, was a fair question.

Well, certainly for drugs to be giving

chronically we are interested in know ng what the |ong
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term effects are, the adverse effects of chronic
treatnent. And typically we would want that. Now,
again, it's possible depending upon the nature of the
t r eat nent or the proposed indication and the
inportance of it, it's possible a drug could be
approved wthout very much long term adverse event
dat a.

On the other hand, adverse event data can
be obtained -- often is obtained in the long termin
uncontrolled settings, which is easier and sort of
qui cker to do. So there are ways to get that data.

Your point is well taken that if we have
to do long term studies to get safety data, why
wouldn't we want to do the long term effectiveness
studies as well and look at the actual clinical
outcone. But there are nechanisns if you really
thought it was inportant enough to get this drug out
there right away, we could have a mninal anount of
| ong term effectiveness dat a Wi th, per haps,
requirenents in Phase IV to get nore. And, again, you
can get them in settings that are |ess onerous than

long termcontrolled trials.
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DR WOLI NSKY: Do we have good exanpl es of
rigorous Phase |V requirenents for safety, as opposed
to appropriate recognition by clinicians in the field
of events that seem to be occurring at too high a
frequency and that type of surveillance?

CHAl RPERSON KAWAS: Dr. Tenpl e?

DR TEMPLE Vell, sure, there are sone
wonder ful exanpl es. Chol esterol -1 owering drugs, as
you just saw, the early ones had great difficulty
show ng any benefit, perhaps because of a fluke or
perhaps because they did something bad. But the
statens, all of which were approved on the basis of
| owering of cholesterol have, at least in four out of
si x cases, shown unequivocal major benefit in |ong
term studies without nmuch evidence of a downside that
was sufficient to outweigh that. So those are really
unequi vocal .

There's also a massive anmount of data on
vari ous bl ood pressure drugs.

| just want to observe that sonetines you
can get your safety information from other settings.

So, for exanple as people have pointed out, there
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wasn't, maybe until recently, any study that showed
that ACE inhibitors were actually good for you when
you took them to l|ower your blood pressure. On the
other hand, there's probably a couple of hundred
t housand people random zed to trials in heart failure
and other conditions. And in all of those there didn't
seem to be any harm So that mght reassure you that
when vyou wuse them to treat blood pressure, you
shoul dn't worry too nuch.

So a lot depends on what else you know
about the drug from perhaps, other sources.

DR WOLI NSKY: I think the question was
actually a little bit nore pointed, and that is, |
think the studies that you' ve nentioned, which are
very remarkabl e studies, were not necessarily Phase IV
requirenents.

DR TEMPLE: They were Phase |V agreenents
in many cases, and it was before there could be
requirenents. And there's sonme question about whether
outside  of accel erated approval you can have
requi renents. But often people have been interested in

doing it. So the big cholesterol studies were done by
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conpani es that had agreed to try to do them

DR KATZ: There are also exanples of
drugs which have been approved on the base of
relatively small safety sanples, but for which there
are registries in place in whhich post-marketing
t hrough  which or in which addi ti onal safety
information can be gotten for periods of tine. So
t here are exanpl es.

CHAI RPERSON KAWAS: Dr. Sorensen, and then

we'l|l nove on.

DR SORENSEN:  Yes, | have a question for
Dr. Hughes. Dr. Hughes, | think you nmade the point
that if you are |ooking at unknown, i.e, a surrogate,

there's nore risk than a known and presunably there's
sonme potenti al opportunity for benefit or the
regul ations wouldn't have been nodified to allow for
t hat .

My question for you is are there any
biostatistical tools to put error bars around the
sizes of those risks? In other words, is there sone
way we can get a handle as we Ilisten to these

presentations about how good these surrogates are and
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to get a sense for the goodness or the badness of that
and what inpact that may have on potential benefits or
| ack of benefit if we were to use that surrogate?

DR HUGES: | guess |I'm going to talk
about |ater about validating surrogates, but one of
the things that you can get out of those validation
procedures 1is sonme concept of how reliable the
surrogate is, at least in the previous studies that
have been done. | think the big unknown is whether
the future study, future intervention fits in well
with the previous interventions that you' ve studied.

DR SORENSEN: It seened like in the
briefing material there sone discussion about
statisti cal tools to actually adjust for t he
di fference between the surrogates you're using and the
known outconme. And | don't want a biostatistical
lecture, 1'm just trying to figure out if there are
sonme accepted tools that you mght guide us through,
maybe in your tal k about that.

DR HUGHES: Wll, certainly you can
estimate various neasures which capture surrogacy and

you can put confidence intervals on those and you can
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use those as a guide to howreliable the surrogate is.

CHAlI RPERSON KAWAS:  Thank you

W now have a block of speakers who wll
be tal king about volunetric MR and related subjects.
And for the first one, Dr. difford Jack.

DR JACK: First, thank you for inviting
me to speak. I"'m going to talk about structural M
as a bi omarker of di sease progression.

And 1'd like to begin by returning to a
point that was raised initially by D. Katz, and
that's that it's straightforward, but it's inportant
to keep in mnd the distinction between validating a
mar ker of therapeutic efficacy versus validating a
mar ker of di sease progression. In the absence of a
positive disease-nodifying therapeutic trial, | don't
t hi nk anyone can cone up with evidence validating the
efficacy of an imaging marker of therapeutic efficacy.

On the other hand, we can nuster evidence for inaging
mar kers as neasures of disease progression. And nost
of us in the imaging world, | think, are confortable
wth the idea that indirect neasures of disease

progression can be validated, provided that there is a
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pl ausi ble biologic link between change in the nmarker
and progression of the disease itself and, if enough
enpirical studies, independent studies are provided
that produce a comon result, i.e., the neasured
tracks with di sease progression.

And what |1'mgoing to do here in the next
15 mnutes is to present four different studies that I
do think provide supporting evidence M nmarkers as
reasonabl e markers of disease progression, the first
of which was published a nunber of years now. The
objectives of this study were very sinple, and that
was to neasure the annualized rates of volune change
of the hippocanpus and tenporal horn from serial M
studies in cognitively normal elderly subjects and
people with A zheinmer's Disease and then to test the
hypot hesis that the rates were different.

Here are the tw structures that we
measured. The hi ppocanpus and the tenporal horn. The
end was small in this initial study, but patients and
controls were individually matched on age, sex and
education, so those variables should not confound the

results.
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And here were the results. The annualized
rate of atrophy of the hippocanpus was 1.6 percent per
year in normal controls, and in cases it was greater
than twice that. The annualized rate of the expansion
of the tenporal horn was 6.2 percent in controls and
in cases nore than twi ce that. These nunbers are
negative, reflecting the shrinkage of the brain; these
nunbers are positive representing expansion of the
brain -- expansion of the CSF spaces.

So our conclusion at this point was that
this was a reasonable first step in that we did
observe the expected differences in rates between
patients and controls, but it didn't prove that, at a
nore fundanental level, that changes in inmaging
tracked or matched changes in clinical status in these
patients.

And that was the topic of this next study,
which was to test the hypothesis that a change on
imaging, i.e., in this case rates of change of
hi ppocanpal atrophy over tine from serial M natched
clinical change. And we used the clinical transition

or lack thereof as the gold standard neasure of
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clinical progression.

And | realize now that | should have put a
slide in here describing mld cognitive inpairnent.
For those of you who aren't famliar with the concept
of MJ or mld cognitive inpairnent, it is an
internediate stage between cognitive normality and
Al zheiner's D sease and nost are all patients who
eventual ly develop Al zheinmer's D sease will go through
a phase of mld cognitive inpairnment nearly always in
menory alone or nenory-isolated type inpairnment. And
we can use, and others have used, this transition type
analysis from normality to the category of mld
cognitive inpairnent and on to Al zheiner's D sease as
clinical neasures of disease progression. It
elimnates the reliance on a signal cognitive neasure
which, as I'lIl show later on, those can go up or down.

In this study we recruited a 129 subjects
from our ADRC and ADPR grants which net criteria at
baseline for either normal controls, mld cognitive
inmpairment or Alzheinmer's D sease. The controls and
MCl patients could either remain cognitive stable or

could decline. And this creates five clinical groups:
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I ndi vidual s who are normal at baseline and who remnain
stable; individuals who are normal at baseline but
then who decline to MJ or AD, MI patients at
basel i ne who are stable or those who decline to AD.

And one can see that the age and the MVSE
scores for each of these key parallelized conparisons,
normal stable versus normal decliner, were equivalent.

Sane thing for MI stable, MIJ decliner; age at
baseline and MVSE score were equivalent. So, again,
t hese shoul d not serve as confoundi ng vari abl es.

And here were the results. One can see
that the annualized rate of hippocanpal atrophy of
normals who declined to either MIJI or AD was
substantially greater than that of normals who
remai ned stable. The annualized rate of atrophy for
MZl's who declined was substantially greater than that
of Mis who renained stable. And this rate was very
simlar to patients who started out with Al zheiner's
D sease.

So the conclusion fromthis study was that
the rates of hippocanpal atrophy did indeed natch the

change in cognitive status over tine. And we took this
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as sone neasure of validation of the change of M
vol ume as a marker of di sease progression

A next question, one mght ask, is what
about different techniques or different rate --
different brain neasures. The question addressed in
this study was, are sone techniques better neasures
than others of disease progression and is there stage
specificity. So the objective of this study then was
to conpare the annualized rates of atrophy by
technique, and 1'll describe different techniques,
anong six different groups this tine: nor mal - st abl e,
normal - converter, M -stable, MJ-converter and then
AD- sl ow progressor, versus AD-fast progressor. This is
defined on the annualized rate of change and the Mni -
Ment al score.

W neasured four structures: hippocanpus,
entorhinal cortex, whole brain and ventricle. 1"l
skip over these for the sake of tine.

Because this data -- we were warned not to
show anything that hasn't been published yet, so sone
of the nunbers here have been blanked out in this

slide. But, what can you do.
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If you look at these conparisons here,
normal stable versus nornmal converter, and these are
the four different neasures of interest: whole brain,
ventricle, hippocanmpus and entorhinal cortex. You can
see that anong normal converters the rate of change,
annual i zed rates of change, are greater than those in
the normal-stables for each one of these four
neasur es.

Conme down to this parallelized conparison
MCl -stabl e versus M -converter; again the annualized
rates of atrophy for the converters are greater for
each of the neasures and then AD-slow progressor
versus AD-fast progressor, these sanme results.

A reasonable question to ask then is do
some of these neasures perform better than others and
is there sonme stage-specific sensitivity. And to
address this question we use this netric, which is the
difference in the nean rates between this group versus
this group, for exanple, divided by the pool of
variance. And if we then look at these four different
paral l elized comparison in rates with respect to the

different neasures, one can see that these three do
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perform better than this one for this stage, i.e.,
nor mal - st abl e versus normal - converter distinction.

For M, again there seens to be a clear
wi nner, and that's the hippocanpal neasurenent. For
AD- sl ow progressor versus fast-progressor and nornal -
stabl e versus AD-fast progressor this neasure seens to
be the best perforner.

So from this we conclude again that
structural MR rates do seem to consistently follow
expected correlations with clinical transition. And
there does appear to be sonme stage specificity or
difference in the sensitivity of these different
measurenents at different stages of the disease.

The last study I'll describe was a nulti-
site study. The first three studies | described were
all derived from a single site. Any sort of a
clinical trial, however, wll be run via a multi-site
approach. And so one can reasonably ask the question,
can you get data that nakes sense from nulti-sites.
And the data that I'l|l describe here was based on the
M| am | ene st udy.

The Mlamlene study was originally
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designed as a 52 week controlled trial of the this
muscarini ¢ receptor agonist. The therapeutic arm of
the trial itself, however, was not conpleted due to a
projected |lack of efficacy on on interim analysis, but
the MR armof the study was allowed to continue.

A total of 192 subjects from 38 different
centers then ultimately underwent two different M
studies separated by one year and we neasured
hi ppocanpal and tenporal horn vol une rates.

This kind of study generates a |ot of
data, and I wll only show 2 slides of actual data
These are the actual change data in five different
measur es. The ADAS-Cog was the prinmary outcone
nmeasur e. MMWE and GBS were clinical/behavior
ancillary neasures. And then these are the inmaging
measures that were also used as ancillary nmeasures in
this study.

These are the annual raw change for each
of these neasures in their appropriate units, annua
percent change and then this colum is, perhaps, the
one that's the nost interest. So this is the

proportion of the group that wound up declining on the
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neasur e.

Now, again, all these people had mld to
noderate Al zheiner's D sease, and so theoretically
everyone of them should have declined because the
di sease was indeed progressing over this year period
in every individual in the study. But you can see
that the proportion of individuals who actually
declined on the neasure, it was only about two-thirds
of the subjects on these neasures, particularly this
one which is the nmeasure that's used in Al zheiner's
trial.

Contrast that then wth the inmaging
neasures where decline was nmuch nore consistently
seen, particularly wth the hippocanpus where
essentially all people declined. An inprovenent in
performance theoretically represents or can only
represent an error in the neasure.

| f one does power calculations based on a
50 percent effect size, i.e., a 50 percent rate
reduction over one year using these data, these are
the data that we got. You can see that the estinated

sanpl e size requirenents are substantially greater for



10

11

12

13

14

15

16

17

18

19

20

21

22

77

the cognitive neasures than they are for the inmaging
nmeasures. And this is entirely due to the nuch greater
variance in the clinical/behavioral measures versus
t he i magi ng neasures.

So fromthis study we then concluded that
the technical feasibility of doing a nmulti-site tria
with structural MRI atrophy rate neasures was
docunented. It was vali dated.

The decline over time was nmuch nore
consistently seen with imaging than w th behavioral
nmeasures. And finally, due to nmuch greater variance in
rates for behavioral neasures versus inmagi ng neasures,
the sanple sizes required were substantially greater
for the behavioral cognitive neasures.

This is the last slide I'll show, then,
just to conclude by returning to the original comrent
that | nmade. And that is that in the absence of a
positive therapeutic trial, a true disease-nodifying
trial that incorporated imaging, the best available
evi dence that we can nuster supporting the validity of
MRl as a bionmarker of progression is nultiple natura

hi story st udi es t hat consi stently denonstrate



10

11

12

13

14

15

16

17

18

19

20

21

22

78

concordant MRl and clinical change.

I'd Iike to acknowl edge the Aging
Institute for ongoing support of our program at Myo,
the nmenbers of our ADRC and ADPR grants, particularly
Ron Petersen, ny long tinme colleague and col | aborat or
who was the principal investigator of both of these
grants. These three individuals of Parke-Davis that
allowed the M portion of the Mlamlene study to
continue, even after the therapeutic trial itself was
stopped. And these individuals fromny ow |aboratory.

Thank you.

CHAl RPERSON KAWAS: Dr. Jack, just for
clarification, could I ask a quick question? \Wat's
the definition of decline on the ADAS-Cog? |If two-
thirds declined, do you nean two-thirds declined one
point or nore or two-thirds declined 4 points or nore?

DR JACK: Any decli ne.

CHAI RPERSON KAWAS: (One poi nt was enough?

DR JACK:  Yes.

CHAI RPERSON KAWAS: So only two out of
three people in that trial even declined one point on

the ADAS-Cog in 52 weeks?
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DR JACK: One or nore. So that statistic
just represents a positive change.

CHAlI RPERSON KAWAS:  Thanks.

Qur next speaker on the series is Dr.
Cecil Charles. Ch, |I'm sorry. Dr. N ck Fox. 1%
apol ogi es.

DR FOX Thank you very much. | think
it's a great honor to be invited over here, and | do
apol ogi ze if anyone has any trouble understanding ny
accent .

|'m tal king about rates of atrophy and in
particular and try and follow on from sone of the
ot her speakers.

Just to give an overview of what |'m going
to talk about, I'mgoing to talk about -- address the
relationship of atrophy rates, the pathological and
clinical progression in treated patients; it's the
natural history points that Aifford Jack just nade.
|"m going to address the issue of disease nodification
versus synptomatic effect and then try and nove on to
the crucial question of whether or not it's reasonably

likely that atrophy rate change would project clinica
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benefit in treated patients. And that is very nuch
related to this final point, is that the possibility
that atrophy rates mght be uncoupled from clinical
benefit and how one mght protect against that
possibility if you mght do so.

Ckay. Just going back to the pathol ogy for
a nmonent, Alzheinmer's D sease is characterized by the
accumul ation of tangles, pl aques, synapse | o0ss,
dendritic pruning and cell loss and atrophy. And that
is an inexorable, inevitable, characteristic, defining
feature of the disease. And the relationship between
atrophy and cell |oss has been docunented by severa
people, not nmy own work, where one has |ooked at a
| oss of hippocanpal neurons and regional atrophy in
t he hi ppocanpus in other studies.

Now, what can volunetric MR address of

these, | would argue, core conmponents of pathol ogy?
Wll, it can look at atrophy rates, and 1'll talk
about that.

First of all, what can we understand about
the progression of the disease? \Well, what | show

here in this first panel is an individual who has just



10

11

12

13

14

15

16

17

18

19

20

21

22

81

presented with Al zheiner's Disease, clinical probable
AD, so mldly effected. Then there's a further M
scan 18 nonths later, and then a third another 18
months | ater. So a three year interval here. And
what 1'd like to point out, which is really just a
pictorial description of Aifford Jack has just shown,
which is this devastating |loss of volune within the
hi ppocanpus here. But |1'd also like to point out that
what we see, if you 1look at the wventricular
enl argenent here, the sulcal enlargenent, the Sylvian
fissures here, that the disease is a region-specific
progression from entorhinal cortexes on to hippocanpus
and on to new cortical areas but this process is well
established even when people present to us in the
clinic.

The technique which sone of the results
l|"m now going to show, I'm not going to go into the
nmet hodol ogi cal details it relies upon. Regi strati on,
that is positional matching taking a first brain scan,
and super inposing a second brain scan very precisely
upon it so you in effect fuse the two sets of data in

t he sane spacial framework. You can then automatically
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subtract those images, produce different inmages and
create a direct neasure of change in volunme fromthose
di fferent inmages.

And just to show that descriptively here,
the first scan here, sonebody with mld cognitive
inpairment. And then what you see there is the
progression over one year. And just go back for a
nonent, you can see the ventricular enlargenent, the
hi ppocanpal | oss.

Now, in Al zheiner's D sease, again, we can
actually visualize the change. This is addressing the
poi nt about whether or not there is a signal there, is
there sonmething that we could neasure. | think the
answer is yes both in a region and a gl obal way.

What does this translate to? This is,
again, these are old published data. Now this is
| ooking at early onset Al zheiner's D sease show ng the
rate of whole brain atrophy in age-matched controls
with early onset. Al zheiner's D sease showing a very
significant difference that's associated wth the
di sease in terns of rate of brain volune |oss.

Now, |'ve just struck these slides in
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while I was waiting, so I'msorry they're not in your
handout. But to address one of the questions that was
rai sed about the precision of neasurenents, this is a
test in reproducibility using this test. It's a rea

test in that it's scan/rescan. So individuals had a
first scan, then a year later they had two scans on
the sanme day. And we | ooked at what the rate of whole
brain atrophy going fromA to B was when conpared to A
to C, which would expect to be very simlar.

From that you can see there's a good
correl ation, and one can get a neasure of the error in
t hat neasurenent. And we have unpublished data, which
is why it can't be shown here, with larger nunbers
essentially show ng the sane thing; which is renenber
that the whole brain volunme is about 1200 cc's,
typically in these patients. This is a .1 to .2
percent error.

Does that correlate with clinical decline?

Vell, yes it does. Shown here, rate of brain |oss
agai nst rate of many nental state exam nation scores.

Are these changes consistent over tine?

Wll, this is a group that have been prospectively
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followed in a naturalistic way. And this is an
ongoi ng study with nultiple short interval scans.

This is looking at some of the 6 nonth
data showing 2.2 percent in the A zheiner's group with
a standard deviation of 1.4 About .5 plus mnus .8 in
the controls. That's over 6 nonths.

The sane individuals at one year show a
very simlar rate, but the variance is comng down,
addressing this issue of feasibility and neasurenent
of clinical neaningful change.

Now, if we turn to the individual we can
show that within the individual that the neasurenents
are sensitive enough to track change wthin an
individual and that the changes in nornmal aging are
very different to that seen in Al zheiner's D sease.
This is percentage of brain relative to the initial
scan.

Does it predict clinical outcone? Wll,
one group that we | ooked at was with individuals wth
a famly history of Al zheiner's D sease. So these are
individuals at risk by virtue by either a known single

gene nmutation or strong famly history.
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This is the normal aging change, which
fits with ny colleague's data, which he showed a
monment ago, which is that whether its physiological
and neasurenent error, there's quite a spread in the
changes with just two tine points in terns of rate of
atrophy. And this is all based upon two scans.

|'d like you to look at this mddl e col um
here. These are individuals colum here. These are
individuals who are risk, again who just had two
scans, and then who had been followed for 3 or 4 years
followng the second of those scans. Those
i ndividuals who renmained well over that tinme period
had these rates of atrophy and those who becane
clinically effected in the followup period a
significantly greater rate of atrophy.

Now, I'd like you to |look at this | owest
poi nt here, which I wll now show you in nore detail
what then happened to that individual. So this is her
serial imaging from 1993 to 1997 registered. In red
you'll see the progressive loss of brain tissue or
signal on the scans. So the early rate of atrophy that

you saw in that shot was related to this pre-
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synptomati c peri od her e, whi ch t hen slowy
accelerates. But | think what this shows it gives you
sone sort of measure of some of the errors within the
nmeasurenent, but also the inexorable nature of the
decl i ne.

That is a regional specific effect, and |
won't go into the details, but the bottom pictures
here are based on a technique called fluid
registration. And in green you' |l see areas which have
the highest rate of atrophy on a local basis. So this
is that sane individual showing the progression from
pre-synptomati c change here effecting the hi ppocanpus,
becom ng nore profound in the hippocanpus, and then
becomng nore wdespread by the tine they're
clinically effected.

So, just to summarize what | said so far
| think that pathological evidence shows that atrophy
progression untreated AD inexorable correlates wth
cell loss. I think MR based neasures are reliable and
sensitive to change, at least at the <clinically
meani ngful | evel.

Now to address sort of what the neat of
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what we're discussing here. W can say that rates of
cerebral atrophy both from the previous speakers and
ny data, | think, are increased in Al zheiner's
D sease. They do predict conversion to Al zheiner's
D sease either from MJ or from famlial cases at
risk. Those rates of atrophy correlate with clinica
decl i ne. And I'd |like to suggest t hat it's
biologically plausible that regional specific atrophy
reflects pathol ogical and clinical progression.

Is this a disease-nodification effect or a
synptomatic benefit? Well, | think that the issues
relating to staggered start or staggered w thdrawal
are simlar. Is benefit sustained; are all disease
effects nodified? And one of the defining features of
that is whether or not you're on the causal path, as
it's been described, which is probably related to
whet her you're near the causal end of the process as
wel | .

So | think that we suggest that these
measures are feasible, they're sensitive, they're
clinically neaningful arcing and changes seem to be

correlated. But can change in one happen wthout
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change in the other? The issue of a change in the
surrogate is both a necessary and a sufficient
condition for the clinical outcone.

Vell, can one put forward a nodel that
suggests that that seens reasonably likely? Well, it
would seem to ne the destruction of our neural
networks is very closely related to cognitive decline
and death. And that pathol ogical process acts through
t hat destruction

But could volune change and thereby
at r ophy rates occur wi t hout t hat neur onal
construction? \Well, yes, it could. Because neurons
are not the sole determnative of cerebral volune.
| nf |l ammat i on, hydration, osnmotic effects, protein
deposition can all change volune w thout changing the
nunber or size of neurons.

For exanple, we've shown that henodi al ysis
can be associated with a three percent cerebral vol une
change over one day. So that's a worry. | would say,
therefore, that neuronal changes are neither necessary
nor sufficient to produce volune change. However, |

think progressive volunme loss is nore likely, nore
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reasonably likely to be related to progression
neuronal loss. So | would suggest one would require
two or nore inmaging tinme points, perhaps nmany nore,
including if possible scans of treatnent.

So 1'd Ilike to suggest t hat it's
reasonably likely that a neasure of slowed neuronal
| oss would predict clinical outcone. In fact, ny whole
nodel of how the pathology works in this disease is
that if we could slow loss of brain cells, we would
slow the clinical outcone, and that slowng would
constitute di sease nodification.

| think it is reasonably likely that a slowed
rate of neuronal |oss would result in reduced atrophy
rates or, the converse, that reduced atrophy rates in
a properly constructed design would probably or
reasonably reflect a slowed rate of neuronal | oss.
And if that reduction in atrophy rate followed both
the region and tinme related pattern of pathology, so
not just two scans which could be a purely a drug
presence effect, but several scans in |ooking both at
regional and global changes, then it would be

reasonable to conclude that the clinical outconme is
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likely to be inproved.

So, that's just a summary. Atrophy rates
correl ate. Causality is plausible and it may be
reasonable again with appropriate study design, to
suggest this predictive power. However , di sease
nmodi fying drugs are required to strengthen that |ink.

Thank you.

CHAI RPERSON KAWAS:  Thank you, Dr. Fox.

Now | think our next speaker is Dr. Ceci
Charl es.

DR CHARLES: This talk could be called
the devil's in the details talk. I'"'m not going to
show you any inmages, but talk a little bit about sone
of the issues if you're going to use inmaging.

I'd like to also thank Dr. Mani for
inviting ne.

Basically, one of the things that you' ve
already heard sone information and you're going to
hear other tal ks tal king about inmaging, and what we're
tal king about here is quantitative inmaging. And the
first thing | want to do is really kind of talk a

little bit about what that neans, particularly in the
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context of quantitative inmaging as opposed to what we
nmost normally think of as clinical imaging on sone of
the issues related to the inmaging protocols, issues of
how you nonitor these things in the nmulti-center tria
and issues of analysis. And in the information that
was sent out there was sone information on how one
m ght cross validate different anal ysis techni ques.
There's sort of an interesting question

that arises as we've tried to do this, is what is
quantitative imaging and how is it different from
what's done everyday by radiologists in the clinica
field? Vell, if you think about clinical inmaging,
nmost clinical I maging protocols are set up to
visualize a disease, visualize a lesion or detect it,
and it alnost always has a radiologic interpretation
A radiol ogi st |ooks at those inmages either on filmor
on a conputer and has an output which is generally
words to rule in or rule out this diagnosis. And
certainly in this country they're going to have a
primary, secondary, and tertiary diagnosis to make
sure everything is covered.

What you've been hearing here then is
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something a little bit different, and that's in
guantitative imaging we're going to try to extract
tissue characteristics of some kind from sone i naging
paraneter, whether it's MA, MRS, PET, whatever. And
we're going to take that information and using sone
kind of algorithm you ve already seen sone exanples
of how information goes from inmages back to nunbers,
and we're going to use this algorithm to basically
extract nunbers.

And the reason we want to extract nunbers
is because we want to be able to incorporate it in
hypot hesi s testing. So it's the difference between
| ooki ng at di agnosis and | ooking at effect nonitoring.

Wiy does this matter? Well, it matters
because the people that build these inmaging devices,
basically build them for this stuff over here. And
this is sonething that's not really set up in the
initial specifications or the design criteria for
these kinds of systens. And it requires a little extra
care if you're going to use them for quantitative
i magi ng.

Is there a use for clinical imaging in
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trials? Wll, often tinmes in many of these trials
there will be imagings particularly for Al zheiner's
Disease to rule out criteria, so there nmay be an
inclusion or exclusion criteria. And that screening
scan may not be done by a quantitative inmaging
protocol. So, subsequent inmaging sessions are really
going to have to be quantitative.
So what are the things that you can do
with quantitative imaging? Wll, you ve heard about a
lot of them and one of the things that's nice about
these techniques, especially magnetic resonance, is
there are a lot of things that we can test. |It's kind
of the Swmss Arny knife of imaging in that sense.
If we think about quantitative i maging,
t hough, one of the first things we have to deal wth
is study protocol design. W're nowtrying to extract
quantitative information so the way that we set up our
scan protocol is going to be intrinsically different.
Data quality, as has already been alluded to in these
studies, Dr. Jack talked about the issues of doing
this in nulti-center trials, data quality is an issue.

If the scan quality is not very good, then you' re not
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going to be able to anal yze the data.

There's a lot of practical issues that |
won't dwell on very long; data format issues, how data
is cleaned rigorously and prospectively with criteria
that are stated at the beginning of the study. Dr.
Fox has already talked about data registration in
serial studies. Fortunately we don't have to force
people's heads into particular positions because the
conputer can take care of that after the fact. And
there are many kinds of analytical protocols that can
be used. You ve already seen sone exanples of both
tracing techniques, of boundary shift techniques,
fluid mechanical registration, and there are a |ot of
them for extracting these quantitative information and
ultimately the data's got to archived, which is
certainly sonething that's becom ng nore interesting.

Wen we set out to look at these kinds of
quantitative studies we try to work from the endpoi nt
and say if we know how we're going to analyze the
data, what can we do in defining the protocol to nake
it easier for the analysis algorithm especially with

magneti c resonance because we can change a l|ot of
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paraneters to change how the image appears and
m nimze certain kinds of artifacts.

W really also want to nmaximze this sort
-- it should go without saying, but it doesn't always
-- we want to nmaximze the anount of information
content per unit tine. W wuse in our lab a
determnistic figure of nerit where we sinply | ook at
the contract to noise ratio per unit resolution unit
time when we're conparing different scan protocols.
And the goal is to increase that figure of nerit. And
then you use that as, in fact, as a nechanism for
testing the variance in your analysis algorithm
Because at the end of the day we can't change the
effect size of a treatnent, but we can work to
decrease the variance both in the acquisition of the
data and the anal ysis of the data.

And, of course, because we're working with
human subjects, patient confort and conpliance is an
issue. If they don't come back for the second scan,
then it really doesn't work very well.

It's already been suggested that you can

do this across multiple sites. Dr. Jack has certainly
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done a study. If you're going to do this across
sites, there's a lot of issues in imaging protocol
cross-validation. You my wrk on different scan
protocols, different scanning systens, you may work
with different manufacturers. And even wthin
manuf acturers because there's different software and
har dwar e pl at f or s, you're going to have to
rationalize the nonenclature so that when vyou're
talking to a technol ogist running on brand S or brand
G or brand P, and all the other brands, you're saying
the right thing to the right person or they won't
actual ly know what you're tal king about.

Your site training needs to be uniform and
uniform in the sense that, again, it has to be
tailored to the particular manufacturer. Sonme peopl e
call a technique one nane and ot her manufacturers call
it a different nane, even though it's the sane
physi cs.

Retrain wth wupgrades. 1In long trials
people are continually upgrading these scanners and
essentially watching this data as it's comng in in

real time to nake sure that the protocols are being
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adhered to and that the scan quality is good.

Quality assessnent's got to be
guantitative, signal to noise ratio. Looking at issues
like notion artifacts, which are very problematic in
elderly patients, we wuse quantitative criteria,
clutter to noise, to nake that decision. And then
these are cut off points for rejection based on the
analysis algorithm Sone algorithns are nore or |ess
sensitive to artifacts. And that's sonething, again,
you can define prospectively.

Protocol adherence, the obvious kinds of
t hi ngs.

And then system performance, and this gets
back to the comment | nade earlier that these things
are designed to do clinical imging and issues of
spatial fidelity are a significant issue if you're
going to neasure the kind of brain volunme changes that
Dr. Fox and Dr. Jack have tal ked about, and you'll
hear nore from other speakers. If you' re |ooking at
clinical images and the field of view is 23
centineters or 24 centineters, it's not going to have

a significant inpact on a radiologist's interpretation
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of diagnoses or detection of disease. If you're trying
to neasure hi ppocanpal volune, on the other hand, it's
a serious issue. So adherence to spatial fidelity is
sonmething that has to be looked at and it's not
sonething that the manufacturers currently address at
the level that we need in this kind of imaging.

So, I ncom ng dat a formats. That's
changing, it's getting better wwth DICOM formats, but
there's still a lot of issue with varying nedia
formats. You can't assunme that everything' s just going
to be easily readable when it cones to your |ab.
There's all kinds of proprietary formats, and then
there's also a lot of local formats, noncommercial PAC
systens that have been devel oped. And these are nore
an irritation for anyone trying to deal with this data
centrally, but it is one of the things that you have
to deal wth.

Data storage format, DICOM is really a
data transm ssion standard. It's unfortunately
becomng a file format standard and it |ooks |ike any
file format standard that was developed in the '80s

and ultimately, hopefully wll inprove it a bit. But
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there are alternate standards that different |abs use,
and all kinds of standards that are out there. So
there are many ways to store the data.

Data cleaning really has to be done wth
sonme prospective criteria of QC. You'd like to get
rescans, if possible. If a patient noves and you get
that data, if you can get them back in in a certain
time wi ndow, because you want to mnimze, again, |ost
dat a.

The data rejection has got to be on sone
quantitative basis, not just oh, this data |ooks bad.

The clutter to noise exceeded a certain level, the
signal to noise was not high enough and that's why you
reject the data. And you notify the site and try to
get the person back

' mnot going to speak too nuch about data
registration. Dr. Fox has already addressed it. You
want to mnimze positioning errors in the protocol
W always use immobilizers to mnimze patient notion
and to make it confortable for the patient to hold
still. Not trying to put them in any specific

orientation, but letting them find a confortable
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position and use an immobilizer to try to keep their
head there, and that tends to work very successfully.
And as Dr. Fox pointed out, you can register serial
scans in the conputer. So with the conputational
algorithnms that are there, you can mnimze these
probl ens.

And, again, even with on-site training,
good technologists and so on there wll be sone
m sal i gnment and the conputer can help us with that.

Anal ysis, well fromthe way we think about
this, you need sone perspective criteria of what
you're |looking at because the analysis is going to
drive how you define your scan protocol. You want to
optimze sone type of figure nerit, like | mentioned.
You want to optimze your quality control criteria to
mat ch the needs of your algorithm In some cases you
may find that sonme algorithns are going to be nore
sensitive to these artifacts, and you need to address
t hat .

And, of cour se, standard operating
procedures. |If there's any user interaction, if it's

not a fully automated conputational algorithm vyou're
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still going to have to deal with replicate analysis to
address drift and look for an interrater variability.
And you also will do this with conputer algorithns,
it's just easier there.

Archival is really going to be driven by
the needs of the sponsoring agencies, and that's sort
of an open questi on.

Central consolidation, replicate archiva
in different places, and at the coordinating center.
An interesting question here is we're getting to very
large data sets in sone cases. And even though we
think about things |like CD ROVE and DVDs having very
good reproducability, when you start talking about 5
or 6 terabytes of data, errors in one in 50,000
actually becone pretty significant when you want to
read that. So, duplicate, triplicate archival is going
to be an interesting issue as we continue to |ook at
these | arge data sets.

So basically in these kinds of things if
there's a central coordinating center, it needs to
have a close relationship with the sponsor, with the

imaging sites also to nmake sure that the inaging sites
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are really involved in the study. In many cases the
imaging sites sinply are seeing these people cone
t hrough. They're not necessarily part of the
treatnment study and getting them sort of cognizant of
why they're doing this so it's not just pushing the
data through can be quite an issue.

Ongoi ng QC and qual ity assurance.

Blinded quantitative data analysis and
with replicate analysis is critical. And to the extent
that there are regulations that address this, of
course regul atory conpli ance.

Thank you.

CHAI RPERSON KAWAS:  Thank you.

And our final speaker for this sessions is
Dr. Mchael G undman.

DR, GRUNDMVAN.  Thank you.

So I'd like to address a clinical trial
that we're doing, the mld cognitive inpairnment trial
that the Al zheiner's Di sease Cooperative Study is
doi ng. And we're using MR as a potential surrogate
mar ker in that study.

MIld cognitive inpairnent, as alluded to
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earlier, is a transitional phase between normal aging
and Al zheinmer's D sease, and on a typical cognitive
nmeasure such as the MVBE, patients with a mld
cognitive inpairnent generally perform at around a 27
to 28 range and decline at less than 1 point per year,
conpared to Al zheiner's patients who decline at 2 to 3
to 4 points per year

Again, mld cognitive inpairment, the
clinical key criteria, in our study patients need to
have a nenory conplaint which is verified by an
informant wth objective nenory inpairnent. They
generally have normal cognition other than nenory and
generally normal daily function.

Questi on: Wy are we looking at mld
cognitive inpairnment in our clinical trial? To begin
with, part of the notivation for this is because we're
trying to do a prevention study so we can delay the
onset of Al zheiner's D sease. And previously we've
showmn in analyses from our clinical trial sites
show ng that patients who have MC decline to AD at a
much faster rate than normal controls, that way we can

do this clinical trial with fewer subjects.
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The clinical trial basically is designed
as follows: W have 3 treatnent arns, one wth
Vitamin E, one with Donepezil, one with placebo. W
recruit the patients who have a nenory inpairnent. And
the goal of the study is to see whether or not one of
these two agents can delay the clinical onset of
Al zhei ner's D sease over 3 years.

This is sonme of the details of the study.
The doses of the agents involved. The study
objectives, again, as | nentioned to prevent the
devel opnent of Al zheiner's D sease, to slow decline on
cognition and function and to see whether or not the
agents mght reduce the rate of atrophy on MRI. It's
a 3 year trial, 769 participants with 69 centers in
t he US and Canada.

The baseline ADAS Cog in MI subjects in
our study is around 11 points. This conpares to a
normal control group that we're simlarly follow ng
that has an ADAS Cog score of around 5. In other AD
trials that we've done with our consortium where the
ADAS Cog scores typically in the | ow 20s.

So, we're looking at several different
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potential M outcone neasures, but one that we've
| ooked at so far or that we're trying to assess is the
rol e of hippocanpal atrophy since earlier studies have
shown that it seens to be affected very early in AD
pat hol ogy and contributes to the nenory inpairnent.

So you've seen diff Jack's data before,
whi ch shows that patients who are normal controls have
lower rates of hippocanpal atrophy per annum than
patients who are MI, who are stable, who are
decliners and then who have AD. And you can see that
this mght simlarly parallel the decline that we saw
earlier on the MVBE so that the rates of normal, the
rates in MJ and the rates of AD are all sonmewhat
different and in parallel to what you mght see on a
cogni tive measure.

So the MRIs that we're doing in our study,
we're doing them at baseline in a subset of the
subjects, so there were 193. And then we're also
| ooking at another scan at the tine that the patients
devel op Al zheiner's Di sease or they conplete the study
if they haven't devel oped Al zheiner's D sease. And we

have a nunber of second scans, and this nunber is
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increasing, but so far it represents only a subset. So
' mnot going to discuss the foll owup scans yet.

So the specific neuroinmaging hypotheses
related to the hippocanpus are that the hippocanpal
volume at baseline will correlate with the cognitive
and functional neasures, that it wll predict who wll
develop AD, that the rate of volunme loss nmay be
greater in patients who decline clinically, and that
the therapies mght be useful in predicting which
patients are going to decline.

So the first point from the baseline data
which I think we've shown and published, is that the
menory scores correlate with the hippocanpal vol une.
This is just one exanple of the NYU Del ayed Paragraph
Recal|l Scores. And you can see that in patients wth
the small est hippocanpal volunes the scores on there,
t he nunber correct, were |ower than the nunber correct
in the patients at baseline who had the highest
hi ppocanpal vol unes.

The other thing that seens to be apparent
is that the hippocanpal volune at baseline also seens

to predict a conversion to AD and changing clinica
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nmeasur es. The trial isn't conpleted yet, but the
prelimnary data that we have thus far suggests that
people, if you just divided the group into hippocanpal
volune; the top half of the group versus the
hi ppocanpal volune of the |lower half of the |ower half
of the group, you can see that the people in the top
half of the group are declining, developing AD at a
| ower rate than the people who were in the bottom half
of the hi ppocanpal vol une.

Simlarly, you <can see that on the
clinical denmentia rating sum of boxes, we have a
simlar effect where the people in the bottom half of
hi ppocanpal volune are increasing at a nore rapid -- |
shouldn't say at a nore rapid rate, but they're --
over the course of two years they've reached a higher
score, a worse clinical function than the people in

t he | ower hi ppocanpal vol une.

So it was nentioned before what the
optimal characteristics of a surrogate marker m ght
be, specifically that the rate of hippocanpal change

correlate with the outcone neasures, that it captures
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its "net effect,” and that it would be really nice if
we could get the surrogate marker to show that it has
an effect before the clinical decline or failure so
that we could do shorter studies.

And ideally what we'd like to see is a
close relationship between the rate of brain atrophy
and the rate of clinical decline. And then we'd like a
treatnent that affects both of these things and is
tightly linked to do that.

And so how mght we actually do this in
our trial? The plan would be to | ook at the sl opes of
decline in hippocanpal volunme or in whole brain
measures over the period of the study. Take these
slopes and then see whether or not the slopes show
less rapid rate of decline in the nonconverters than
in the converters. And then after we've done that, to
see whether or not the treatnent can also denonstrate
a slower rate of decline than in the placebo group.

So brain atrophy, | think we've shown so
far that the hippocanpal volune is a good predictor of
clinical outcone at this point, but it's possible that

the brain atrophy may not always be a great surrogate
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mar ker. For exanple, brain atrophy could occur due to
wei ght | oss or dehydration, and that could contribute
to hi ppocanpal atrophy. This was a clinical study
that we did at our Al zheiner's D sease Research Center
show ng that body mass index correlates wth nesial
tenporal cortex volunme in both nen and wonen. W
publ i shed this several years ago. So this is just one
indicator that there could be other factors besides
potentially neuronal loss, for exanple body weight,
that mght also contribute to brain vol une.

The ot her possibility is that t he
intervention may reduce the rate of brain atrophy and
not inprove the clinical outcone. So it could be, as
Dr. Katz pointed out earlier, that agents that
increase brain water or had an inflammatory response
could lead to sone type of brain swelling but not
necessarily alter the «clinical synptons of the
di sease

It's also possible that you could have an
agent which reduced anyloid, and assum ng that anyloid
takes up sone space, it could actually accelerate the

rate of brain atrophy but at the sane tine reduce the
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toxic effects of the brain anyloid. So at least in
the short run it's conceivable, at least to nme, that
you mght actually see an acceleration of the brain
atrophy even though the drug m ght be doing sonething
good.

What el se?

So t he ot her t hi ng S t hat t he
i ntervention, in many cases Yyou could have a
synptomatic agent which could inprove the clinical
outconme, but not effect the rate of brain atrophy,
And cholinesterase inhibitors are a good exanple of
t hat . So if we relied only on a surrogate outcone
measure, we mght discard drugs that are good.

And then, of course, adverse events could
occur that despite the fact that we see a beneficial
effect on the surrogate which mght ultimtely make
the drug ineffective.

And so | think hippocanpal atrophy and
brain atrophy both seemto be tightly correlated with
clinical decline, but if we relied only on brain
atrophy in the absence of clinical data, | think we

shoul d be cauti ous about that.
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Ohn the other hand, if we could show
slowing of decline in addition to decline on clinica
nmeasures wth a good safety profile, then slow ng of
brain atrophy mght support disease nodification
claim

And then finally, if we could do sone
clinical trials and we showed that the MR data for
specific agents correlated with both the clinical
outconme and the rate on hi ppocanpal atrophy, then it's
possible that we <could use that information in
subsequent trials if we were to require tw drug
trials for two pivotal trials. For exanple, maybe we
could accelerate that process and rely on the
surrogate data in a subsequent trial and not
necessarily require that all the clinical data be
obt ai ned.

And 1'll stop there. Thank you.

CHAl RPERSON KAWAS: | want to thank all
t he speakers for their excellent presentations and for
keeping to tinme.

The floor is now open for questions. Dr.

Fogel ?
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DR FOGEL: Yes. This question is for Dr.
Jack. It?s actually a coment and a question. The
four trials, the four studies that you nentioned, |
guess in Dr. Hughes' framework would be nore along the
lines of a prognostic marker rather than a surrogate
since there was no intervention?

And | guess the other question that | had
was in one of the slides you said -- summarized in a
nunber of the studies that the decline in inmaging was
nore  consi stent than the behavi or al cognitive
nmeasur es. And the behavioral cognitive measures
sounds like it would be the clinical outconme and the
imaging is the surrogate or potential surrogate. So
would that nean that that it wouldn't be in your
opinion a good potential surrogate since it's out of
proportion to the cognitive behavior?

DR JACK: (Good question. No, | wouldn't
say -- out of proportion maybe is not the right
phr ase. Wat's really happening is that neurons are
dying and synapses are evaporating in the brains of
t hese patients. The question is what is the best

nmeasure of that pathol ogic process.
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Is it a list learning, or you know a
different cognitive test, or is it a neasure of actua
brai n anat ony. In point of fact, in the studies you
were alluding to, every one of those patients their
brains were shrinking but yet some of them stayed the
sane or inproved on these cognitive neasures. That has
to represent test error or retest variability. It
can't possibly represent what's really going on
pathologically in the brains of these patients.

The imaging neasures sinply, | wouldn't
say, were out of proportion to the clinical neasures.
They were both trending in the sane direction;
downward, but they just did so nore consistently
across a |large group of people.

DR FOCGEL: I"'m not a neurologist, but
couldn't you be having the plasticity of the brain and
the neurons formng nore efficient synapses and have
the volunme decreasing while their cognitive function
either stays the sane or inproves?

DR JACK: It's possible, but the way the
di sease works is the cells die, synapses die away and

people's cognition in general goes down. I nean, |



10

11

12

13

14

15

16

17

18

19

20

21

22

114

suppose it's possible for synapses to regrow or
what ever, but --

DR FOGEL: Vel |, I mean  as a
pediatrician, we see a lot of kids who get totally
devast at ed when they?re born and we see their brains on
MR and it's incredible how nuch matter is lost. And
yet you see themat 3, 4 years old and they could be
nearly devel opnentally normal. | know that plasticity
is different in children than they are in adults, but
| also know that there are sone plasticity that's been
touted in adults as well.

DR JACK Agr eed. | mean, you know, I
think the issue of is there plasticity; if so, how
much, how does it work and in adults is maybe not
controversial, but poorly wunderstood. Certainly
there's nmuch greater plasticity, no one would argue,
in children than there is in adults. And, you know, |
guess the key question here is to the degree to which
there is plasticity, there is the capacity for brain
repair in adults, can that rate keep up with the rate
of pat hol ogi ¢ progression?

The natural history of the disease would
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suggest that in nost cases it can't. In all cases it

can't.

DR FOGEL: Thank you.

CHAI RPERSON KAWAS: Dr. Katz?

DR KATZ: Yes, | have a question for Dr.
Fox.

You suggested that progression in atrophy
is reasonably likely to be a reflection of progressive
neuronal |oss. But we are here concerned, obviously,
with drug effects and what drug effects on what
appears to be atrophy on an MRI mght actually nean.
So, would it be your view that a drug which induced a
beneficial change in what appears to be atrophy could
essentially only be due to an action of preserving
normal Iy functional neurons?

DR FOX No. The "only" is a crucial
word in that question. Absolutely not. It could be
due to a nultiplicity of conpletely spurious causes.

But that's not -- only is a different |evel of proof
to reasonably likely.

CHAl RPERSON KAWAS: Actually, 1 have a

question that maybe is for all of the speakers, but
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perhaps Dr. Fox could start out.

| think that we all pretty nmuch are aware
and agree with the data that hippocanpal atrophy is
associated wth AD. W all agree that it seens to
progress with the disease. But the piece of evidence
that I'd love to hear from each speaker, they think is
t he best piece of evidence that suggests that stopping
that atrophy wll have a clinical effect on the
patient.

It seemed to nme when we got to that part
of the discussion, then everyone started talking about
reasonably likely and biologically plausible and
seenred to ne, and you know hair color and aging
tracks. But dying one's hair doesn't necessarily do
anyt hi ng for aging.

What is the evidence that doing sonething
to stop hippocanpal atrophy will actually do sonething
for the patient?

DR FOX I think since we've never
managed to -- to ny know edge, since we've never
managed to slow disease progression in Al zheiner's

Disease, | don't think there's any way to provide, as
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you say, evidence. Isn't that the only evidence that
you will have?

| don't know whet her sonebody wants to --

DR VWEINER | haven't been a speaker yet,
but I would just add to that that there is quite a bit
of data already correlating hippocanpal volunme wth
neuronal counts in the hippocanpus. So | think it's
fair to say that there's a |lot of established evidence
that as the hippocanpus shrink it's because of
neuronal loss. So if you had a treatnent that slowed
the rate of hippocanpal shrinkage, one could infer
that that was due to slowing of rate of neuronal | oss,
but it could be do to other things like --

CHAI RPERSON  KAWAS: But it also infers,
t hough, that the neurons are worKking.

DR VEINER  Correct.

CHAlI RPERSON KAWAS:  Dr. Penn?

DR PENN | was very intrigued by what
| ooked |ike a statistically significant effect on a
nunber of your patients actually gaining hippocanpal
volune during the study, nore than one would Ilikely

see just because of variation in the data. And this
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brings ne back to an exanple of a drug that's been
shown to increase atrophy and then you withdraw it,
and the brain comes back. And that's some work | did
with Peter Carland in Canada 15 years ago wth
alcohol. It's very well established that if you drink
a lot, your brain shrinks, and if you stop drinking
your brain grows back, and the cognitive function
follows those changes in brain size. That was done
with CI and very primtive conpared to the
measurenents you' re now doing. But there are exanples
of a surrogate marker where we do have a change that
very much goes along with the pathol ogy.

So, what I'mwondering is are we obligated
to ook for those confounding variables in the patient
popul ation; that is nutritional status, alcohol, other
things that m ght change hi ppocanpal size when we're
doing these snaller studies on patients wth
Al zhei ner's D sease?

That's a question, sort of.

CHAI RPERSON KAWAS: Anyone in particul ar?
Who do you want to direct the question to, Dr. Penn?

DR PENN: Vell, Dr. Fox, he looks like
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he's nodding and off to sleep or sonething.

CHAI RPERSON KAWAS: Dr. Fox, you've got
the fl oor.

DR. FOX: The nodding is just an
unfortunate trenor, |'msure.

| didn't show data on hippocanpal vol une
change, but | do think that your exanple of alcohol is
well taken. | think henodialysis as | showed, if you
changed the gases that people inhale, if you give
people diuretics, all these things can change brain
volune. And | think it is inportant that any study
woul d | ook at other factors that m ght be confounders,
but also | think it's very inportant that you | ook at
the tine course of the progression to try and see
whether or not you' ve got a continuing effect on
progression as opposed to a sinple drug effect. |
think that's inportant.

DR JACK Let ne address two of those.
First of all, in natural history trials the only way
any of these alcohol or whatever are going to have an
effect is if there is a bias in your study, and that

is that if your control population has a different
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rate of alcoholism or different rate of dialysis
patients, or whatever, than your patient popul ation.

Wth respect to a drug trial, | nean I
think everyone here agrees that it is possible for a
drug to dehydrate the brain or hydrate the brain, and
that in turn wll produce volune changes that are
unrel ated to any functional benefit.

The easy answer to the question, though, |
think NNck was alluding this, is to at the end of the
trial take people off drugs and determne if the drug
produced a sustained change in brain volunme that was
not seen in the placebo group.

CHAl RPERSON KAWAS: Dr. Love?

DR LOVE: Yes. Thank you.

This question is for Dr. Charles. You
di scussed a nunber of very practical approaches to an
i magi ng  protocol that you would recommend for
i ncl usi on. I woul d | magi ne  you are speaking
prospectively in developnental studies. Could vyou
identify which ones of those you think are nost
critical in an imaging protocol going forward? And

| ooking retrospectively if you were |ooking at the
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literature, which key things would you look for in
those articles to be sure the protocol wouldn't
i ntroduce too nmuch noi se?

DR CHARLES: Vell, all of them are
inportant. Qtherw se you're just adding variance. I

mean, to the extent if you're |ooking retrospectively,

| think you have to sinply say -- and it'll show in
t he data. In other words, if the variance of the
nmeasure is higher, then that's likely due to

conbi nati ons of issues of the analytical algorithm as
wel|l potential issues with site-to-site variance.

For volunetric measures within a single
site that's well maintained, that works very well but
you also have to check that over tinme because we all
change our scanners over tine. And we've seen in
| ooking at our scanners at our institution that are
wel | rmaintained, variations as much as 3 percent of
the field of viewin one-year tine franes. And if you
don't correct for those, again you don't have to fix
them at the site, you just have to track themwth a
phantom so that you can correct the data after the

fact and know what's goi ng on.
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DR LOVE: Can | ask one related question
to that? Also you nentioned that the software that's
currently marketed may or nmay not be directly
relevant. What approaches would you recommend to
validate the software that's used across a multi-
center study that's an add on?

DR CHARLES: Vell, the software is okay
as it is up to a point. It's the conbination of the
software in the context that the goals of «clinical
imaging and the needs of clinical imaging are very
different fromwhat we're trying to do. So you have to
add sone additional materials like quality contro
phantons that naybe the manufacturers don't provide.
Particularly i f you're goi ng to go across
manuf acturer's boundaries, you can? easily conpare a
GE phantom to a Sienen's phantom to a Picker to a
Phillips, and all those other nanes so that no one
will say | said the wong guys.

But those kinds of things in spectroscopy,
you'll hear nore about MRS from other speakers, but
there where you're dealing wth very |low signal

| evels, the way that we do studies is we actually run
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a phantom at each setting. Because there's a l|ot of
things that cause NMR signals to vary and you want to
be able to track that over tinme. And you can renove
t hat vari ance.

| nean, just as we do repeated neasures
designs to help mnimze the inpact of biologic
variance, you've got to do sonething to deal wth
site-to-site and tinme variance with phantons.

CHAI RPERSON KAWAS: Dr. Kim and then Dr.
Sor ensen.

DR KIM This question also relates to a
little bit with what Dr. Love has alluded to. This
gquestion is going to be for Dr. Fox.

When you do your registration between the
i mages, the pre and the post or the before and after,
when you do correlation could you do sone sort of
normal i zi ng before you actually nmeasure your atrophy?

DR FOX If | understand you correctly,
is the question could you deal with sonme of those scan
adrift scaling changes or --

DR KIM Not just the drift, but there's

atrophy overall. How do you take it out, what is
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normal and what is di sease?

DR FOX You can adjust for head size.
For exanple, what is taken to be a rough neasure of
prenmorbid maxinmal brain size, nanely inter-cranial
vol une. One certainly can adjust for that. As we all
know t hat wonen are nore intelligent than nen, and yet
they have an inter-cranial volune which is 12 percent
smal |l er than nmen. So you can adjust for that. And when
you do that, you can for exanple find that whole brain
atrophy neasures are appropriately accounted for and
t hey match. You get rid of the gender difference by
inter-cranial volune correction.

Is that the question that you were asking
for?

DR KIM Yes. Because |I'm]looking for --
obviously nost of us are looking for small changes.
And | just wanted to nake sure that those snall
changes doesn't get covered by the overall change.

DR FOX Vll, | think nost inportantly
is that the power of followng the individual, the
changes within the individual are what matter not

changes between individuals. So what you have with a
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serial study is the perfect control, i.e., the person
t hensel ves.

DR KIM Ckay.

DR SCORENSEN: My question is for Drs.
Jack, Fox and G undman.

| nmean, it seened like Dr. Jack presented
one slide that indicated that in three out of the four
different groups of patients that he was |ooking at,
that ventricular volune was nore powerful or sone way
better than hippocanpal volune. And | think I've seen
that kind of data in the literature from other groups
as well. And yet the other two speakers focused
primarily, maybe not exclusively, but primarily on
hi ppocanpal volunme. |Is there a consensus anong the AD
imaging comunity as to, you know, sort of which
single volunetric neasure is the best one or is there
a hope for that consensus? O if there were going to
be a primary outcone of a trial, would it be, you
know, your five favorite volume neasurenments or is
there a single one that we would pick, or how would
you gui de us there?

DR JACK That's an excellent question,
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and the answer is that it's still unknown. And that is

an active area of research.

I nmean, the reason M chael showed
hi ppocanpal data is that -- for the trial that M chael
showed the data for. The way the software worked is

that you can neasure the volune of the hippocanpus or
the inter-cranial cortex with a single data point. Qur
software algorithmis very much -- actually it was a
knock off of N ck's boundary shift integral algorithm
and you need two different time points to put into the
front end of the algorithm So we won't have these
other data, the whole brain regional volunes, et
cetera, until both tine points have been acquired.

But your point's right on the noney; no

one really knows. And it's very -- the point of the
data that | was trying to show is that it's quite
probable that the best neasure wll vary wth the

stage of disease. So early on in the disease one woul d
suspect that neasures of nedial tenporal |oad atrophy
rates would be better, nore sensitive to progression
of the disease. Later on in the disease neasures that

were sensitive to atrophy in neocortical association
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areas would in turn be better neasures. | nean, that
makes sense but | don't think anyone has really worked
it all out yet.

DR FOX |"ve got very little to add to
what diff said, except that what one's trading off is
the amount of signal, which may change wth the
di sease. So nanely, if the nost in absolute terns
change was in an area, such as the hippocanpus or
entorhinal <cortex at a particular stage of the
disease, that has to be traded off wth the
nmeasurenent error or noise in that nmeasure, which
m ght be a physiological, it mght be a neasurenent
error of your technique.

And as diff said, the answer is not clear
yet, but also | think speaking from a personal
perspective, | would suggest if vyou' re |ooking at
probably a range of disease severities, because that's
very difficult to characterize anyway, that one shoul d
be | ooking at at |east a conbination of neasures. For
exanple, a regional and a global neasure. You can
choose your region, you can choose your gl obal.

CHAlI RPERSON KAWAS: Dr. Katz?
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DR KATZ: Yes, | just wanted to foll ow up
to Dr. Fox's response to ny question. O course, he's
right. | asked a | oaded question when | used the word
"only." But, of course, our standard is whether it's
reasonably likely that an effect seen on a surrogate
is going to predict the useful clinical outcone. And,
of course, that's going to be a personal judgnent, and
everybody's going to nmake that judgnent, | would
imagine, on the basis of they would bring different
information to bear.

So | would just second sonething that,
G audia, you said which is that if and when we get to
di scussi ng whether or not people think these things or
other facts we mght see on sone of these neasures are
reasonably likely to predict the clinical outcone of
interest, it would be very hel pful for us to know what
your individual personal bases were for deciding that
sonet hing was or was not reasonably |ikely.

CHAl RPERSON KAWAS:  Thank you. | want to
start out then by rephrasing ny question for all the
speakers. What piece of evidence makes you feel that

it is reasonably likely that the hippocanpal volune
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changes mght be relevant to the outcone of the

di sease?

Dr. De Carli?

DR De CARLI: Well, | think it's because
we understand the di sease process fairly well. |If you

accept the anyloid hypothesis that accretion of

anyloid in the interstitial space leads to toxicity,

neuronal injury and shrinkage, damage to neuronal
trees and then subsequently loss of neur onal
constituents that include axons; each of these

phenonenon contain space. Gkay? They're anatomcally
rel evant structures that we can neasure on M and
that have high correlation. That MR, the size of the
hi ppocanpus correlates with the anatony, both increase
in the pathol ogy and | oss of the tissue.

Now, it's --

CHAI RPERSON KAWAS: So to your mnd what

makes it mnost reasonably likely is just a strong
correlation between volume and disease, is that
correct?

DR De CARLI: What nekes it probable in

ny mnd is that it's part of the pathological -- it's
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t he di sease process. It's close to the end stage of
the disease process that you have the -- the
pat hophysiology of Al zheiner's D sease is neuronal
dysfunction followed by cell death. Now, structural
i maging cannot neasure neuronal dysfunction, but

functional imaging nay.

Second, however, is that that's followed
by neuronal <cell death which structural inmaging
nmeasures quite well. So since it's part of the

cascade, that if you stop or you interrupt cell death,
then you therefore would stop the atrophy process.

Now, does that nmean you couldn't have |ong
term inprovenent synptomatically wi t hout t hese
anat om cal changes? O course.

CHAl RPERSON KAWAS: Well, actually, the
guestion's nore the opposite.

DR De CARLI: R ght.

CHAI RPERSON KAWAS: Can you not have any
real inprovenent in the person even if you stopped
this change is really the concern? W all agree that
synptomatic therapy shouldn't change by definition.

But the question |I think we're grappling with now is
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if we stopped this atrophy w th whatever conpound in
what ever way, how confident do we feel that we wl
see that reflected in the outcone?

DR De CARLI: And ny short answer is |
feel very confident if it was involved in the cascade
of pathology, and that's what | think the imaging is
nmeasuri ng. So if you have sonething that you know
effects the cascade of pathology and you see this,
then ny confidence | evel would be extrenely high.

CHAlI RPERSON KAWAS: Does anyone else in
the group want to --

DR De CARLI: Anyone else want to stick
their neck out? This is a public hearing, go ahead.

CHAlI RPERSON KAWAS:  Yes. Yes.

DR FOX 1'dlike to sort of try and give
a sort of nore considered or sort of detailed answer
to Dr. -- not to your observation, but to ny previous
one, Charlie, which is Dr. Katz as well, which is your
point is very well taken. And | think for a start one
has to reasonably likely -- | nmean, are we talking
about -- are we all talking about 51 percent is one

I ssue. I think maybe one should Iook at what
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percentage one's |looking at for the reasonable
l'ikelihood. Cbviously, it'll be a guesstinate.

But | think that to any answer about t hat
reasonable |ikelihood or what pieces of evidence,
would have the caveats that | would want to see
pertinent information about the design of the study.
So a sustained effect. An effect that looks like it's
both regional and gl obal, an effect that has
mai nt ai ned beyond wi thdrawal of the drug and, as nmuch
as possible, of the confounders that are coped with or
adj usted for.

CHAlI RPERSON KAWAS:  Thank you

Dr. Tenpl e?

DR TEMPLE: | have what | guess is a
practical question. One of the things that nakes the
a surrogate start to look really good is a successful
drug. So people stopped worrying too nuch about bl ood
pressure once the VA did its studies. Nobody
remenbers this anynore, but prior to those studies
there was a huge debate about whether |owering blood
pressure was good for you or bad for you. The so

called New York School assured everyone that you'd
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have nore strokes and nore heart attacks if you
| owered blood pressure. That was not tenable anynore
once the VA did its studies.

As a practical matter it's hard for nme to
imagine trials that would not include a certain nunber
of clinical observations. | nean, we know you can show
effects on cognitive functions in studies of nodest
size with drugs that work only a very little bit. So
there's been success in t here. They're not
backbreaking trials, you can do them

So at least early on ny thought would be
that people would be studying at |east sone patients
who had observabl e di sease and conceivably there'd be
sonme interest in people who weren't sick yet. It's
that latter group where it would be tenpting,
suppose, to rely entirely on surrogate data. But
woul dn't rmuch of the support for doing that conme from
the fact that you' d been able to show sonmething in
peopl e with al r eady devel oped di sease, whi ch
historically, at least, doesn't seem that hard. Maybe
then after that additional clains or things |ike that

m ght be based on the surrogate finding.
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But are we really going to be |ooking at
case where there are no clinical data? That seens
unusual, except when you're trying to maybe stop
people who aren't sick yet, that's the one case where
you mght take a very long time to get real data and
m ght therefore want to rely on surrogate data only.
But just as a practical nmatter won't sone of the
confirmation that the surrogate is plausible conme from
the observed clinical effects in the people who are
already ill?

CHAl RPERSON KAWAS:  (Go for it.

DR VWEINER | think you've -- that's the
whol e point. Nobody is tal king about using inmaging as
a primary endpoint right now for these trials. At
| east, I've not heard any rational person say that we
should right now start wusing imaging as a prinmary
endpoi nt .

The role of imaging right now is going to
be to provide confirmatory evidence to the primry
endpoi nts of ADAS Cog and ot her confirmation

So when the Phase 11l clinical trials are

done, they wll be powered for ADAS Cog and other
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clinical endpoints. And | predict that imaging wll
be used as perhaps a subset of sone of those subjects
to provide, first, confirmatory data which s
inportant in the regulatory process. And, secondly,
the critical issue is whether or not the drugs have a
di sease nodifying effect. And it's very difficult in
the Al zheinmer's area when you're using ADAS Cog to
denonstrate di sease nodi fication with clinical
measur es al one. The only way to do it rigorously is
to do a randomzed wthdrawal or a random zed trial
which requires very large sanples, takes a long tine
and costs the conpanies a great deal of noney. There's
a lot of dropouts in these kinds of studies.

So, if one designed a Phase I1Il trial
powered for ADAS Cog to denonstrate a clinical effect
and used inmaging to denonstrate disease nodification,
that's | think the role of inaging. That is, if you
show that a drug slows the rate of cognitive decline,
the sanme time you show that the drug slowed the rate
of hi ppocanpal volunme loss, and finally if you show
that there was a correlation between the ADAS Cog

effect together wwth the effect on atrophy, that would
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be I think fairly conpelling evidence that your marker
is providing evidence for disease nodification. And I
think that's the current role in Phase IIIl trials.

CHAI RPERSON KAWAS: Dr. Katz?

DR KATZ: Yes. | think this discussion
is very good and very inportant, and certainly
sonething we need to hear. | think we may be having it
alittle early in the day. | know that Dr. Hughes is
going to talk again about validating surrogates;
think that's an inportant thing for people to hear,
whether or not a single trial wwth a single drug that
shows the correlation between clinical and inmaging is
sufficient to validate even that drug as having an
effect on progression is an outstanding question, |et
alone for that marker for the field in general.

So, | hate to cut off discussions, but I
think we maght profit nore from this after the
speakers have been heard.

CHAlI RPERSON KAWAS: Excel l ent. Thank you.
Thank you very nuch.

And in fact on that note, how about a 15

m nut e break
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(Whereupon, at 10:46 a.m a recess until
11: 08 a. m)

CHAI RPERSON KAWAS: Thank you, and we'l]l
be restarting. And now we will be noving to a section
on MR Spectroscopy and PET. And our first speaker is
Dr. Mchael Wi ner.

DR WEINER  Thank you very much.

|'m going to be tal king about the use of
MR spectroscopy and MI to neasure treatnent of
Al zhei ner' s Di sease and neur odegenerati on.

So what we need are inmaging surrogates
which are specific neasures of neurodegeneration.
W' ve been talking a |lot about that this norning. And
we also need sensitivity. W want to have nmaximum
statistical power to determne treatnent effects,
fundanental |y because the clinical neasures have so
much variability that huge nunbers of patients are
needed in order to determne treatnent effects. MR
spectroscopy, perfusion MR and structural MRl are all
candi dat es here.

Magnetic resonance, spectroscopy measures

metabolites in the brain and a netabolite called N
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acetyl aspartate or NAA which is |ocated al nost
solely in neurons has been thought to be a neasure of
neuronal nunber or density, which would be a good
measure of neurodegeneration, but it's also sensitive
to changes of neuronal netabolism And you'll hear
nore about that from other speakers.

Spect roscopy al so nmeasur e col on
metabolites, creatine nyo-inositol which wll also
tell you sonething about what's going on in the brain.

We have been using a nulti-slice nmagnetic
resonance spectroscopic inmaging technique illustrated
here where we display inmages of that normal nmarker
NAA, creatine and choline, and one gets spectra from
individual regions of interest as shown for exanple
here fromwhite matter or gray matter. This |arge PQ
represents N-acetyl aspartate, NAA

An exanple of the kind of data you get
from doing these studies, is this is a cross sectiona
study | ooking at about 40 patients in each group wth
healthy controls, Al zheiner's, subcortical ischemc
vascul ar denenti a, and patients wth cognitive

inmpairment. And what this slide shows is the NAA
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concentration in the hippocanpus and in the frontal
| obe in these four groups.

Now, in the hippocanpus you see the
heal thy controls have high levels of NAA It's reduced
quite substantially in A zheinmer's D sease. It's not
reduced as nuch as ischemc vascular denentia. And on
the cognitively inpaired subjects, it's reduced about
t he sane anount as the Al zheiner's patients.

On the other hand, if we look at the
frontal |obe, note that the patients with subcortica
ischemc vascular denentia have a nmuch |ower NAA
conpared even with the Al zheinmer's patients. And this
different pattern contrasts with what we see in the
hi ppocanpus where in Al zheiner's D sease the NAA is
| ower than in subcortical ischemc vascul ar denenti a.

So you can use spectroscopy to get
di fferent patterns of met abol i c change whi ch
characterize different diseases.

Now, in treatnment trials, of course, we
want to do |ongitudinal studies to determne treatnent
effects. And these are sone data from a relatively

smal|l sanple in our |lab showi ng changes of NAA shown
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here and choline shown here in controls cognitively
inpaired subjects and patients wth Al zheiner's
D sease. And what you see is the rate of change of
NAA in the Al zheinmer's patients in both the fronta
and parietal cortex are greater than those in controls
and that the cognitively inpaired patients have an
i nternedi ate rate of change.

Interestingly, choline is also show ng
changes in the Al zheiner's patients simlar to those
seen W th NAA

A nunber of studies have been published
usi ng longitudinal MR spectroscopy, and you' re going
to hear nore about this from the subsequent speakers,
but the nunber of studies were snall and | personally
believe that currently we really have insufficient
data concerning MRS as an outcone neasure for
| ongi tudinal studies and Al zheinmer's D sease. W just
don't have enough data to say whether or not
spectroscopy is going to be useful.

Now, another candidate is arterial spin
| abel ed perfusion M. This is the technique that

measur es cer ebr al bl ood fl ow in t he brai n
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quantitatively by magnetically | abeling the bl ood that
flows into the brain and then performng an inmage of
the brain which detects the rate of blood flow  And
these intervals of what these sort of images |ook |ike
in healthy elderly controls in patients wth
Al zheiner's Disease, and this is sone early data from
our lab showing in elderly control subjects the rate
of cerebral blood flow in the frontal, parietal
tenporal and occipital |obes show ng very substanti al
reductions of blood flow in Al zheinmer's D sease givVving
you the nagnitude of the decreases and the effect
Si ze. No one has done to our know edge | ongitudina
studies of arterial spin labeling in Al zheinmer's and
we have no idea whether or not this is going to be a
useful neasure in clinical trials. But this gives us
the kind of information you get from PET scanning. It
only takes 12 mnutes, so it's possible that this
could provide that kind of data wthin the context of
an MRl exam ne.

Structural M, we've been talking about
it, it has phase wvalidity as a neasure of

neur odegeneration. There are different neasures of
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brain atrophy. N ck Fox devel oped the boundary shift
interval method and diff Jack has tal ked to you about
t he hi ppocanpus. Data has been reported on different
groups of subjects and it's been hard to conpare
met hods, as we poi nted out.

W' ve done a study on 23 elderly controls
and 19 Al zheiner's patients who were studied with two
scans and with a nean interval of about 2 years. And
this gives the rate of change of the entorhina
cortex, the hippocanpus, several different measures of
t he boundary shift interval, the cortical neasure, the
ventricular nmeasure and the total brain atrophy
neasure. And this is a neasure of the rate of change
of the cortical gray matter neasured by segnentation

You can see that the controls have
relatively low rates on the order of one percent per
year. The Al zheiner's patients, depending on the
nmeasures, the entorhinal cortex, 7 percent per year, a
very high rate of atrophy. The hi ppocanpus about 6
percent per vyear. The whole brain neasures have
smal | er rates of change.

And the coefficient of variation of the
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Al zheiner's patients is shown here, and the
statistical power to neasure a treatnment effect in
Al zheiner's D sease roughl y scal es with t he
coefficient of variation. That is the variants in the
Al zhei mer' s popul ati on.

This is the beginning of what we need to
do for validation, that is this is the rate of atrophy
of entorhinal cortex shown in aqua or hippocanpus in
white plotted against the Delayed List Recall score
which is a neasure of nenory. And basically what this
shows is that patients with relatively good nenory
have low rates of atrophy. And the worse the nenory,
t he higher the rate of atrophy.

This is sonme rough cal cul ations of sanple
size for a 20 percent treatnent effect in one year
with different anmobunts of power, 80 percent power or
90 percent power or using a one tail or tw tal
statistic depending on your a priori hypothesis. And
this woul d be sanple size per arm

So what this shows is that for the
entorhi nal cortex and hi ppocanpus one can detect a 20

percent disease nodifying effect with sonmething on the
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order of 50 to 80 subjects per arm in one year.
That's a |ot nore power than you would have if you did
this using ADAS Cog. You' d need maybe two or three or
four tinmes that nunber of subjects.

This is a way to analyze the structural
i magi ng data using sonething called non-rigid
transformati ons where you take two scans at tine point
one and tinme point twd. And then using a conputer
program which essentially warps the scan from the
second time point back to the first tine point so that
every individual pixel in the MA is coregistered back
to the first tinme point. And this shows a picture of
the shape change that occurs between tine point one
and time point two; the blue showing contraction in
the cortex of the brain and the yell ow and red show ng
expansi on of the ventricles and the CSF.

This shows how you could do that sort of
war pi ng between tine point one and tine point two in a
whol e series of subjects, and then warp these change
maps to a common space so that one could essentially
have a neasure of change for a group of subjects. And

this conpares the changes in 55 cognitively nornal
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subjects with two scans versus 17 Al zheiner's patients
with two scans.

Note that the scales are quite different
because the Al zheiner's have so nuch greater rates of
change. The main point to make is the Al zheiner's
patients have nmuch nore change in the nedian tenporal
| obe region shown here, shown here and shown here than
you see in the controls. So we do have a pattern of
nore rapid contraction in the nmedian tenporal |obe in
Al zheiner's. And the beauty of this approach is it's
conpletely automated. It | ooks at the whole brain and
allows you to do both hypothesis testing as well as
expl ore studies to | ook for regions of contraction.

Another way to display this sane data is
to look at a surface rendered image. This is a
contraction in controls wthout |acunae, 37 subjects
with an inner scan interval of about two years. The
bl ue shows contraction in the cortex. Over here we're
seeing 21 Al zheiner's patients with a lot of cortical
contraction. And these are controls who have |acunar
infarcts who are conpletely cognitively normal start

showi ng sone increase in the rate of contraction of
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t hese subj ects.

Anot her beauty of this kind of warping
approach is that you can correlate cognitive change
wi th shape change. So what this inmage shows is a
correl ati on between the change of brain structure over
timte with the change of the mni-nental state
exam nation over time in Al zheinmer's patients show ng
those brain regions which had a significant
correlation with the mni-nmental state exam nation

So in other words, it's kind of an inage
oriented approached towards, you could say, the
begi nning of surrogate validation here. Because we're
correlating the surrogate, the inmage, with the primry
measure of the cognition. And it shows that there are
certain regions of the brain that are nore correl ated
with t he m ni - ment al state exam nati on, and
interestingly, nore on one side.

So in conclusion, structural MR has high
power to detect |ongitudinal changes in Al zheiner's
D sease. Structural MJI is a relatively specific
nmeasure of neurodegeneration because it's probably not

very effected by brain activity or netabolism 1In
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contract, as you'll hear from the subsequent speakers,
PET and spectroscopy are sensitive to neasures of
brain activity and netabolism that's the power of
spectroscopy and PET scanning. But that's also their
di sadvant age, that because they are sensitive to state
they are | ess specific nmeasures of neurodegenerati on.

Structural MRl does correlate wth
cognition, as we've shown and Nick and diff Jack have
shown, but nuch, much nore work is needed to correlate
structural MR wth cognition.

Certainly this is all useful in Phase II.
It's currently an unvalidated surrogate. It's not a
primary outcone neasure for Phase 11l trials, but
structural MJI is wuseful to provide confirmatory
evidence using that FDA regul atory |anguage of effect
and to provide evidence of disease nodification, which
is what we need as this new class of drugs enters
clinical trials.

What is needed are standards for MR and
spectroscopy and PET so studies can be conpared.
Because «currently different investigators are al

doing it different ways and it's really hard to
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conpare data. W need to have nore correlations of
imaging data with cognition function and pathol ogy,
and we need data from nultiple sites for powering of
future trials.

adiff Jack showed the beginning of that
wth the Mlamlene trial, but we need nore of that.

So in order to get that, what we need is a
longitudinal, mnulti-site observational nontreatnent
trial of controls MJ, NAD, using M and PET al ong
with cognition and biomarkers. And, hopefully, a study
like this is ultimately is going to be supported by
the National Institute of Aging with co-funding from
t he pharmaceutical industry.

Thank you very nuch.

CHAI RPERSON KAWAS:  Thank you.

Qur next speaker is Dr. Murali Doraiswany.

DR DORAI SWAMY:  Thank you very nuch.

| want to thank Dr. Katz and Dr. Mani for
inviting me here, as well as the advisory panel for
inviting ne.

|"mgoing to speak on MR spectroscopy. And

many of the studies I'm going to be presenting are
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relatively small sanple size studies. And | want to
put that in context. This is an issue that has not
been discussed, which is the cost and the tine it
takes to do these MR studies.

A typical MR exam may take about an hour
of the patient's time, perhaps a whole day of the
experinmenter's tine to plan the protocol and to
anal yze and extract the data. They're also very
expensi ve.

And a 10,000 patient clinical trial that
has two MR scans, one at the beginning and one at the
end, say 20,000 brains, is going to take a very |ong
time to analyze. Because a typical academc |ab
processes about two to five scans a day if they're
very efficient. So you can see if there are 20,000
scans, it's going to take a very, very long. So it's
not the sanme as doi ng exans.

And sone of the Ilimtations in the
| ongi tudi nal studies and the sanple sizes we're seeing
today are really a limtation of the expense and the
time it takes to do these studies. And, hopefully, the

NlAinitiative woul d address that.
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So as the previous speaker nentioned,
brain MR spectroscopy is a non-invasive techni que that
provides a biochemcal window into the brain and it
can look at concentrations of netabolites either in
whole brain or in discrete regions. And the size of
the discrete region you want to look at is partly the
limtation of the technique.

Now one of the inportant things to keep in
mnd is that MRS is usually acquired along with an
anatom cal MR i nmage. So really at perhaps at ten
mnutes or nore you can get an MR spectroscopy scan in
the sane sitting that you get an MR scan. So really
you can get synergistic information.

Now, there are a nunber of MR spectroscopy
mar kers depending on the type of MRS study that one
undertakes. The type of MRS that |'m going to talk
about is called proton MR spectroscopy or one hydrogen
spectroscopy. And really the two nmarkers that people
are talking about with regards to Al zheiner's D sease
is Nacetyl aspartate and Myo-inositol.

Now the key point to keep in mnd here

again this goes to the heart of whether this
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constitutes a surrogate marker or not, is we still
don't understand fully the function of Nacetyl
aspartate in the human brain. There is increasing
evidence that it's an acetyl donor involved in various
lipid nmetabolic pathways, perhaps involved in cel
menbr ane, neuronal axonal nenbrane and in other kinds
of neuronal functions, but we still don't understand
it fully.

So wthout wunderstanding the function,
it's hard for ne to stand up and say that it's truly
involved in the causal pathway of Al zheiner's D sease,
even though we don't even know all the causal pathways
of Al zheiner's as well.

It's abundant in the human brain and sone
data suggests that it's the second nbst abundant am no
acid in the brain. So coommon sense suggests that it is
involved in a |lot of fundanental processes. It
i ncreases during brain devel opnent .

There is a variety of postnortem and
hi stochem cal studies using specific antibodies that
have shown that Nacetyl aspartate tends to be

concentrated largely in the gray matter regions of the
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brain. It's primarily present in neurons and not as
much in glia cells. And this has also shown in
culture, cell culture studies. So it's present in
gray matter to a greater extent than it is in white
matter or in CSF

And that is really what goes to the heart
of the postulate that it's a marker of neuronal
function or density. And there's two kinds of studies.
The earlier studies suggested that it mght be a
mar ker of neuronal density, and these were studies
that correl ated histopathol ogical sort of changes and
did postnortem MR spectroscopy, but there's nore
recent clinical evidence suggests that it may be nore
a dynamc functional marker rather than a marker of
neuronal counts or density.

Now, the other marker that's of energing
interest is Mo-inositol. Again, we don't know
exactly what this marker does or what it represents.
There are many theories. Sone people say it?s a
constitute of cell nenbranes. But really there is
recent evidence, at |east suggesting perhaps it's a

marker of glial activation. And there's sone data
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suggesting that it's increased in the prodronal stages
of Al zheiner's, such as in patients with MJ or in
patients wth Down's Syndrome who haven't yet
devel oped the Al zhei ner' s.

Now, you have to put these markers in
perspective, and this may or may not be a popul ar
slide, but I think it's a slide that everybody on the
Commi ttee needs to be aware of.

Now, the reduction in NAA is not specific
for Al zheinmer's D sease, as has been referred to by
several people who have talked about really body
wei ght, there's a nunber of other factors, but really
there's a wde range of diseases effecting the brain
i n which NAA has been reported to be reduced. Now, |'m
not saying that all these studies are very rigorous
good studies. By and large, they're small. By and
large, they're cross sectional studies. But a nunber
of different conditions.

So, again, suggesting that NAA if it's
involved at all in the pathophysiology of Al zheiner's
Disease is nore a downstream nmarker rather than

sonething that's early and very, very specific for the
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di sease

Now all the conditions that | have narked
by an asterisk, including some that ['ve not
indicated, are conditions where potentially reversible
changes in NAA have been reported after either therapy
or spontaneous recovery. And I'lIl give you one
exanpl e.

In tenporal | obe epilepsy, someti nmes
surgically they take out the effected seizure focus.
And when you look at the contralateral side, NAA
| evel s increase by about 50 percent after about 6
months after surgery and up to 100 percent a year
after surgery in sone studies.

Now, these are all the conditions in which
hi ppocanpal volunme has been reported to be reduced.
And one of the conditions that's very interesting,
Cushing's disease characterized by high levels of
cortisol, and there's very good ani nal data suggesting
that hypercortisolema is associated w th hippocanpa
damage.

And a very recent study from the

University of Mchigan by Mnica Startman where they
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took 22 patients with Cushing's disease, |ooked at
hi ppocanpal volunmes before and after transfenoidal
adenectony and they showed that there was up to a 10
percent increase in hippocanpal volune in the sane
patients after the hypercortisolema had resolved.
So, again, suggesting that many of these structures
are dynamc. So really depending on the intervals over
whi ch you neasure the specific disorder in which you
| ooked at these markers, they have to be interpreted
accordi ngly.

Now net hodol ogic issues, again, |'m not
going to focus a lot on this particular slide, but
it's inportant to keep in mnd that there are many
di fferent techniques available to look at VR
spectroscopy as well as volunetrics. And these have
to be standardi zed across studies and, really, there's
very few studies in the literature that have used the
sane techni que.

For exanple, the acquisition protocols:
What part of the brain are you |ooking at; what's the
voxel size; how big is the volune elenent that you're

| ooking at, and; really how are the data reported?
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Are you reporting them by an internal normalization,
by an external normalization, for exanple, to a
phantom are you atrophy correcting these data or are
you reporting absolute concentrations? So these all
sone things that one needs to bear in mnd and really
standar di ze when you | ook at these studies.

So | want to summarize for you briefly the
MRS literature in the Al zheiner's D sease. Now this
slide lists the cross-sectional studies that have been
done in the Alzheinmer's and really the bulk of the
l[iterature is cross-sectional data. There are at
| east four postnortem studies that | could find with a
total sanple size of about 70 Al zheiner's patients, 69
Al zheiner's patients and 22 controls, nostly of the
tenporal and frontal cortex, and nostly based on per
chloric extracts of postnortem brain. And they found
a 20 to a 50 percent decrease in NAA in the regions of
interest and a couple of studies have correlated this
with plaque density. One study with plague density
and one study with tangles looking at it in adjacent
secti ons.

Now, the in-vivo MS studies, there's
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about 30 studies or so. The sanple sizes range from
very small case series to nore than 50 studies, nore
than 50 patients. The decrease in NAA in the
Al zhei nmer's has ranged from about 10 to 40 percent, 10
to 37 percent with a couple of negative studies. In
about four or five studies the NAA levels have
correlated with nmany nental state examnes with the
Pierson. In small sanple size studies you have a very
high Pierson correlation and then the l|arger the
sanple size gets, your correlations tend to be a
little bit I ower.

Now there are two studies that have | ooked
at the potential sort of prognostic role, if you will,
of MR spectroscopy, and there may be nore. These are
the two studies |I'mpresenting today.

One was a study that we published, a pilot
study that we did about four or five years ago where
we | ooked at 12 very mld A zheiner's patients, we did
a baseline spectroscopy scan and then we eval uated
them clinically over the next one year. And what we
showed was that there's a correlation between their

baseline spectroscopy neasures and their cognitive
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status one year |later. W also found a correlation
between the rate of change in their cognitive status
as well, and that was also presented in this
particul ar study.

Again, the correlation coefficients are
hi gh because the sanple sizes are relatively snall.

Now, the second study is from the Mayo
group. Again Dr. Jack was one of the investigators in
that. A study of 51 patients and the one analysis |I'm
showi ng you here is a pooled analysis they did where
they conbined the Ml and the Al zheiner's patients, so
really this is the cognitively inpaired group. And
they looked at the predicted value of Nacetyl
aspartate over Mo-inositol. Again, the ratios used
soneti mes because NAA goes down presunmably in the
Al zheiner's and M goes up. So really one woul d expect
this ratio overall to decline.

So this is a step-wise regression wth
age, education and various MRS ratios in the nodel.
And this is the correlation that was explained, the
predictive value of that MRS neasure |ooking at

various cognitive tests. This is the auditory verba
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learning test and this is the denentia rating scale.
So really there is sone predictive value for MRS
neasur es.

If you | ook at |ongitudinal MRS studies, I
could find only three studies wth a total of 34
Al zheiner's patients and 14 controls. The followup in
two of the studies was one year long, and in one of
the studies was 23 nonths long. So that's the range of
fol | ow up.

The nethods varied. To ny know edge these
were not controlled in these studies. | could be
wrong, but the paper didn't nmention it. In all three
studies, in general NAA declined over tinme. The rate
of decline was about 12 percent per year in the
Al zheiner's and one percent per year in controls in
the studies that reported a percent change.

The hi ppocanpus decline in one of the
studies that concomtantly measur ed hi ppocanpal
volunes -- |I'm sorry, this was hippocanpal NAA this
is gray matter NAA.  The NAA and hi ppocanpus decli ned
12 percent per year in AD, but it was not

statistically different from that of controls in one
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of the studies.

And in two of the studies the decline in
NAA appeared to correlate with the cognitive decline.

So I want to present to you in the |ast
few mnutes a pilot trial that was done at Duke
University, really to look at the effects of a
cholinesterase inhibitor, in this case Donepezil on
neuronal markers in Al zheiner's D sease.

Dr. Krishna is the principal investigator
The study, it's not yet published. And it was support
by Eisai and Pfizer.

So this was sort of a Phase Il study. It
was a random zed doubl e-blind placebo-controlled study
of mld to noderate probable Al zheiner's D sease
patients. MVBE score ranged 10 to 26. Twent y- f our
weeks of therapy wth Donepezil or placebo. The
Donepezil dose was 5 mlligrans for the first nonth
followed by 10 m|ligranms subsequently. And then after
24 weeks there was a 6 week pl acebo washout .

W obtained spectroscopy neasures, M
nmeasures and the ADAS Cog every 6 weeks during the

st udy.
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W neasured hi ppocanpal volunes, but sort
of this was a post-hoc analysis. This was not one of
our A priori proposed outcones in the protocol, but it
was done in a blinded fashion, and it was only done at
baseline and week 24. I think I'm not going to
present those data just because if soneone has a
guestion on that, 1'd be happy to talk about it.

The subjects were recruited at three
sites, but all the scans were done at Duke.

So the trial outconmes, the primary outcone
was N-acetyl aspartate, the secondary outcone was the
ADAS Cog and other MRS neasures. A post-hoc outcone
was hi ppocanpal vol unes.

This is included in your slide set in your
handout .

' m going to show you sonme of the baseline
characteristics. Really the baseline characteristics
did not differ between the patients. There were 34
patients in the Donepezil group, 33 in the placebo
group. You can see here the nean MVBE score is about
19. And these are the results on the ADAS Cog. The

red line is the Donepezil treated patients, the yellow
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line is the placebo treated patients. So these are the
24 weeks of the trial. This is week 30. And you can
see that Donepezil, as expected, was better than
pl acebo in terns of its effects on the ADAS Cog.

Now, we |ooked at a nunber of different
regions of the brain, and I'm going to present to you
the different regions in terns of our Nacetyl
aspartate. Again, you can see here subcortical gray
matter. You can see the red line again is Donepezil.
That's placebo, the yellow. And, again, there is sone
i nherent variance in the system and that's sort of
reflected perhaps in that.

This is the cortical area, and the red
line again is Donepezil. Now, our technique that we
used was particularly bad for |ooking at cortical NAA
because the voxel we choose cut out the rim of the
cortex. So really there was a lot nore noise in the
cortex with this particular technique that we used at
that tine.

Now, these are the results for the
peri/ventricular region. Again, you can see -- again,

this is Donepezil. At endpoint really there was no
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difference in week 24.

Now, this is the white matter. | just have
a couple of seconds left, so I'm really going to
finish with that slide.

And really 1| think our conclusions were
that Donepezil inproved cognition and increased NAA
brain Ilevels generally between weeks 6 and 18.
However, drug-placebo differences were not significant
at weeks 24 or 30. The variance was large. And really
| think this was a pilot study that we did to try to
cone up wWth estimates of variant sanple size, et
cetera, and at Ileast sort of denonstrates the
feasibility, the technical feasibility of doing a
study such as this.

So | want to thank you for your attention.

CHAl RPERSON  KAWAS: Thank  you, Dr.
Dor ai swany.

Qur next speaker is Dr. WIIliam Jagust.

DR JAGUST: Well, thank you.

| would like to give you an overview
essentially of PET and | ook at sonme of the reasons why

PET is certainly interesting in this discussion, and
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rai se sonme questions perhaps for consideration.

So why should we consider PET potentially
a good surrogate marker in Al zheiner's D sease? And
|"mgoing to sort of outline ny approach and then give
you sone exanpl es.

So, PET is a reasonable good assay for
tissue biochemstry and also for physiology that is
intimately related to the fundanental di sease
processes of interest in A zheiner's D sease. It's
highly related to cognitive function. It's predictive
of cognitive decline, very simlarly to what we've
heard about for MR and spectroscopy. And it is
sensitive, reliable and reasonably valid as a marker
of the actual pathology of AD, the anyloid plagues and
the neurofibrillary tangles.

And, finally, it is statistically powerful
and provides potentially powerful neasures of disease
decl i ne.

Now, PET is actually a conplicated
technol ogy. | think everyone understands that when we
talk about PET, we're talking about a nethod of

mapping in vivo radiotracers and what you |abel, and
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the type of radiotracer we used, depends entirely on
what you're interested in. | think for Al zheiner's
Di sease there are three potentially interesting types
of radiotracers.

One are I i gands t hat bi nd to
cholinesterase and that reflect cholinergic function
in the brain.

Anot her radioligands that bind to anyloid
and in the last year we've hear nore and nore about
this. These are very, very interesting types of
ligands, but as yet | think we have to say they
reflect to sonme extent unknown characteristics of
anyloid and of the anyloid pathology, and they' re not
conpl etely worked out in a nunber of ways.

And then what you'll hear about nost today
is fluorodeoxyglucose or FDG the glucose netabolic
tracer which all evidence points to largely, though
not entirely, reflects synaptic activity.

As far as cholinergic |Iigands, sone of the
nmost elegant work on this was done by the group at
M chi gan who used this conpound called PWP and showed

that one can actually detect binding a cholinesterase
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in the brain. This is a potentially very interesting
techni que that one could use to specifically assay the
system and al so neasure effects of drugs that nodul ate
the cholinergic system I"'mreally not going to talk
anynore about that, other than to point out that it's
sonething that one needs to consider depending on the
type of clinical trial you' re interested in.

Now, this is an FDG and the only point |
want to nmake here is to show you the characteristic
signature of Al zheimer's D sease on glucose netabolic
studies, a controlled subject and tw separate
Al zheiner's patients both showing you an area of
hyponet abol i sm posterioral here in the parietal |obes
and also in the tenporal |obe. There have been nmany,
many studies that have replicated this, and many
variations on it showing that it may asymetric, it
may be distributed slightly differently in different
types of Al zheiner's patients, but in general this is
the so-called netabolic signature of the disease that
also extends into the posterior cingulate cortex,
which in fact may be the nost sensitive region of the

brain for detecting early changes in Al zheiner's
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D sease.

So, what about this in diagnosis? Wll,
there's been, again, in recent years nore and nore
data gathering on how these netabolic patterns for
gl ucose netabolism -- now again |I'm tal ki ng about FDG
PET -- relate to neuropathol ogy, and | just picked two
studies here. The first by John Hoffman and his
col |l eagues showing that conpared to pathol ogica
confirmed Alzheiner's Disease, this pattern has a
sensitivity of about 90 percent and a specificity of
about 65 percent for the diagnosis of Al zheiner's.

You'll probably hear nore from Dr. Small,
who?s tal king after me, about this study, but this was
a substantially larger study show ng that PET was able
to both predict progressive denentia in individuals
who presented wth cognitive inpairment and also
pat hologically confirnmed Al zheiner's D sease, in this
case again wth a fairly high sensitivity and
specificity.

And so | think there 1is reasonable
evidence from these types of studies that these

nmet abolic findings are reasonably good markers for the
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pat hol ogy.

PET also wth FDG predicts cognitive
decline, and there is really a plethora of studies
that get at that particular issue. One study that we
publ i shed a nunber of years ago shows that a baseline
PET scan predicts a subsequent change in the Mni-
mental state in patients with Al zheiner's D sease.
Satoshi M noshima's group, again, in Mchigan showed
t hat baseline PET predicts decline for nenory
inpairment, or so called MJI to denentia, again
show ng changes in the cingulate were the nost
predictive of that type of decline.

More recently the group at UCLA has shown
that baseline PET will predict nenory decline in non-
denented carriers who have the ApoE 4 gena type.

And finally there's been a recent study
that suggests that PET may predict decline in nornal
individuals who go on to get a mld cognitive
i npai rnment .

So, again, | think anple evidence that PET
can predict clinical course. And this is just an

exanple of the study we published showng that at
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baseline glucose netabolic rates predicted the
subsequent change in mni-nmental, those wth | ower
nmet abol i sm declined nore rapidly over the ensuing two
years. And this actually remained significant when one
controlled for a nunber of denographic factors.

Here showing you that glucose netabolism
is related to cognitive function in the sense that
what we see here on the Y axis is a nenory perfornmance
and on the X axis a glucose netabolic ratios in the
t enpor al lobe and in the hippocanpus. Just an
illustration of another finding that's been fairly
wi dely docunented that particular types of cognitive
deficits are correlated wth regionally specific
patterns of glucose netabolism

Now, | want to talk a little bit about
progression and change, and neasurenent of change over
time. And I'mgoing to rely on data that was published
by Eric Reinman when he studied a group of individuals
who were asynptomatic who were ApoE 4 heterozygotes
with repeated sequential PET scanning over tinme. And
what you see here is the change in glucose netabolism

or the decline in glucose netabolism over a two year
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period in these individuals.

And one can look at this quantitatively
and sinmply look at the normalized, in this case the
region normalized to hold brain glucose netabolism
over tinme. And one again sees decline over tinme. And
usi ng these kinds of data one can begin to | ook at the
nunbers of subjects one needs in a clinical trial. And
Dr. Reiman published these figures in his paper

And one can that depending on the size of
the drug treatnment effect, and this here represents
the size of the change in glucose netabolism one was
postul ating, you would need relatively small nunbers
of subjects who are ApoE 4 carriers to detect a change
of this magnitude using posterior cingulate glucose
nmet abolismwi th 80 percent power.

| f one | ooked at ApoE 4 noncarriers, these
nunbers got slightly larger, but still are in the
manageable range. And in fact, when one [|ooks at
actual patients with A zheiner's D sease to detect a
treatnment effect, one sees that even with a very snall
treatnment effect on patients with Al zheiner's D sease,

the nunber of subjects one needs for a clinical tria
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of this sort is actually quite small. This vyear
projected using frontal glucose netabolism again with
80 percent power.

So statistically, at least, this is a
manageabl e approach if one is convinced that neasuring
this size of reduction in glucose netabolismis what's
necessary.

So, let ne sort of philosophize about this
now. Because this is where the data neets the road,
and maybe we don't know how that's going to work out.

So, here are the positives about, | think,
FDG PET as a surrogate mnmarker. And | think that
largely relates to the side on linking PET scanning to
clinical declines or to the clinical side of the
di sease. And that is, as | showed you, PET predicts
clinical decline and prediction, we understand, does
not make a surrogate.

Also PET is biologically plausible. W' ve
heard that word a |ot today. It may well be on the
di sease pathway, and | think there are several reasons
for believing that it mght be.

The first 1is that it is reasonably
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sensitive and specific for the pathol ogy, for the way
we define Alzheiner's D sease, for plaques and
tangles, that tenporal and parietal glucose netabolism
seemto reflect that.

It's related to synaptic function.

A ucose netabolism largely related to that. And we
i ncreasingly bel i eve, I t hi nk, t hat synaptic
dysfunction is a key conponent of the pathol ogical
process in Al zheinmer's Disease, and it's correlated
with cognition. And, of course, it's statistically
power f ul .

But the negative, and the question that's
been raised, | think, subtly and really needs to be
di scussed clearly is what is the link between using
PET and trying to detect an effect on a disease that's
underlying nodifies its progression. And that relates
to the question of whether PET can distinguish
synptomatic therapy or state effects from underlying
di sease nodifying, drug effects. And there's no easy
answer to this.

Qobviously, the one that's been proposed

for clinical trials is to use a random zed start or
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wi thdrawal design. Another, | think very inportant
thing that we need to be considering is the use of PET
tracers that really reflect the basic biology of
Al zheiner's Disease. And to the extent that that may
be anyloid, the PET anyloid imaging agents really
offer a trenendous option in that direction.

The other point that | want to nake is
that state effects, as far as we understand them at
least for <cognitive states, are relatively snall
conpared to disease effects. | showed you a PET scan
of an Al zheiner's patient, you could see that that
Al zheiner's patient's scan |ooked different than the
normal control individual

Individuals performng cognitive tests
have netabolic rate changes on the orders of severa
percent. You can't see that in an individual inage
which is why subjects are averaged over nunbers of
st udi es.

So cognitive state effects are relatively
small. Disease effects, cognitive effects, severa
percent di sease effects, 20 to 30 percent.

Drug effects are unknown, and that's |
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think still an unanswered questi on.

But sitting and listening to this | was
maybe naively wondering if this isn't a subset of the
| arger problem which is that when we start to talk
about surrogate endpoints and clinical outconmes being
on different pathways. And really, let's take the
perhaps trivial but nevertheless potentially inportant
issue of fluid balance in MR | nmean, that's an effect
that's going to change a surrogate endpoint, perhaps
it has nothing to do whatsoever wth the clinical
outconme we're interested in.

Suppose we have a drug that has a direct
effect on glucose netabolism Al it does is
i ncreases glucose netabolism An anphetam ne, for
exanpl e. That's the same kind of problem And |
think what this says to ne is that when we're thinking
about synptomatic or state effects, we really have to
understand the effect of the drug on the surrogate
that we're neasuring, just the same as we have to
understand how a drug affects fluid balance if we're
going to nmake neasurenents of MR atrophy. W have to

understand how a drug affects glucose netabolism
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i ndependent of its effects on Al zheiner's D sease if
we're going to use glucose netabolism as a surrogate
mar ker .

So just to sort of make a couple of |ast
poi nts about technical issues. These studies, as are
MR studies, can be technically very conplicated. And
there many issues that need to be considered in
designing a nulti-site acquisition study. That is, of
course, subjects? state, other drugs they may be taking
and so forth. How one is going to quantify the image
which particularly involves whether one is going to
measure the input of the tracer to the brain, which in
a truly quantitative study requires a catheter in the
radial artery, but there are alternatives to that.
And how one is going to neasure attenuation and then
differences in instrunment resol ution across sites.

And then standardi zation of data analysis
is the flip side of all this where one can quantitate
these data with netabolic rates or ratios and whether
one chooses region of interest or atlas or voxel -based
approaches. These are very conplicated, but | believe

they're all actually nanageabl e.
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So to sumarize, there is no doubt that
PET is not a confirned surrogate. That's a very easy
question to answer. | think sonme of the data, sone of
the data that | showed you and sone of the evidence,
suggests that it has a lot of potential in that
direction. It's sensitive to decline, statistically
powerful, it has strong links to clinical synptons, to
pat hol ogy. But there are real questions about its
relation as a disease nodification marker. Any
clinical trial, as | said, has to assess potential
state effects on the PET tracer of interest, no matter
what the PET tracer is. And | would submt, no matter
what the imaging nodality is.

And really, | think the only way we're
going to answer nmany of these questions is if we begin
to cooperate PET in clinical trials when we finally
have disease nodifying drugs. That's the only way
we're really going to get at answers to a | ot of these
guesti ons.

So, thank you.

CHAlI RPERSON KAWAS:  Thank you very much.

And our final speaker for this portion of
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the neeting is Dr. Gary Small.

DR SMALL: Just getting the technology to
communi cate here. 1'll take a second.
Well, thank you. |I'm delighted to be here and have a
chance to expand on sone of the comments that Dr.
Jagust just nmade and throw in a few of ny owm in ny
di scussion  of positron em ssion tonography in
denenti a.

| want to start off with the point that
PET is an imaging technique that provides information
not just on brain structure, but also on the
bi ochem cal bases of brain function, which to ne is
i nportance since we're looking at in terns of response
to drug treatnent. And we woul d expect that nost drugs
woul d have an effect on biochem stry of the brain.

As we just heard, many of the studies have
i nvol ved gl ucose met abol i sm usi ng 18- F-
fl uor odeoxygl ucose, which denonstrates the specific
patterns of cerebral netabolic netabolism in various
denentias. And there's extensive work in this area. In
fact, we have about 25 years of experience. And |'ve

just listed sone of the many studies that have shown
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sone of the patterns that we've just heard about.

As we've seen in early A zheiner's
D sease, parietal regions, tenporal and even frontal
regions begin to show this deficit that progresses to
|ate stage Alzheinmer's Disease. And interestingly,
|ate stage Al zheiner's D sease has a pattern that
| ooks very much like an immture brain, as we see in
this i mge.

W also see different patterns in
different types of denentia. Here, again, is an
Al zheiner's case with the parietal hyponetabolism a
vascular case wth both cortical and subcortica
deficits, frontal denentia or Pick's D sease wth
frontal hyponetabolism and the caudate hyponetabolism
in Huntington's di sease.

Now, last year Dan Silverman Iled an
effort, an international effort, to look at the
regional brain netabolism and |ong-term outconme wth
PET. And 1've listed all the many coll aborators, nany
of them are here in this room and involved centers
t hroughout the United States and Europe. And we asked

gquestions such as we see in this slide, what is the
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accuracy of FDG PET for assessing the presence or
absence of a neurodegenerative denentia. So we, as in
this colum, neurodegenerative disease as seen on PET
by blinded reading and then in this colum or this row
neur odegenerative denentia present on autopsy. And
with these kinds of nunbers one can calculate the
sensitivity 94 percent, specificity 78 percent, and
overal | accuracy 92 percent.

W can ask the question presence or
absence of Al zheiner's D sease, we see simlar kinds
of sensitivities and specificities. And that was on a
sanpl e of about 130 patients who were followed up to
aut opsy.

On another group we followed at |east two
years on an average of about three years, we asked how
does PET predict the progression of denmentia. And we
saw simlar results in terns of sensitivities and
specificities.

So our conclusion fromthat study was that
Al zheiner's Disease and other progressive denentias
significantly alter brain nmetabolismearly relative to

the manifestations of «clinical synptons. And the
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clinical FDG PET detects this altered mnetabolism
providing an accurate clinical tool for noninvasive
prognostic and di agnosti c assessnent.

And if one looks at studies where we use
conventional clinical assessnents, where we have
repeated examnations not using PET, we get |ower
sensitivities and specificity. So in the study that
has 134 patients wth autopsy criteria as the outcone
where multiple examnations were done over the course
of several years, we find |lower sensitivities, around
83 to 85 percent and | ower specificity is about 50 to
55 percent.

So these data suggest that PET is a
reasonably valid marker of clinical progression and of
aut opsy fi ndi ngs.

Now, we saw in other material handed out
that one of the problens with the specificity of
di agnosis not using PET is in differentiating fronta
tenporal denentia from Al zheiner's Di sease. And at the
International Al zheiner's Congress in Stockholm Norm
Foster presented sone data that | thought were quite

interesting, specifically looking at this question,



10

11

12

13

14

15

16

17

18

19

20

21

22

181

bl i nded assessnents, very well controlled study again,
i nvol ved several sites and they had very high inter-
rater reliability anong the raters and high diagnostic
accuracy, about 80 to 90 per cent in J ust
differentiating frontal, tenporal and Al zheiner's type
denenti as.

For the last several vyears we've been
| ooking at how well PET perfornms in detecting very
subtle brain changes in people wthout denentia,
people maybe in their 50's or 60's who have just m nor
menory conplaints. So we've been studying m ddl e aged
people with the genetic risk for Al zheiner's D sease,
apol i poprotein E, or ApoE 4. And back in 1995 in 1995
we first reported that you could see these changes.
Eric Reiman's group at the University of Arizona has
rated those findings. And both our groups have in
i ndependent sanpl es published additional data and al so
data showi ng how there is change over tine. And |'l|
just show you sone of that information.

This is a study we published a couple of
years ago in PNAS where we had 54 subjects, half of

them had the genetic risk for Al zheiner's D sease, the
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other half did not. They all had very mnor nenory
conplaints. On the average, they were in their md-
60's. And the statistical paranetric map shows you
where in the brain there was significantly |ower
nmetabolism in people wth the ApoE 4 genetic risk. So
the lateral t enpor al parietal, dor sal | at er al
prefrontal cortex and posterior cingulate cortex had
t hese changes.

Wen we followed people with ApoE 4 over
a two-year period we found that these sanme regions,
the parietal and tenporal regions, showed decline.
About a 4 to 5 percent decline in these critical brain
regi ons. This is just in ten subjects, and you can
see there's no overlap from baseline to followup in
this right lateral tenporal region in terns of the
met abol i ¢ decl i ne.

Now, as we just saw, based on those Kkinds
of data we can begin to nake power estinmates of how
many subjects we'd need in a clinical trial to be able
to show a treatnent effect. And we saw sone of these
data just a nonment ago. Just to sunmarize what the

nodel looks |ike, instead of |ooking at cognitive
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function, if we looked at netabolic function in
critical brain regions in an ApoE 4 subject on
pl acebo, one would expect this decline. About 4 or 5
percent over a two-year period. And if the active drug
is working, we would expect a slower decline.

Eric Reiman's group has extended these
studies to look at patients who already have clinica
denentia or Al zheiner's D sease. And these are
figures taken from his article this year show ng the
signi ficant di fferences bet ween patients with

Al zheiner's D sease and controls. The areas where

t here IS | ower, significantly | ower gl ucose
met abol i sm Agai n, pari et al t enpor al r egi ons,
posterior cingulate regions. And he has followed

these patients over tine. And here we see the areas
where there is significant decline in these sane brain
r egi ons.

So to summarize, if one were going to
study FDG as a surrogate marker in brain aging
clinical trials, if we had a drug with a 33 percent
treatnment effect in the pre-synptomatic cases | f

we're just going to study ApoE 4 subjects, we only
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need about 60 subjects per treatnent group. And this
woul d be based on a two-year study. If we're | ooking
at patients with A zheiner's D sease, we'd need an
even smaller nunber over a one year period, 36
subj ect s. And in those studies it's best not to
stratify according to genetic risk.

Now, what is the experience thus far with
treatnment trials looking at PET changes? And | was
able to find in the literature and also just in press
three studies that | think are relevant for this
di scussi on.

And also while I"'mon it, let nme nention
other conflicts of interests that weren't nentioned.
That is that | have been an advisor in the past for
Bayer and have advised Novartis, Eisai and Pfizer as
wel | as Janssen.

So in this study from our group we | ooked
at the cholinesterase inhibitor drug Metrifonate. It
was a 6 to 12 week treatnent period, a relatively
smal | nunber of subjects. And we found that there was
cognitive inprovenent in all of the subject, at |east

a 2 point increase on the Mni-Mntal State Exam and
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also significant increases in glucose netabolism
particularly in these key regions 1've been talking
about, parietal, tenporal and frontal.

Steve Potkin at Irvine headed up a study
of R vastigmne, and this was a 26 week doubl e-blind
study, placebo controlled, 27 patients in this study,
and they showed very interesting results. 33 percent
i ncreased in hippocanpal netabolismin the responders,
those who responded to the drug who had clinical
i nprovenent. But the non-responders show a 6 percent
decrease in hippocanpal netabolism which was simlar
to what was seen, the 4 percent decrease in the
pl acebo treated patients.

Anot her study that Laurie Tune has
presented at several neetings and now is in press, is
a study of Donepezil. Again, a blinded study, 24 weeks
of treatnment. And they found that nean glucose brain
met abolism renained stable in the active drug group
and declined 10 percent in the placebo group. And
there were significant parietal, tenporal and fronta
treatnment differences in the study.

Now, here is an image from the study we
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did with Metrifonate showi ng average PET scans before
and after with Mtrifonate. And here you can see,
particularly in the parietal regions, this is pre-
treatnent and post-treatnent where there 1is that
i ncrease in metabolism And at a lower level in the
brain you can see an increase in frontal regions as
wel | as sone of the tenporal regions.

In the study wth Donepezil, this 1is
show ng the Donepezil and placebo treatnment effects on
rel ati ve average glucose netabolism This represents
pl acebo and this is Donepezil at 12 weeks and after 24
weeks you can see the placebo group declines but
there's stabilization in the active drug group.

Now, when we think about PET multi-site
trials, | just wanted to cite a point nmade from our
Al zhei nmer's Associ ation Neuroi maging Wrk Goup, the
PET Research Subcomm ttee. And we tal ked about sone of
t hese nethodol ogical requirenments that we've heard
di scussion  of. Also that there should be
consideration given to trials where we include both
PET, FDG and MR because of the different kind of

informati on invol ved. And also an interest in PET
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radiotracer methods that wll inmage the pathologic
| esi ons. So | wanted to spend a few nonments talking
about this.

This has been in the news lately and there
have been various approaches. One approach is to alter
conventional dyes used at autopsy such as Chrysam ne-G
and they're effective in vitro, but they don't seemto
cross the blood brain barrier.

Now University of Pittsburgh has pushed
this approach forward, and actually did develop a
probe that crosses the blood brain barrier. W saw
sone of the limted in vivo data in Stockholm They' ve
scanned about a dozen subjects. One of the
[imtations thus far with that, it uses carbon 11 as a
| abel i ng probe and that has a 20 mnute half-life, and
is a bit anwkward in clinical settings.

At UCLA we' ve been devel opi ng what we call
FDDNP and we've shown that it's effective both in vivo
and in vitro. W have fluorine 18 labeling, so it's
much easier to use clinically. It has 110 mnute hal f-
life.

W have information on over 60 human
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studies that we've conpleted to date, and we're in the
pl anning stages of nulti-site studies. And we also
have postnortem neuropat hol ogi cal validation of our in
Vi vo dat a.

DDNP is a fluorescent small nolecule
probe. It's neutral and Ilipophilic, and it was
originally devel oped for fluorescent mcroscopy. And
as we'll see, it provides excellent visualizations of
neurofibrillary tangles, neuritic plaques and diffused
anyl oi d.

Ve cal It DDNP, it st ands for
di met hyl am no di cyano naphthal enyl propene and our
chem st CGeorge Barrio adds fluorine 18 at this end of
the nolecule. If one |ooks at tinme activity curves and
you plot radioactivity versus tine, you can see
there's very good uptake in the first 10 mnutes. And
after about 30 or 40 m nutes, one sees the signal here
where in tenporal regions there's a greater retention
or activity of the nolecule conpared wth other
regions. And here you see in the tenporal region the
i ncreased activity.

So, iIf we look at a patient wth
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Al zheiner's Disease, this is an MRl scan, you can see
the atrophy by the increased ventricles, this is an
FDG PET scan showing |lower activity reflecting |ower
neuronal activity in tenporal regions and the DDNP
scan shows higher activity reflecting what we think is
a greater accumul ati on of plaques and tangl es.

W've plotted the signal against various
cognitive neasures. And with the Mni-Mental State
Exam and you see a good correlation in controls as
well as patients. And we've done simlar studies with
nmore sensitive nenory scores, such as the imediate
paragraph recall score and the delayed paragraph
recall score you see very high correlations with the
signal. It separates patients wth Al zheiner's D sease
very well from controls. And this is the postnortem
study I was tal king about here. You can see a coronal
section of tenporal activity. The patient died 8
nmonths Jlater, and this 1is autoradiography show ng
tenporal and parietal activity superinposed on the in
vivo scan. And the inset shows you confocal m croscopy
of plagues and tangl es.

W are just now studying other Kkinds of
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denentia. This is a scan of a patient with a clinical
di agnosis of frontal tenporal denentia showi ng you
activity in tenporal regions as well as frontal
regi ons. This is the FDG PET scan showing you a
slightly different profile.

And | think the great strategy that we've
been alluding to is to include multiple sources of
information in these kinds of studies and also to ask
what kind of question is inportant. If you want to
| ook at neuronal function, FDG PET is a good narker.
Plague and tangle |oad, DDNP PET. W want to add
i nformation about genetic profiles and
neur opsychol ogi cal functioni ng, and there are a
vari ety of other approaches; structural imaging, MRS,
functional MR that can add additional information.

So, in conclusion | just wanted to nention
or review sonme of the points nmade by our neuroi nmagi ng
work group of the Al zheiner's Association, including
nmysel f, Norm Foster, Bill Jagust, Eric Reiman and Mbni
deLeon. We thought that PET conplinents structural
imaging, it can serve an in vivo biomarker to inprove

clinical care and research in Alzheiner's D sease.
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It's clearly becomng increasing available. 1t can
confirmthe presence of a neurological disease in mld
denentia and assist in differential diagnosis.

W felt that it should be considered an
option for the <clinical diagnosis of Al zheiner's
D sease. It shows potential for predicting prognosis
in people at risk for denmentia and assisting in new
t r eat nent eval uati on, i ncreasi ng ef ficiency of
prevention therapy, testing, increasing understanding
of denenti a di seases.

Random zed multi-site clinical trials are
needed to further assess clinical applications and its
use as a surrogate marker in drug devel opnent.

Al ternate nmethods of data analysis need to
be conpared, and the nost effective one standardi zed.

Devel oprent of new PET |igands, we
strongly recommended. And we felt that PET should be
included in all «clinical trials where Al zheiner's
D sease is sought as a pathol ogical substrate for the
t her apy.

And just to acknow edge sone of ny nany

col | aborators and many fundi ng sour ces.
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Thank you very nuch for your attention.

CHAl RPERSON KAWAS: Thank you Dr. Small.
And thank all the speakers in this section for their
i nformative presentations.

The floor is now open for questions to the
presenters on MR spectroscopy and PET.

"1l start then. I'd like to ask Dr.
Dor ai swany, the MR spectroscopy data that showed NAA

wash-out by week 24 and 30, what do you think is going

on there?

DR DOCRAI SWAMY:  Don't know the answer to
t hat . It would be nice if we had another drug. |
mean, right now drugs |ike Donepezil are what we

consider the gold standard for treating Al zheiner's
If we had a true disease nodifying drug, for exanple,
an antianyloid secretinase inhibitor or sonething, and
if we conpared the two, then we would have a true
sense for what woul d happen with an antianyl oid drug.
The second thing is in this particular
study at weeks 24 and 30, you're getting sonme subject
attribution. It's a very small sanple size study, so

it's really hard to tell if what we're seeing there is
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a true lack of effect or is it really a sanple size
effect. So | really can't answer that.

At the tinme we planned the study we didn't
have any good data to estimate sanple sizes for this
kind of a trial and we based it just on the |ogistics
of , you know, doing a small pilot study.

CHAlI RPERSON KAWAS:  Thanks.

Actually, | have a second question for
anybody who presented.

W saw intriguing data on drugs? effect on
various nodalities. Has anyone ever tried using a
non-AD drug to nake sure that we won't get the sane
effect, a drug that we don't believe should be
affecting Al zheiner's D sease that we're sure it
doesn't make simlar changes? How specific is the
effect, | guess is what |'mreally asking?

DR JAGUST: Vell, | think, for PET any

drug that has an effect on glucose netabolism wll

affect the results. So, you know, | alluded in ny talk
t o anphet am nes. You know, | nean an anphetam ne or
barbiturates, | nean, they don't have a fundanental

effect on Al zheiner's D sease. They may change
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patient behavior, but they'll certainly change gl ucose
met abol i sm

So I think, you know, ny point is that
anytime -- any drug can have an effect on the kind of
signal we're looking at in a PET scan, and you have to
understand what the underlying physiology is in order
to interpret the inages.

CHAI RPERSON KAWAS:  Thanks.

DR DORAI SWAMY: | have a comment. I
think in mld to noderate Al zheiner's D sease it may
not matter as much as in the advanced stages where
people are taking anti-psychotic drugs and there's
evidence form the anti-psychotic literature that sone
of these drugs could have potential effects. So at
that point, again, that's a very good point. Peopl e
may need to control for anti-psychotic use.

CHAI RPERSON KAWAS:  Yes. (kay.

kay. Dr. Wl f has a question.

DR WOLF: Yes. M question probably is
directed nore generally because comng from the
i maging side and not from the neurological side, I'm

not that up on what is a nmechani smof Al zheiner's.
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| would Iike to know to what extent is the
anyl oi d pl aque deposi tion t hen reflected I n
intracel lul ar changes? Because what we see in the case
of N-acetyl aspartate and FDG are all events that
happen at the intracellular | evel whereas ny
understanding is, and | stand to be corrected, is that
the anyloid plaque are at the extracellular |evel and
therefore affect sonehow what gets into the neurons or
not .

So the question is do we have any mneasures
on changes from the spectroscopy either from the
spectroscopy or fromthe PET that tell us the rate of
change or the neasures of anyloid plaque that could
direct us then to what is happening in that disease?

CHAI RPERSON  KAWAS: Does any of our

i nvited speakers want to tackle that one?

DR SMALL: Vell, | don't want to tackle
it, but I've got the mcrophone, so I'Il try to
address it.

The anyloid plague correlates with the
di sease. And, you know, whenever | talk about the

DDNP, plaque and tangle imaging, | try not to get into
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debates about the anyloid hypothesis. It may be that
the DDNP would be a great way to track plaque and
tangl e or plaque deposition. And the good news at the
end of the day to the patient mght be you have no
pl aques in your brain, your DDNP scan | ooks great. And
the bad news is the patient wouldn't renenber the
conversation

So, you know, whether it's correlated with
the disease or not, | don't -- whether it's actually -
- if you can clean out plaques from a certain drug
you still may not be able to cure the disease. But |
think the point here, and actually with all these
markers, is getting back to the critical question, is
it a good surrogate marker? Does it correlate with
clinical progression? And if it does, is it something
we ought to be neasuring just like anything else and
leave it up to the drug trials to prove or disprove a
particular underlying path of physiological nechanism
for the disease.

DR DORAI SWAMY: The only thing we know
from spectroscopy is that NAA appears to decline over

time in areas that are effected progressively by
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anyloid. To ny know edge there's no studies in any of
the animal nodels of Al zheiner's D sease, even though
there are studies in animal nodels of ALS and other
conditions. And there's only two postnortem studies
that have correlated wth anyloid, and they' re snall
sanple size studies. So that's the anount of the
i nformati on we have.

DR JACK: You know, it's ny understanding
that the toxic agent in fact is oligoneric fragnents,
so beta anyloid oligoneric fragnents. And in that
sense it may be that there is no perfect bionmarker for
Al zheiner's Disease. The biomarker for the disease in
fact is a neasure of the abnormal metabolism that
over - produces these oligoneric fragnents.

And so every marker, even direct inmage
anyloid burden, in fact may turn out to be a sonewhat
of an indirect market. So the sanme limtations that
apply for markers that everyone admts are indirect,
gl ucose netabolism brain atrophy, NAA et cetera may
in fact apply to direct measures of anyloid | oad.

DR SMALL: | just want to clarify one

thing and then nmake another point. And that is the
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Al zheiner's  Associ ation Neuroi maging Wrk G oup
information that | nentioned, this was information
that was reported at the Stockholmneeting. And it is
a work in progress. The entire commttee is still
going over this information. So if anything, it
reflects the opinions of just the subcommttee, the
PET subcommttee, and it's still being edited and
worked on, so it's not an official position. | just
want to clarify that.

The other thing is in this discussion, you
know, it seens to ne that many of the argunents made
about MRl also fit with PET. | nmean, we're talking
about disease nodification. The way to determne
di sease nodification would be these delayed-start
study designs and simlar study designs. Because one
may find you nmake -- for exanple, you give a drug to
sonebody and let's say hippocanpal volunme increases;
you take the drug away, that volune increase may go
down. W just heard about the exanple with al cohol

So just the fact that a structural change
occurs doesn't prove that it's a disease nodifying --

and the sane thing is true about FDG PET. | nean, |
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showed you sone data where we saw increases in
nmetabolism wth cholinesterase inhibitor drugs. |
didn't give any information what happens when we
wi thdraw the drug. W're presumng that it's going to
be synptomatic just as we see with the clinical data.
But it is possible that a drug could produce a disease
nodifying effect and you <could see that on a
functional inmage. You could withdraw the drug and you
could still see inprovenent in neuronal function.

CHAI RPERSON KAWAS: Qur | ast speaker for
this session is Dr. Mchael Hughes, who? returning to
talk to us about validating surrogate endpoint.

DR HUGHES: Thank you.

|'mgoing to pick up where | left off this
nmorning. |I'mreally going to focus not on biol ogica
nodel s, but |ooking at enpirical evidence from studies
to support the validation of a surrogate. And what
|'"m going to do is illustrate the talk a little bit
with experience from HV where there was a
col | aborative effort to validate viral |oads? surrogate
endpoint. And that's now actually been incorporated

into a recently rel eased FDA gui dance on that issue.
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From a statistical perspective, the nost
commonly cited definition of a surrogate is really
framed in the context of hypothesis testing. And nore
i nportantly, this criterion gives rise to tw
oper at i onal criteria which are sufficient for
val idating a surrogate endpoint.

The first one really deals with the issue
of correlations, so whether it's a prognostic marker
or not. And the second the deals with the idea that
the surrogate nust fully capture the net effect. By
net effect, it neans conbination of adverse and
beneficial effects of treatnent on the clinica
out cone. And as | nentioned wearlier, both are
required. Correlation itself is not sufficient.

This second criteria, it really fits very
well with the part of the Tenple definition about
establishing that changes induced by therapy on a
surrogate are expected to reflect changes in the
clinical endpoint.

So you can devel op a franmework which m ght
used for establishing surrogacy. Firstly, t he

surrogate nmust be a prognostic marker so you can dea
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with that in natural history studies.

Second, is that treatnent nedi ated changes
in the surrogate nust be prognostic. And that
requires interventional studies.

And the third is whether the effects of
treatnment on the marker explain or are associated with
the effects of treatnents on the true clinica
out cone.

So I'"'m going to talk a little bit about
t he second one, then cone back to the third one.

Here's an exanple which | hope wll show
you that just looking at early changes is not --
treatnent nediated changes are not sufficient for
validating a surrogate. So here's a typical situation
where subjects are classified as whether they respond
to treatnment or not, yes or no. And you can see this
is an HYV exanple that the responders near the bottom
here had a much lower rate of progression to AIDS or
death than the nonresponders. And if you look at this
gquantitatively, it's highly significant.

But in this particular exanple 1've

chosen, this was a placebo treatnent. And it really
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opens up the possibility that healthier subjects could
respond to the therapy that you' re studying.

So you cannot establish that a response
variable was a good surrogate using data from an
observational study of treatnent nedi ated changes or a
single arm of a clinical trial. However , it's
inportant that the association between the treatnent
nmedi ated change in the surrogate and the clinical
out cone doesn't depend upon the intervention. dearly,
if it depended upon the intervention, then when you go
to a future study you don't know how to interpret the
results, the marker results, surrogate endpoi nt
results.

Here's an exanple of what was done in the
col | aborative projects. So this is a plot which shows
for a large nunber of clinical trials and for a very
broad range of treatnments within a particular class of
treatnents, shows the estinated association for a one
log reduction in viral load and its association with
progression to AIDS or death. And the fact that nost
of the estimates to the left of the line shows that

reducing viral load wusing these treatnents is
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associated wth better clinical outcone.

And if you look at the very bottom right
hand corner, there's a test of heterogeneity which
establishes that fromthis data there's no significant
evi dence that association varies between the different
i nterventions studied.

And here's a simlar one for a C4 cell
count .

So let's go on and think about the third
aspect, and that's trying to establish that there
really is an association between the changes that are
i nduced by a surrogate endpoint and the changes in a
clinically neaningful endpoint. And it's useful here
to renenber that the real way to show that a treatnent
i nduces changes in outcone is to use a random zed
trial of that treatnent.

And so one nust ask the question then how
can we use information from the random zed trial to
validate a surrogate? So I'm considering a
hypot hetical trial which is conparing treatnents A and
B

A single trial in itself is nost useful
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for providing evidence against surrogacy, as the case
studies this norning showed. dearly, if you get the
effects on the clinical outconme and the effects on the
surrogate going in opposite directions, then that's
evi dence agai nst surrogacy.

If you have a very well powered trial for
the «clinical outcone which shows very simlar
outconmes, but you find a significant difference in the
effects on the surrogate, and again that's useful
evi dence against it being a good surrogate.

Having said that, the interpretation of
this sort of information from a single trial really
needs to be set in the context of a |arge nunber of
clinical trials and assessing whether this happens
very rarely or is a conmon probl em

So what can be done when you' ve got
effects going in the sane direction, so the effects on
the surrogate and the clinical outcone are pointing in
the sane direction? Wll, the first thing that m ght
be asked is whether the association between the
surrogate and the clinical outconme varies between the

random zed arns. In other words, whether it varies
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between the interventions being studied.

And if you find what statisticians call a
signi ficant I ndi rection, in ot her wor ds t he
associ ati on between the treatnent nedi ated changes and
the clinical outcone varies between the interventions,
then that's evidence against surrogacy. It neans it's
not going to be reliable for future studies.

And clinically what this really neans is
that the way that you interpret the different changes
for individual patients depends upon the specific
intervention that was used to obtain those changes.

The next thing | wuld like to talk a
little bit about is the idea of what people call the
proportion of treatnment effect explained. And this
really came -- this idea came out of Prentice? second
criterion that a perfect surrogate nust fully capture
the net effect of treatnent on the clinical outcone.
And in an inperfect setting we're not interested in
fully capturing it, but in partially capturing it.
And there is this concept to proportion of treatnent
effect explained, which is in the literature and has

been used, but is now |largely discredited.
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And the reason for this is that the notion
of a proportion here is fallacious; that you can
actual ly obtain values outside of the range of zero to
1. So finding a proportion of one doesn't mean you?ve
necessarily got a good surrogate. It explains the
treatnment effect on the clinical outcone.

So in terns of what you can do in single
random zed trials, | think the nost beneficial use is
actual ly providing evidence agai nst surrogacy.

In terns  of evidence in favor of
surrogacy, generally |1 think the opinion is that the
framework there is sonewhat flawed. And | personally
think it's very unlikely that any nethod wll ever be
useful in a single trial because what you're trying to
do is explain a treatnent difference which generally
is inprecisely estimated in the first place. So your
ability to explainit is always going to be weak.

So, the obvious step then is to go into a
nmet a- anal ysis of random zed trials. And | think this
is the approach which is nore broadly accepted now.

The basic idea here is to evaluate the

associ ation between the difference in effect on the
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true clinical outcone. So the difference between
random zed arns and the corresponding difference in
effect on the surrogate across nultiple trials. And
it's inportant to appreciate this uses information
from all trials so you have the standard issues of
nmet a- anal ysis about trying to obtain information from
all available trials that address the question of
i nterest.

And this is a schematic of what you're
trying to get at. So you can imagine each of these
points, the center of the cross, being an individua
random zed conparison. So we're asking is there a
correl ation between the differences between random zed
arme in terns of the <clinical outcone and the
differences between the randomzed arns in terns of
t he marker outcone.

And so we've got a large nunber of
random zed conparisons here. And the arrow bars are
nmeant to just mnmake the point that wthin any
individual trial, as in precision and both estinmated
in the clinical outconme as well as the marker outcone.

So this would be a schematic for a good
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surrogate endpoint. So if you imagine in a future
trial you estimate a marker difference up here between
two treatnents, and then you can inmagine drawing a
line down and then across and you could get an
estimate or a prediction for what mght be the likely
difference in clinical outcone.

And this is a simlar schematic of exactly
the sanme situation |'ve just shown where instead of
using arrow bars, the size of the circle represents
the amount of information comng fromthe trial. And
it tends to show the association sonewhat nore
clearly.

Now i f you have inperfect surrogates, then
the effect of that is wusually to -- or wll be to
produce a nore diffused association or even no
associ ati on.

And if you have an intervention which has
an adverse effect on the clinical outconme, what it
will do is produce points either in the upper |eft
guadrant or the lower right quadrant here reflecting
the difference in direction of effect.

So this collaborative group did this, and
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obtained data from all randomzed ¢trials of one
particular class of treatnments in HV. And the markers
of interest were a neasure of viral |oad and a neasure
of immune function. And the true endpoint was what
was typically used in clinical trials at the tine,
whi ch was progression to AIDS or death.

| think a key thing here is that this was
a very successful collaboration between pharma and
academa in obtaining very extensive data. | don't
think there was a single trial that was mssed in this
nmet a- anal ysi s.

And this shows the situation for viral
load. And | think the nost inportant thing is in the
two quadrants, the top left and the bottom right,
there are essentially no points or points with very,
very little information. So there's no real conflict
between the viral load results from these trials and
the clinical out cone resul ts. And, in fact,
statistically you can fit a regression line through
this and you find evidence of surrogacy.

CD4, it's actually nore inpressive except

that you've got this one trial which is clearly having
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inconsistent results between the marker and the
clinical out cone. And this, per haps, isn't
particularly unexpected in that C4 is a nore proxi nal
outcome to the true clinical outcone than viral |oad
iS.

So, I t hought I'd finish just by
summarizing what | thought of some of the issues
facing the validation of surrogate endpoints in
Al zheiner's Disease. | think there's a key issue here
about what is the true clinical outcone that needs to
be consi dered. Clearly you're | ooki ng at an
associ ation between effects on a surrogate and effects
on a clinical outconme. And iif there's nmultiple
clinical outcones, then you want to look at nultiple
possi bl e associ ati ons.

You really do need sone sort of systematic
evaluation of the prognostic value of treatnent
nmedi at ed changes, so that nmeans going into your trials
and |ooking at whether the changes in the markers
really predict the changes in the clinical outcones.

And you want to ask yourself does this

prognostic value vary much between popul ations and
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nmore particularly, between different interventions.

To be honest, I think the biggest
chal | enge of doing anything like this is just getting
people to share data and wundertake this sort of
systematic eval uati on, whet her it's done at a
gqualitative level or at a very quantitative |evel. But
| think this is a key issue. And, obviously, the |ack
of large nunbers of longer termtrials at the nonent
in Alzheiner's Disease also limts your ability to do
t his. But this collaboration is really the essenti al
facet of being able to validate a marker.

Thank you.

CHAl RPERSON KAWAS:  Thank you, Dr. Hughes.
That was very informative.

W do have tinme for a question or two
before |l unch break. Dr. Katz?

DR KATZ: Yes. I think we use the term
"surrogate” in a nunber of different contexts. One
inportant use is whether or not a surrogate has been
validated so that in the next study one could only
ook at the surrogate and not have to worry about

| ooking at the clinical.
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In the other sense, people have already
started to, in a prelimnary way, talk about the
utility of wusing imaging in conjunction wth a
clinical outcome in a particular trial of a particular
drug and suggesting that if those are both correl ated
inasingle trial, or maybe if it was done twice, with
the sanme drug, that that would support a claim that
that drug specifically had an effect on progression.
So not so nuch interested in using the surrogate in
the forner sense in which | just discussed, in other
words not so nmuch worrying about whether or not that
that surrogate can then be used with other drugs, but
just for that one drug if there's a correlation in a
given trial or in tw trials between a clinica
out come and the surrogate.

In your view, would that sort of an
out cone support a claimfor that drug for an effect on
pr ogr essi on?

DR HUGHES: Peopl e have |ooked at this
issue in other diseases. And the basic idea and the
way it's been used in other diseases is to nodel the

association between the marker and the clinica
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outcome within each of the randomzed arns of the
study. And then use that nodel to try and boost your
precision in estimating the difference in the true
clinical outcone.

And it's been used with, | have to say,
very noderate success. The gains that you get from a
statistical perspective, in other words the gains in
precision, are wusually quite mnimal. And that's
because the nodel describes the association between
the marker and the clinical outcone is often not very
preci sely estinated.

So, I think you can from a statistical
point of view you can use the joint information to
support the licensure of a single drug. But | don't
think the gains that you'll obtain within a single
trial are going to be particularly nmarked.

It's really driven at the end of the day
by the information that you've got about the
difference in clinical outcone between the random zed
arnms. And usually that's very inprecise.

CHAI RPERSON KAWAS: Dr. Van Bel l e.

DR VAN BELLE: Just a question. A |ot of



10

11

12

13

14

15

16

17

18

19

20

21

22

214

the information we heard this norning deals with non-
random zed observational studies. Any role for
observational studies in evaluating the effectiveness
of markers or surrogates?

DR HUGHES: Vell, | certainly think
observational studies are very inportant. | think
they have a definite role in establishing that the
mar ker predicts the outcone, clinical outcone. | think
you can use data from observational studies to
establish that changes in marker levels that follow
the initiation of a treatnment also predict changes in
outcone. But there's no way that you can use
observational data to really establish that a marker
is valid in the sense of drug approval. I n other
words, you can never fully establish that the marker
effects explain the clinical effects. You ve always
got this possibility of an association in the
heal t hi er subjects may be the ones that respond to the
t her apy.

So | think you do ultimately have to go
into random zed clinical trials to get the final piece

of information that you need.
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CHAl RPERSON KAWAS: A final question from
Dr. Fogel .

DR FOGEL: Yes. | have two really quick
t hi ngs.

Ohe was you said on one of your slides
that if the surrogate goes in opposite ways to the
clinical outcone, that that is against surrogacy. But
if they reliably go in opposite directions, couldn't
that actually be used as a surrogate since you know if
it's going one way, you know the clinical outcone is
going to go the other way?

And | guess the second question | had was
in parentheses, second sufficient condition that the
endpoi nt must capture the net effect of the treatnent
on the clinical outconme, which neant beneficial as
wel|l as adverse effects. Are we in danger of actually
throwing away good surrogates because the adverse
effects may be drug specific and that in other drugs
where the adverse effect may not be there, you could
still use it as a surrogate but it's just because it
had adverse effects that were specific to that drug

that you' ve thrown it away?
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DR. HUGHES: To answer your first
question, in theory any marker that reliably predicts
the clinical outconme could be used, even if the marker
goes in the wong direction. However, that's a
statistical answer and | think it's really critical
t hough, that you have an underlying biological nodel
whi ch associ ates how the marker should behave with the
clinical outcone.

In ternms of your -- |I'm sorry, | forget
the --

DR FOCEL: The second question, about
second criteria for a surrogate.

DR HUGHES: And what aspect?

DR FOGEL: And whether or not you m ght
be in danger of throwing away a good surrogate because
the adverse effects may be specific to the drug and
not because it's a bad surrogate.

DR HUGHES: Sure. | think that's a good
point. And what it really it enphasizes is the need
not to look at a single study, but to look at multiple
studi es involving different drugs. And you're really

interested in establishing consistency across a range
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of interventions.

CHAl RPERSON KAWAS: Dr. Love?

DR LOVE Just semantic clarifications
for the nonent, because the diagnostic i nmaging
division sonetinmes uses sone of these terns in a
slightly different way.

And ny assunption is that your coments
are relating to using the surrogate for licensure of a
t her apeuti c. W tend to also in our division talk
about how we validate an imaging product for approval
perhaps being licensed to be used in this context. So
you're talking about the fornmer, using it in a true
surrogat e sense, reasonably?

DR HUGHES: Absolutely, yes.

CHAlI RPERSON KAWAS:  Thank you very much.

| want to thank all of our excellent
speakers this nmorning who were very informative and
stayed to tinme, which is why they get a whole hour for
| unch.

And | thank all of the Commttee nenbers
for their excellent questions and their attention.

The menbers of the Commttee will have a
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special place in the dining area where they can eat.
And we will plan on reconvening this neeting at 1:45,
in an hour.

(Whereupon, the neeting was adjourned at

12: 40 p.m, to reconvene this sanme day at 1:49 p.m)
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AFT-EERNOON SESSI-ON

CHAI RPERSON  KAWAS: The neeting of the
FDA's Advisory Commttee for Peripheral and Central
Nervous System Drugs i s now reconvened.

W'll be beginning with the open public
heari ng.

|'"d like to remnd all the speakers during
this portion of the program that in the interest of
the fairness they address any current or previous
financial involvenent with any firm whose product they
wi sh to comment upon.

And our first speaker for the public
hearing is Dr. Eric Reiman, University of Arizona,
Good Samaritan PET Center.

DR REIMAN.  Well thank you very much.

I want ed to of fer somne per sonal
recommendations on the use of brain imging in Phase
1l clinical trials from the perspective of a brain
i magi ng researcher whose interested in using these
techniques in the evaluation of drugs for the
treatnment and prevention of Alzheiner's denenti a.

| have no current financial arrangenents
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with industry. | have served as a consultant to
Pfizer, Elan, daxoSmthKline, Solvay and Meinse wth
regard to the role of these inmaging techni ques and FDG
PET in particular in early detection and tracking.

In ny opinion, brain i1inmaging techniques
shoul d provide ancillary nmeasures of clinical efficacy
in Phase 11l clinical trials, and information about
di sease nodification in these trials.

To date | believe the published data
support the use of volunetric M and FDG PET in the
prediction of a drug's clinical benefit in that they
are reasonably likely to predict a clinical benefit.

| also believe that they are reasonably
likely to determne the extent to which a drug's
benefit is related to disease nodification.

As you have heard, published studies for
both of these nodalities have suggested i nproved
statistical power over traditional outconme neasures
and other neuropsychol ogical test neasurenents, for
that nmatter.

And while | think there is reason to

support its wuse for disease nodification if that
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support 1is provided, then those studies when these
i magi ng techni ques are enbedded in clinical trials, we
will then have the foundation to validate this
surrogate markers.

And of primary interest to our group is
that the validation of these surrogate markers is
absolutely critical for their use in the efficient
di scovery of prevention therapies. Not only secondary
prevention therapies in patients with mld cognitive
i npai r ment , but primary prevention therapies in
cognitively normal persons at risk for the disorder

To date it is very hard, in sone cases
inpossible, to test the efficacy of a promsing
primary prevention therapy. It 1is inpossible, for
i nstance, to study a hornone replacenent therapy if it
was presuned to be safe soon after nenopause and
determne the risk of developing mld cognitive
inmpairment or Al zheinmer's Disease. And | think these
t echni ques have special promse in that regard.

O the imaging techniques that are out
there, | believe that volunetric MR and FDG PET are

the imaging nodalities of choice for these trials. In
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particular, as you ve heard, MJI neasurenents of
hi ppocanpal entorhinal cortex and whole brain vol une,
and FDG PET neasurenents of posterior cingulate
parietal, tenporal and pre-frontal glucose netabolism
publ i shed studies have supported their potential role
in predicting a drug's clinical benefits and
determning the extent to which the changes reflect
di sease nodification.

As vyou've heard, for each of these
nmeasurenents cross-sectional studies have shown a
correlation with denentia severity, studies for nost
of these neasurenents have shown prediction of
subsequent clinical decline and al so prediction of the
hi st opat hol ogi cal di agnosis of Al zheinmer's denenti a.

And there are longitudinal data for each
of these neasurenents now that indicate that the
changes are progressive, provide data for prelimnary
power estinmates and suggest greater statistical power
than traditional outcone neasurenents. As you've also
heard, these declines precede the onset of denentia.
For the MR neasurenents, we have good data show ng

the parallel on decline with nmenory concern prior to
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denentia. For the FDG PET neasurenents we have good
data showi ng these declines precede the onset of any
cognitive inpairnent in carriers of a common
Al zheinmer's susceptibility gene that one out of four
of us have, providing a great promse in the study of
prevention therapies once these markers are better
validated. And to validate these nmarkers, we have to
have these imaging techniques enbedded in clinical
trials.

I strongly believe that two inaging
nodalities are better than one. That the use of both
volunetric M and FDG PET in Phase 111 clinical
trials can largely address nost of the surreptitious
effects that have been discussed to a large extent in
addition to random zed start or wthdrawal trials.
These conplinentary neasures of brain function and
brain structure together can provide converging
evidence in support of a drug's therapeutic effects
And when used together are very likely to provide
i nformati on about outcone and di sease nodi fication.

Toget her they increase the certainty that

the effects would predict outcone and refl ect disease
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nodification. This is less relevant for Phase |I1I
clinical trials, but for proof of concept studies, one
could also imagine an unlikely confounding effect on
one imaging nodality that mnimzes one's ability to
detect disease nodification effect. |If, for instance,
in the unlikely effect that the renoval of plagues
shrinks the brain, one would still have another
measure for proof of concept studies. Less relevant
for this issue, but there are nunerous benefits to the
use of both neasurenents in increasing our certainty
that our findings wll be relevant to predicting
clinical outcone and di sease nodification.

| believe that the conbination of these
techniques will provide the best foundation for the
devel opnent of these likely surrogate markers in
providing information about at l|east one's a valid
surrogate marker in the future. And | believe that
they provide the best foundation for establishing
their relative roles in the efficient discovery of
prevention therapies.

| believe that the use of the conbination

of these techniques for the reasons |'ve described,
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that the additional cost is nore than justified. Both
imaging techniques are wdely available. And |
believe that the logistical challenges can be readily
addressed in performng both studies wusing both
nodalities in these subjects.

So in conclusion 1'd Iike to suggest that
volunetric MR and FDG PET should provide ancillary
measures of efficacy in Phase IIl clinical trials,
that they are likely to predict outcone, that there's
reason to give industry the incentive to get a | abel
for a disease nodifying effect because of that
reasonably |likely criterion. And that once that's
done and these studies are used, we'll have severa
additional long termbenefits of their use.

| believe, as I've nentioned, that the
conbination of MR and PET is justified at this tine
and could help address sone of those Ilingering
uncertainties. And | believe that the long term
benefits of using these techniques in Phase Il
clinical trials are extrenely inportant, the further
validation of these surrogate markers and the

devel opnent of a way to discover prevention therapies,
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including primary prevention therapies wthout |osing
a generation along the way.

Thank you.

CHAI RPERSON KAWAS:  Thank you, Dr. Rei man.

Qur next speaker is Dr. Mary Pendergast
from El an Phar maceuti cal Managenent Corporation

DR PENDERGAST: (Good afternoon, and thank
you for allowing ne the opportunity to present to you
this afternoon.

| am Mary Pendergast, Executive Vice
President of El an Corporation, El an Pharnaceuti cal
Managenent Corporation, the hol ding conpany.

Part of Elan develops and sells genetic
and other tests for Al zheiner's D sease. And another
part of Elan is working to develop therapeutics for
Al zheiner's Di sease. El an does not have an interest in
any brain imagi ng nodality or technol ogy.

In ny witten statenent to the Advisory
Commttee | explained why a surrogate marker does not
need to be validated before it is wused in drug
devel opnent as a primary endpoint. Rat her, any

surrogate marker that is reasonably likely to predict
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clinical benefit can be used to approve a therapy so
long as trials studying clinical endpoints are carried
out later. On that point | think there is an
agreenent between the agency and nysel f.

| also think that if there is a surrogate
endpoint that is reasonably likely to predict clinical
endpoint, the FDA nust permt its use, even when the
agency mght prefer to wait for validation of the
surrogate endpoint or the agency mght wish that there
were trials using well-defined clinical endpoints.
The agency may not agree with that. It probably does
not want to have its discretion curtailed, but I think
that that interpretation is the only way to give
meaning to the congressional directive that FDA nust
facilitate the devel opnent of fast track drugs.

In any event, any surrogate marker that is
reasonably likely to predict clinical benefit, | would
argue in that circunstance the FDA should and would
want to use the surrogate nmarker because Al zheiner's
D sease is a serious public health problem

If you look at the slide, |I'm sure you' ve

all seen the billboards on the buses around Washi ngton
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and other cities. 40 mllion persons infected wth
AIDS, zero mllion cured.
The same is true for Al zheiner's D sease.
15 mllion infected are infected, zero mllion are
cured. And if you look at this slide, you'll see that
in the United States there are four tines as many
peopl e that have Al zheiner's D sease than have AIDS in
this country.

Surrogate markers have made it possible to
devel op di sease nodifying therapies for HV infection.
There are no disease nodifying therapies for
Al zheiner's, and | think one of the reasons why is
because we haven't started using surrogate markers yet
for drug devel opnment in Al zheiner's.

W need to wuse surrogate mnmarkers to
devel op drugs for Al zheiner's because by the tine the
patients have full-blown Al zheiner's D sease, or even
the inappropriately named MId Cognitive |npairnent
and they are showing synptons, they have lost a
significant anmount of their power. They have suffered
probably irreversible neuropathol ogy. While drugs

t hat m ght have synptomatic effects mght be
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relatively straightforward to study wusing clinica
endpoints, that may not be the case for disease
nodi fyi ng drugs. Based on aninmal studies, disease
nodi fying drugs may not show immediate synptomatic
relief, but rather by attacking the underlying
pat hol ogi cal cascade, they mght slow the rate of
neur odegener ati on.

G ven the variable course of Al zheiner's
Di sease, trials showing a change in the slope over
time, even in MJ or AD patients, will be large and
long and a surrogate endpoint mght tell us nore
qui ckly whether the treatnent is working or failing.
W will be able to | earn whether the drug is having an
i npact before the trial participant dies or becones

yet nore denented.

Per haps nor e i mportantly, surrogate
markers wll permt us to study drugs at earlier
phases of t he neur odegener ati on, bef ore t he

neur opat hol ogy becones severe enough to be manifested
by clinical signs and synptons. W want to be able to
study and ultimately treat patients in that 15-year

peri od when the neurodegeneration is taking place, but
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the synptons are not yet troubl esone.

We shoul d al so renenber that the clinica
endpoints «currently wused are sonmewhat crude. For
exanpl e, ADAS Cog has a huge standard deviation. Ten
years from now we wll probably think of our current
clinical endpoints the sane way we now think of the
earliest definition of Acquired |mmune Deficiency
Syndrone, which was a rigid definition based on
clinical synptons, that turned out to mss many
patients with H V infection who needed therapy.

As with HYV, in Azheiner's D sease the
nore valuable endpoints wll probably be the
surrogat es.

In summary, there are several types of
brain inmaging nodalities: M, MRS, PET. If they are
well established or validated as Dr. Hughes has
described, they can be used as primary endpoints for
traditional approval. But even if they are not well
established, even if they are not validated, they can
still be used to support approval of fast track drugs
with confirmatory trials to foll ow

|'d Iike to point out that there was five
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years between the tinme the FDA first approved a drug
for HV infection based on HV PCR and the tine HV
PCR was validated as a surrogate endpoint. That's five
years of patients that received treatnent, that's five
years that patients got a treatnent that could keep
them alive |long enough for the next therapy to cone
down the pike.

There are exanples other than cardi ol ogy
that can be used with respect to surrogate markers
|'ve nentioned H'V. There are other diseases as well.
In my witten statenent | point out the anal ogi es that
could be mnade Dbetween rheumatoid arthritis and
Al zheiner's Disease, diseases where you have both
endpoints based on the signs and synptons of the
di sease and neasurenents based on the structural
damage that the di sease causes.

I urge you to think of the drug
devel opnent | andscape broadly and find, as with HYV,
rheumatoid arthritis, cancer and other diseases that
surrogate markers have an essential role to play.

The questions you need to ask yourselves

are not difficult. They are a question of risk. l's
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slowing the rate of cerebral atrophy reasonably |ikely
to correlate with clinical benefit? Is slowi ng the
rate of accumulated tangles and plaques reasonably
likely to predict clinical benefit? Is slowing the
rate of decay from normal netabolismto hyponetabolism
reasonably likely to benefit the patient? | nean, ask
your sel ves the question: If this was your brain,
would you want it to shrink, get plaques and tangles
and becone hyponetabolic? | wouldn't.

| think one nore point | would like to
make is that this is a question of risk. And one of
the ways risk cones up is in a question with respect
to safety. Because it is definitely true that if you
approve a drug on the end of a couple of Phase II
trials using a surrogate marker, which has been done
many tinmes before by the agency, you will not have the
sanme |arge safety database that you otherw se would
have had. But both the agency and its accelerated
approval regs in 1992, and Congress when it passed the
Fast Track legislation in 1997 had solutions to that
probl em The solutions are several -fold.

First, they require the conpanies to
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continue to study the drug out to their clinical
endpoi nt and out to a large safety database. And those
trials can be conpell ed and they have been conpell ed.

Second, the agency can denand additi onal
safety reporting and nonitoring by the drug conpany
during this period when the drug is approved on a
surrogate and when the final <clinical trials are
fini shed.

Thi rd, the agency can restrict t he
distribution of the drug to practitioners with certain
academ c degrees, to tertiary nedical centers, to
what ever they feel they need to do for the safe use of
t he drug. And they can limt and in fact conpletely
exclude the ability of the conpanies to advertise
about the drug.

And finally, Congress recognized that the
agency wll make m stakes with surrogate markers. It's
i nevi tabl e. And so there are very easy ways of
getting these drugs off the market.

Wien we first invented this system when |
was at the agency, we called it "easy on/easy off."

So, with that, I'lIl answer any questions
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you m ght have.

Thank you.

CHAlI RPERSON KAWAS:  Thank you

Is there anybody else in the room who
would like to make a comment during this tine. Thi s
is the last chance anybody in the audience or
ot herwi se may have. Ckay.

This concludes the public hearing portion
of this neeting, which takes us to what | consider to
be the hard part, although it seens like a lot of
people in the roomdon't think it's going to be nearly
as hard as | do; the discussion of the issues
presented by the FDA

So, I'm going to open the floor for the
discussion in a nonent. | want to rem nd everybody
that in addition to discussing the presentations that
we've heard in general and in specific, that we also
were given several questions that we're supposed to be
focusing our thoughts on. And those questions have
been provided to all of the Commttee nenbers, the
first one of which is: How is the surrogate inmaging

nmodal ity best validated?
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So, with that | open the floor for the
di scussion of the Commttee on how is the surrogate
i magi ng nodality best validated?

DR SORENSEN I was wondering if | could
ask a question of, | think it was Dr. Hughes. As | was

listening to your presentation and thinking about it

over lunch, | wondered if any surrogate endpoints
could ever be considered valid? | nean, you showed
sone data of where cholesterol failed, and | guess

there was sone discussion, Dr. Tenple nentioned, about

hypertension before the definitive studies were in.

And | just wonder how -- and yet we have sone that
have been used by the agency. I"'m trying to figure
out how we get over that -- we nake that deci sion.

It seens |like you described that there

were a lot of ways to show that a surrogate didn't
work if you have single trials that show that there is
a discrepancy. G her than neta-analysis, it seens
like that's probably the way. And even those, you had
exceptions to all of your neta-analysis.

Is there a tinme when sonebody can say, you

know, the Cochran report is out, we're done, or how do
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you actually kind of make that decision?

DR HUGHES: | think you have to put
validity in the context of risks of using a surrogate.
And | think you can reasonably say based upon both
clinical trial data and epidem ological information
that anti-hypertensive effects, cholesterol |owering
effects, effects on viral |oad, possibly effects on
CD4 count in H'V are good surrogates. And that if you
base decisions about the effectiveness of a drug on
the markers based upon past experience, you're very
unli kely to nake an error.

DR SORENSEN. And so is that a database
of 10,000 patients, of 50,000 patients or what?

DR HUGHES: | would say in each of those
areas you're probably talking about a database of 20
or 25 large, randomzed trials and in each of those
cases | think there's epidemological evidence after
the sort of validation process is being conducted to
show t hat you were right.

In other words, if you take HV as an
exanple, the effect on the marker is dramatic and the

effect on clinical outconmes has been dramatic and you
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can see it in surveillance data in the U S

DR SORENSEN:  Yes.

DR HUGHES: So | think in those contexts
for the types of interventions that were being studied
or evaluated, the risk of inappropriate approval is
probably m ni mal .

Now, having said that and if | take HV as
an exanple, that's been denonstrated for antiviral
drugs within certain classes. That doesn't nean that
those sane markers would work well for, say, immune
based t herapi es.

And | don't think, for instance, the FDA
woul d necessarily advocate the use of those markers
for immune based t herapies.

DR SORENSEN:.  Sure.

DR HUGHES: So I think in sone areas |
woul d consider the markers have been validated in the
sense that the risks of wusing those nmarkers for
certain classes of interventions has been m ni m zed.

DR SORENSEN: Wll, so then just to
finish nmy coment, | guess | wasn't counting exactly

how nmany studies were presented today, but | don't
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think there were 25 randomzed trials of this. At
least it doesn't look like we've got a validated
surrogate endpoint for brain inmaging in Al zheinmer's as
of yet.

CHAI RPERSON KAWAS: I think that probably
a large nunber of people in the room would agree with
t hat statenent.

| have a question for any of the invited
i magers or anyone el se.

W' ve tal ked about human studi es today and
we' ve seen sone interesting human data, although not
25. Has there been any work done with aninmal nodels to
show that these interventions and these neasurenents
may be relevant? And if so, can sonmeone share sone of
that wth us?

DR De CARLI: It's not ny own data, but
there's nouse nodels showing that there is brain
atrophy acconpanying the progression of the disease.
They were abstracts presented at Stockholm | don't
know t hat they've becone full papers, but | think they
will be shortly. But there is sone prelimnary aninal

data that shows atrophy associated wth the
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progression of the disease.

CHAI RPERSON KAWAS: And is there any data
that shows that i nterventions, for exanple the
vacci nation mce, has anyone inaged their hippocanpal
vol unme or --

DR De CARLI: I haven't seen that data
yet .

CHAl RPERSON KAWAS: O their NAA?

DR De CARLI: | haven't seen it.

VB. ROBERTS: Having applied it to
t herapeutic nodality, but rather than using FDG PET
we used FDG autoradi ography and PDAPP transgenic mce
and found that they had a preferential and progressive
decline in posterior cingulate glucose netabolism the
one brain region that is honologous to that in the
humans suggesting that dysfunctional brain inmaging
measure m ght provide a way to track disease
progression in the aninmals and screen candidate
treat nents. But that needs to be extended to other
nouse strains and confirmed in other studies.

CHAl RPERSON KAWAS: Dr. Snal | ?

DR SMALL: W've also done studies wth
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transgenic Al zheiner's m ce with FDDNP with
aut or adi ography and found increased cortical signal
conpared to control mce.

One of the challenges with mcro-PET is
that the nouse head tends to be a bit too small to
pick up the signal. So if we could get sone good
transgenic rats, we mght be able to get a little bit
farther, they tend have bi gger brains.

DR FOX Wth your permssion, |I'd like
just to make a comment on the question from Dr.
Sorensen. Wuld that be all right?

The exanple given of hypertension 1is
perhaps the -- in terns of nunber of patients, perhaps
the nost validated surrogate. | think it would be
worthwhile to think about sonme of the hypothetical
possibilities that we've drawn up about brain inmaging
as a surrogate, for which | accept there are |ot of
possibilities where you could alter the surrogate
wi thout altering the outcone.

But if we take hypertension, venesection,
massi ve venesection would probably reduce your blood

pressure but mght not alter the outcone in the way
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you woul d hope.

So | think it's always possible to put out
some possible hypothetical exanple of where the
surrogate would fail, and it's all dowmn to
understanding or trying to understand the pathol ogi ca
cascade. So | think, you know, a nassive venesection
m ght not be a good effect on clinical outcone, but
woul d effect bl ood pressure.

CHAI RPERSON KAWAS:  Thank you

Let ne try and summarize and then everyone
can tell nme how | m s-summari zed.

I nmean, it sounds to nme from the
di scussion that we've heard so far and the invited
speakers who showed us data that overall the genera
sentinent is the best way to validate a surrogate
mar ker woul d be in human studies by conbining nmultiple
studies. And | seemto have heard a lot of calls for
putting imaging into ongoing clinical trials in order
to be able to do that.

Is the answer potentially to our question
that the best way to validate a marker is to continue

on doi ng human studies as opposed to trying any other
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al ternative approach?

Dr. G undman?

DR GRUNDNVAN: Yes, | agree. | think we
need to do human studies. But | think what we really
need to do is a large nulti-center type study where we
ook at serial PET and MR in conjunction wth the
cognitive and clinical outcomes and see how they
predict the clinical outcones in a really rigorous
prospective fashion. | think that would give a |ot
nmore credence and credibility to the field in terns of
usi ng themas a narker.

CHAI RPERSON KAWAS:  Wich is basically how
the clinical trials for the nost part are being done
now, at multiple sites. So superinposing it on the
trials would be a strategy as long as it net those
requi renent s?

DR GRUNDVAN: Yes. I nmean, the other
problem you know, in terns of validating a marker, in
terns of requiring that a drug actually nodify the
surrogate and nodify the disease outconme is that, you
know, this may not be possible. W don't have drugs

right now that can do that. So I would say in the
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absence of a drug effect that we can definitively
state has an effect on the outconme, even an
observational study, a large observational study that
could make the correlations between the PET and the
MRI and the clinical outcomes would be a reasonable
approach right now.

CHAl RPERSON  KAWAS: I have anot her
question, actually, for our invited speakers.

Dr. Fogel, did you have --

DR FOCEL: Yes. It seens that | agree
with Dr. Sorensen that we don't really have a specific
surrogate at the present tine that |ooks like we can
use. And | was wondering if maybe Dr. Hughes m ght be
able to address it.

Even though we don't have just one
singular surrogate, | guess |I'm wondering in terns of
using a, for lack of a better word, a conposite
surrogat e? W've heard of a nunber of candidate
surrogates that one mght be able to use. But I'm
wondering from a statistical standpoint, and | guess
from a study design standpoint, would it be better to

-- or how hard would it be to conbine sone of these
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surrogates to nmake a conposite surrogate, if you wll,
wei ghted or unweighted and then use that conposite
surrogate to be able to tell whether or not that goes
towards the clinical outcone? Because it doesn't seem
fromlooking at all the data that any one will do it.
But if we conbine two or three and weighted it, or
however one wanted to do it, whether or not that m ght
be a useful approach to using surrogacy for clinical
out cone.

DR HUGHES: I think that's an excellent
poi nt . | think the way that you would validate a
conposite would be exactly the sane as you would
val idate any individual neasure. So | don't think it
changes the validation process. And you've got the
same problens with |ack of information.

DR FOGEL: Although if you have a nunber
of different, you know each one has a certain
percentage to correlate, for lack of a better word,
with the clinical outcone. And | guess |I'm just
wondering if each one has that certain snall
percentage, the intersection of all three mght be

nore specific than either one together. And | think
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the crux of the problem here is that it's not
specific. These things can go awy in many different
ways.

| believe sonebody talked about wusing
anphetam nes to increase glucose uptake as opposed to
just being due to Al zhei nmer's. And | guess the
guestion is if we neet at the intersection of 3 or 4,
or however many people eventually decide mght be a
good thing, that that intersection point mght be the
goal that we want to reach rather than any individua
one.

DR HUGHES: No, | think you're quite
right that you could create a conposite which would be
much nore specific. And | guess the way that you would
start going about that would be in, for instance,
nat ur al history studies to <create a prognostic
i ndi cat or based upon several neasures which woul d be a
better predictor of ultimate outcome. And then having
done that, validate it in much the same way as you
woul d validate an individual nmeasure within a clinica
trial.

DR FOCGEL: | nean, there's precedence in
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the congestive heart failure world about using
conposite endpoints to |ook at the efficacy of drugs.
And |I'm just wondering whether or not a simlar
framework mght be useful in Al zheinmer's D sease as
wel | . So it isn't like there's no precedent for it;
there is.

CHAlI RPERSON  KAWAS: Dr. Provenzale, and
then Dr. WIf.

DR PROVENZALE: Thank you.

| think one of the fundanental issues
we're trying to grapple with here is how to nmake the
junp from a prognostic marker, even a very good
prognostic marker, to a surrogate marker. And | think
part of the discussion has gone along the lines of,
well, maybe if we conbined a nunber of prognostic
mar kers, does that make a surrogate nmarker.

And I'd like to, vyou know, ask the
question of the group what is it that is presently or
what do people feel is presently lacking that would
make the difference, that would push us over the hunp,
as | think Craig was getting at? And | don't think

the answer is sinply just tacking on nore and nore
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prognostic markers. But as Dr. Gundman Kkind of
poi nted out, the problemis that we don't have a drug
that effectively treats this disease, so how do we
sonmehow pull surrogacy out of this? ["m sure it's
possible, but I think that's where we're stuck.

CHAI RPERSON KAWAS: Do you feel the need
to respond?

DR GRUNDVAN: No. | was just going to
say, basically that's the problem we're in a catch-
22. You're saying we can't have a surrogate unless we
have an effective drug. So once we have an effective
drug, we won't need a surrogate anynore.

DR PROVENZALE: You have to pull yourself
up by your bootstraps, and how do we do that?

DR SORENSEN. And you need 25 studies.

CHAI RPERSON KAWAS: Dr. Katz?

DR KATZ: Vell, | guess it matters what
you nean by all of this. Again, there are severa
concepts. One is how do you validate a surrogate or
the question | probably would be nore interested in
hearing responses fromthe Commttee on is whether or

not anybody thinks that any of the surrogates proposed
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today, or any other surrogates for that matter,
candi date surrogates have actually been validated in
the ways that Dr. Hughes tal ked about, and a | talked
alittle bit about? I think I know the answer to
that question, but | still think it would be useful to
hear people tal k about that.

As far as, you know, sort of this catch-
22, of course if we don't have a drug that has an
effect even on the surrogate, let alone whether we
know it has a clinical effect, of course we coul dn't
approve such a drug. But as you've heard from various
peopl e, we do have a standard, an alternative standard
for the approval of drugs, so called fast track drugs,
whi ch we can i npose.

Now, Mary Pendergast suggests that we nust
inpose it. I'm not sure. |I'm not sure that there's
that nmuch difference, quite frankly, in our views.

But nonetheless, there is a standard. And
that standard says reasonably likely to predict. So at
some point if you think that no candi date surrogates
actually have been validated, we have to discuss

whet her or not anybody thinks that in the absence of
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any clinical finding for a particular drug, whether or
not an effect on one of these potential candidate
surrogates is reasonably likely to predict. And then
if we pick a surrogate, let's say MRS or NAA or
whi chever one you mght pick -- you m ght pick none of
course -- but if you picked one, we could use that as
the standard to test the next drug that cones down the
pike. And it either wll have an effect on the
surrogate or it won't.

So | don't think we have -- | think you
have to worry about having a drug that does this when
you tal k about validating a surrogate. But if you want
to inpose the standard of reasonably likely which
permts the approval wthout expressly and explicitly
wi thout validation, then you' d pick one, and we'd use
it.

So, | don't think we have to worry so nuch
about the so-called catch-22 or the absence so far of
such a drug.

CHAI RPERSON KAWAS: I'"d like to give Dr.
Wl f a chance to speak. But then would it be hel pful

to you, Dr. Katz, if we sort went around the table and
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| et each person express whether or not they think any
of the images that they' ve seen today have been
validated for use as a surrogate and if so, which
ones?

DR KATZ: Yes.

CHAl RPERSON KAWAS: Ckay. Dr. Wl f?

DR WOLF: Well, ny question wll address
this partially. Because one of the problens we have
with many of the inmaging nodalities we have seen is
that the techniques and procedures that were used for
many of them were quite different. And although we
have a nunber of studies that use, for exanple, M,
because they wuse different protocols they are not
strictly conparable.

So one of the problens we need in
devel oping the prospective studies is to have a
uniform well thought out protocol so that we can
conpare studies across nulti-centers. And right now we
have a nunber of comon studies that use the
technol ogy, but which are done in a different manner
and t herefore, are not necessarily strictly

conpar abl e.
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So, for exanple, we have seen sone data
where study X got positive results, study Y got
negative results. And they're probably both done
correctly. But because they were doing things in a
slightly different manner, their results cane out
differently.

So this is one of the problens that we
have to face. | nmean, what is the tinme resolution,
what is the spatial resolution, what's the degree of
| ocalization; what are a lot of these paraneters we
use in imaging nodalities and how conparable are they
fromone side to another.

CHAl RPERSON KAWAS:  Thank you, Dr. Wl f.

| think that Dr. Katz actually gave us two
separate questions, and I'd Iike to sort of sort them
out as we go around the table and |et everybody give
t hei r opi ni on.

So the first question is have any of these
mar kers been validated for use as a surrogate, at
least on the level that the individuals believe it
shoul d be. The second question, which we wll take up

later, is the reasonably likely possibility that any
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of these markers may be useful, and which of those
mar kers have net that |evel of standard.

So, to begin with, can we start with the
right side of the table and we will give everyone an
opportunity to answer the question whether or not they
think any of these nodalities have been validated as a
surrogate marker in the disease of Al zheiner's.

Dr. Provenzale, | think --

DR PROVENZALE: It's ny opinion that none
of these have been validated at present as a surrogate
mar ker .

DR FOCEL: No, | don't think any one of
t hem have been validated either, although |I would |ike
to at sonme point get back to the concept of whether or
not by a neta-analysis one could use a conposite, and
the data may even be there it would be valid but we
don't know it because the analysis hasn't been done, a
conbi nati on of various surrogates.

DR VAN BELLE: | don't think any evidence
has been presented yet that would convince ne. And
especially because | think as we heard this norning

and | think this nakes sense, you would only be able
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to establish effectiveness if you had a series of
random zed clinical trials.

Oh that point, given the <claim for
inproved power, it should be relatively easy to
i ncorporate these candidate surrogate endpoints into
clinical trials because presumably they're going to
have bigger power than sone of the other clinical
endpoi nt s.

CHAlI RPERSON KAWAS: Good poi nt.

Dr. Penn?

DR PENN: Il think for all effective
purposes the MR quantitative neasurenents of atrophy
have been validated for being quantitative neasures of
atrophy; just that. And that it is reasonable to use
those as a surrogate. And that it does, in fact,
nmeasure di sease and that within 10 or 15 years we w ||
be | ooking at the disease that way rather than | ooking
at clinical manifestations. And it's going to be a
painful thing to go through this transition, but I
think that it's very likely that it'll happen in the
same way it's happening in M5 now for using MR to

show t he di sease itself.
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CHAI RPERSON  KAWAS: Cay. I think ny
opinion is that none of the markers to date have been
adequately validated for use as surrogate in studies
of AD.

DR GRUNDIVAN: | would very much like to
have a valid surrogate marker, but | agree with you. I
don't think that we actually have one. | think, you
know, if you look say just at the MR neasures and you
wanted to have sone sort of standard outcone in the
clinical trial that we could use as a standardized
nmeasure, | wouldn't know right now whether or not we
shoul d | ook at the hippocanpus, or we should | ook at
whole brain, or look at gray matter or |ook at sone
ot her nmneasure. What's the best neasure of clinical
progression as it relates to a standard clinical
outconme neasure that we would look at in the clinical
trial. And | don't know the answer to that. And that's
why | think we need to do those sorts of prospective
| arge scale studies to nmake those correlations in a
sort of definitive way and figure out what the best
measures of brain atrophy actually are.

And | can say a simlar thing about PET.
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You know, there were different regions of the PET scan
that showed decreased netabolic rates and, you know,
posterior cingulate frontal, tenporal, you know [|I'm
not sure which, was it the whole scan, is it part of
the scan? What particular segnent would you be
| ooking that? W saw sonme neasures that correlated on
the left side of the brain that correlated better with
t he MSSE than ot hers.

| think at this point we just don't know
whi ch neasures even of the PET scan are the best or
nmost cl osely associated with the outcone neasures that
we're interested inin aclinical trial

CHAl RPERSON KAWAS: Dr. Wl i nsky?

DR WOLINSKY: So the short answer is no,
these are not validated surrogates. The | onger
answer, which | feel conpelled to give, is that there
is very intriguing data that's been presented  here
and outside of the room that says that quantitative
i mge analysis and functional inmaging of various types
is our only portal to the pathology of brain disease.

And I'm not at all <confortable that any of our

current "clinical outcones" are nore reliable than
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these portals will be in the long run. And, in fact,
' m very discouraged that at |east sone of the things
that | deal with are not telling us a good picture of
what goes on.

The issue, though, is a little bit
different and comes back to the first answer, which
is, no, these are not proven surrogates, they can't be
in the definitions that we've been given to work
under. And nmaybe after we get around the table if
there's time for other things, we could maybe think
about nore novel ways to use these kinds of critica
tools in trial design that mght be nore useful in
di ssecting what happens in trials. But that's a
| onger st atenent.

DR CHU Up to now, the clinical inmaging
-- because I'm stating froman M point of view, and
we read the M and then we do a profusion, we do a PET
scan. And we do see it. Actually, today it's
listening to lectures. W |ack of understandi ng what
M can do. So we should have nore education in this
regard. Because M up to now, it's throughout whole

United States. It's only you have 1.5 test results.
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W don't have to go any -- you know -- good scanner.
And we can performit, we can really see the cortical
atrophy. W do see a hippocanpus abnormality, even
t hough not specific for AD. But we do see the changes.

So | believe in the M imge and PET and
t he fusion inage.

CHAl RPERSON KAWAS: So are you sayi ng they
have been validated or they just have potential
prom se, need further study?

DR CH U From our center's point of
view, the clinicians who believe in that, we continue
to --

CHAI RPERSON KAWAS: So you believe that
they have been adequately validated as surrogate
markers for use in drug trials?

DR CHU That's correct.

CHAl RPERSON KAWAS: Dr. Ramsey?

DR RANMBEY: I would agree with Drs.
G undman and Wl insky, and for the sane reasons that
they gave, but I'Il w thhold ny opinion from PET since
| don't know enough about it.

| hesitate a little bit because | think
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there are a | ot of people behind ne who are probably a
ot smarter than | am who think that they are valid

markers. So that bothers ne a little bit. But even as

they were presenting their information, I kept
feeling, as Dr. Chiu did, that I want to see nore
images, can | see a little nore about that. What

about the T2 weighted images, are there a |ot of hyper
increased signal intensity areas, is that what's
really depressing the NAA? What else is going on? Do
they have seizures, is that what's really affecting
t he tenporal |obe?

So all of those concerns. And maybe it's
just because in this short period of tinme we can't
present all the data that's out there, but | feel that
from what we saw and what's available, it hasn't
really validated as an acceptabl e surrogate.

CHAl RPERSON KAWAS: Dr. Beanf?

DR BEAM My short answer is sinply that
| don't know. I wsh | could say yes or no at this
point in tinme, but given the data that |'ve seen in
the short period that we've been here, | just can't

make this determ nation right now.
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| would like to abstain from the question
on the basis of sinple ignorance. | would like to
have nore discussion about this and perhaps a |onger
presentation of the existing data mght lead us to a
different conclusion in the future.

DR WOLF: M concern is that |I'mnot sure
how valid and how neani ngful the clinical data are and
to what extent they are definitive and they are truly
a gol d standard.

If we go to the basis that the current
clinical procedures are an absolute gold standard,
then I'm not sure the inmaging nodalities are yet
proven to be equivalent. If on the other side, we
have concern that the clinical neasurenents are also
fraught with a lot of wuncertainty, then probably the
imaging nodalities are close in wuncertainty. And
under the circunstances |I'm not quite sure to say yes
we can discard them | think we need to consider them

| think we need to for each drug we need to consider
t he wei ght of the evidence.
And if imaging nodalities provide enough

supporting evidence that reinforces and supports sone
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of the clinical data, then they nust be considered as
part of the package.

As single systens because they are not
part of the traditional standards, | don't think we
want to go for that. But at the sane tinme, we need to
continue |ooking at them because, like Dr. Wblinsky
said, | don't think we have a good neasurenent at the
present with the clinical outcone.

CHAl RPERSON KAWAS: (kay. Dr. Sorensen?

DR SORENSEN: Yes, it's also ny opinion
that the standard for validation of surrogate endpoint
has not been net by any of the data we've seen so far.

CHAI RPERSON KAWAS:  Thank you.

Dr. Kin®

DR KM From the data presented today
and sone of the literatures that are available, | see
changes but I'myet to nake the connection between the
changes that we see here on the data and what we see
it as a connection between that change and the AD. So
I'"mstill yet to be convinced with that.

CHAI RPERSON KAWAS:  Thank you.

Dd you want to --
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DR VAN BELLE: No. | think we got a
pretty clear view of whether or not people in general
think that any of these have been validated in the
sense that we've been talking about. And that's very
hel pf ul .

If I can nove to the next question, which
is, given that the consensus is that none of these
have been validated, the question then arises whether
or not we should rely on the drug's effect on a
surrogate -- 1'Il leave for the nonment which one or
whi ch ones -- whether we should rely on the effect on
the surrogate solely in the absence of clinica
changes to support the approval of a treatnent for
Al zhei ner' s D sease.

As | pointed out earlier, and as Mary
Pender gast pointed out, we have |anguage both in the
regulations and in the statute, in the Act, the I|aw,
that say that we at the very |east can approve a drug
on the basis of an effect on a surrogate that is
reasonably likely to predict a clinical benefit or to
represent the clinical benefit I|ike, for exanple,

pr ogr essi on.
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| know you've heard the term all norning
and afternoon "reasonably likely." And, of course, I
can't give you a lot of guidance as to what that
means, although the language in the regulations talk
about epidem ol ogic, pathophysiologic or other sorts
of evidence. That's not very helpful. But the
guestion now given that you believe that no surrogate
is validated is should we rely on the effect on a
surrogate in the absence of a clinical change at this
point, at this tine, to approve a drug for Al zheiner's
D sease, which if you say yes, you have had to have
concluded that it was reasonably likely to predict or
to represent a clinical change. And if you do say
yes, |'d be very interested to know how you' ve cone to
t hat deci si on.

But that's the question: Can we approve a
drug on the basis of an effect on an unvalidated
surrogate in the absence of a showng of a clinica
effect?

And again, | would ask you when you think
about that to take into consideration Mry's point,

which was that there is a belief, anyway, that a drug
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that would have an effect on progression may not have
an effect that can be seen clinically very early.
Ri ght now the synptomatic treatnents can show effects
in 6 weeks, 3 nonths, 6 nonths certainly. But there is
a question as to whether or not a drug that has an
effect on the underlying progression as represented,
perhaps, by a surrogate wll show clinical benefit
early.

So, anyway, that's the question we
critically need you to discuss.

CHAl RPERSON KAWAS: Dr. Van Bell e?

DR VAN BELLE: Apropos to that point,
|'ve been pondering a graph that Dr. De Carli showed
from the Fram ngham study where he has data relating
the brain volunme from age 30 to age 95, basically |
don't know whether you renenber that graph or not.
But it's ~clear that there was a very steady
progression of decline in brain volune fromage 30 on

| wonder if he had superinposed on that,
say, the MVBE that mght have been estimated at the
sane time, whether that would have shown a decline as

wel |l or whether that's pretty standard?
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The point I'"'mtrying to make is that |I'm
not convinced yet that changes in brain volune are
necessarily associated with changes in cognition. And
| think that's really a prerequisite for dealing with
one of these inmaging surrogates as a possible nodality
for a clinical endpoint.

CHAI RPERSON KAWAS:  Thank you.

Dr. Sorensen?

DR SORENSEN. Yes. 1'd like to respond to
Dr. Katz.

| think -- | was hoping you were trying to
set up a kind of a straw man by saying is there any
chance that one would be happy with an agent that
didn't have a clinical benefit but did have an M
benefit. And certainly if one had the option to have
both a clinical benefit and an inmaging benefit, you
woul d certainly take that option.

And so ny initial response was of course
not, that wouldn't be feasible. But then | got to
t hi nki ng about kind of potential scenarios where the
answer -- where | could try to find a way to say yes

to that. And the best analogy | could conme up with in
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the few nonents is the coded stens that we've seen
such dramatic results from angiographically, and yet
it mght take, you know, years to provide that their
clinical outconme had sonme neani ngful benefit in, say,
survi val of patients.

And so | guess | can inmagine an scenario
where soneone mght have a conplete cessation of
atrophy that had been, you know, docunented before
they were on the drug and then they stopped. And that
the MMSEs or the ADAS Cog tests were trending towards
a positive inpact, but they hadn't actually reached a
positive inpact. And so you'd have to say there is no
evidence that statistically that there was a clinica
benefit.

You know, would | want to at that point
say to patients that this drug couldn't be approved?
| think at that point 1'd probably go squishy and say
"Well, let's look at the safety profile, let's |ook at
sone of the other mtigating factors." Because we
don't really have good tools to understand what's
going on in the brain. And if this one marker, whether

it was the ADAS Cog score that we knows it has sone --
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sonme challenges or whether it was an inmaging score

showed a lot of benefits. Even if the other ones
didn'"t. | would hate to close the door on that.
So, I think that the challenge of

prospectively defining what that s, what that
reasonableness is, | think is very hard. But to say
there's no scenario at all under which | could cone up
a situation where | didn't have a clinical benefit,
but I did have an inmaging benefit, would I never allow
that to lead to an approval? | don't think I'm ready

to quite close that off conpletely.

DR KATZ: I1'mnot -- if | can respond.
Yes, |'m not asking whether or not there
is -- it's possible at sonme point or there is sone

i magi ng marker that at some point maybe, you know, |I'm
not asking if we should close the door forever and all
time, or even if we should close it now. ' m aski ng
should we open it now, really.

|'m saying right now do you think that
there is an imaging nodality, a surrogate nmarker if a
drug was shown to affect it beneficially but have no

clinical ef f ect in a trial of sonme reasonabl e
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duration; whether or not those sets of facts should
allow us or should force us to approve a drug for
Al zhei ner' s D sease now.

DR SORENSEN. (Ckay. So you're not closing
it quite -- sorry. I'll just finish the point if

that's all right.

| see. | thought you were going to try to
take -- peel away from one extrene down to sort of the
r easonabl eness i ssue. And | guess | would still say

that those markers that could lead to success that
would I think be conpelling evidence that a drug m ght
have benefit, could even be the ones we've seen today
as unvalidated as they were. | f sonmebody cane to ne
with a set of data that was |large and the inmagi ng was
done well, and they had a |ogical scientific argunent,
and they just barely mssed by their clinica
performance scores, |'d certainly be very tenpted to
seriously consider that, and would have to weigh in on
ot her aspects. 1'd have to look carefully at it and I
woul dn't want to close the door to that.

DR WOF. | would like to support what Dr. Sorensen

just said and expand it a little bit.
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If the imaging nodality shows definite
positive results and the clinical outcone is not
deteriorating, does not show a signi ficant
deterioration, then that drug nmay be considered
seriously.

If on the other side there is a positive
i maging outcone but clinically the patients continue
deteriorating, then obviously the inmaging nodality
cannot be weighed over the clinical arena. But the
question is is when we have the borderline situation,
whether there's no significant deterioration from the
clinical point of view

One of the things we don't know is what is
a tenporal relationship of what we neasure. Are the
imaging nodalities giving us information that s
earlier or later that wth what we nmanifested
clinically? And if in the case that the inmaging
nmodalities give information that manifests itself at
an earlier stage, then shorter trials may reveal
sonething that the clinical trial just have not caught
up with.

So, again, it's sonething that needs to be
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left open depending on the correlation between the
clinical and the nonvalidated i magi ng nodality.

CHAl RPERSON KAWAS: Vell, | agree wth
both of the previous speakers, but actually | would
like to contract the discussion back down a little
bit. And if | understand Dr. Katz' question, | would
i ke to respond.

As a person who works in Al zheiner's
D sease and sees these patients and understands what
the images look like in these patients, | really am
absolutely -- | nean, | conpletely understand the
correlation between the imaging and the patient's
st at us. But what | don't find convincing, | think,
and |'ve been trying to find all day, and | do think
in the future we mght have but | really believe very
strongly we don't at the nonent, is any evidence that
makes ne think that it is "reasonably likely" that
altering these markers would necessarily have an
effect on the disease.

' m not convinced that we've seen anyt hi ng
here that couldn't just turn out to be hair color, and

that aging would still go on and death would still
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happen, and the hair would be black or the hippocanpus
woul d be bi gger.

| think that superficially it sounds very
tantalizing to assune that these things track very
strongly with disease state, but | don't think |'ve
been shown any evidence that makes ne feel confident
in saying it's reasonably likely that altering these
paraneters woul d have that effect.

|'d especially -- | want everybody around
the table to try and give their thoughts. So, can I
try going around agai n?

DR PROVENZALE: Well, | was asked for ny
short answer to the last question, and | gave just a
short answer.

But it's clear to ne that probably one of
the imaging techniques or a conbination of imaging
techniques that were presented today wll prove very
val uable in assessnent of therapies for this disease.

And so to get to the question when or under what
ci rcunst ances should one feel confortable relying on
one of these inmaging techniques as a reasonably likely

to be successful surrogate marker, | would say that
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there are probably a nunber of venues under which if
well controlled prospective randomzed trials in,
let's say, that involved nultiple sites all using the
sanme techni ques, the sanme pul se sequences, let's say,
or the sane PET imaging sequence, if they showed
overwhel m ng evidence that one of these markers --
| et's use hippocanpal volune as an exanpl e.

Qovi ousl y, i f we're t al ki ng about
volunetrics, we could be talking about the whole
tenporal |obe, we could be talking about the whole
brain, we could be just talking about snmall areas of
t he brain.

But, for instance, if there were a study
in which a therapeutic agent was in a random zed
controlled trial given subjects who were at high risk
for developing AD but who at the beginning of the
study all had normal hippocanpal volunes, and if the
study were executed properly and if a big difference
were seen in the rates of change of decrease in
hi ppocanpal volunes, that would be to ne fairly
conpel i ng evi dence.

Qoviously, as Dr. WIf pointed out, we'd
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have to take the clinical into consideration; that
goes w thout saying. If the hippocanpal vol unes
remain stable but the MVBE were deteriorating, that
would be a different situation. But to ne that would
be very provocative and prom sing information.

Unfortunately, | think that we're stuck
with a disease that progresses relatively slowy over
time. And so we would not expect to see a dramatic
change, a stabilization or inprovenent in MVSES over
months or a year or two. And so we have to, | think
nmore or less rely on markers such as this.

So although they're not validated, | think

they offer as sonmeone put it, that's our w ndow into

| ooking at this disease. | don't know which one it
is. I think it's quite possible that a conbination of
the two, let's say thin section MR inmaging for

volunetric analysis with coregistered PET inmaging or
coregi stered MR spectroscopy and PET imaging, or all
t hree techni ques together.

Al t hough I don't t hi nk t hese are
validated, |I think we have to sonehow figure out how

we're going to use themto advance the field.
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DR FOGEL: | thank you

Vel l, you know, because a surrogate by our
definition neans that we have to have an intervention
that reliability predicts the clinical outconme, we
obviously don't have in ny opinion. So what all these
great tests that we've been talking about falls into
the realm of prognostic marker than surrogate. And so
when we talk about reasonably likely to help the
di sease, we're really talking about reasonably likely
using prognostic markers rather than surrogate
mar ker s.

And | guess | have a question for Dr.
Katz, and that is we've heard a nunber of tines
al ready that these "surrogate markers"” can be used in
Phase Il trials as drug picks to go on to further
evaluation in Phase IIl trials. And we're essentially
we're being asked is do we want to take this out of
the realmof Phase Il trials and enlarge this to Phase
IV trials be unleashing it on the public. And so |
guess |'m wondering how confortable the FDA feels
about taking stuff from Phase Il to Phase IV on the

basi s of these prognostic markers?
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DR KATZ: Wll, | think that's the
guestion we're asking you folks. VWat we want to
know, and | don't really -- that's post-nmarketing.
But Phase 11, Phase 111, people have their own

i diosyncratic definitions of what those nean.

My question to the Commttee is do you
think it's appropriate at this tine to base an
approval of a treatnment for Al zheiner's D sease on the
basis of a change on one of these candi date surrogate
markers in the absence of any clinical change? [|I'm
tal king about the definitive trials on which approva
woul d be based. So that's the question |I'm asking.

DR. FOGEL: Under the nost likely
scenari 0?

DR KATZ: Wether or not an effect on any
of these surrogates. And by the way, for those who
think that these surrogates are reasonably likely, it
woul d be very useful to hear which ones do you think
are.

But, vyes, under the reasonably Ilikely
standard, whatever that neans. Do you think it's

reasonably likely that an effect on the surrogate in
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the absence of a clinical finding is reasonably |ikely
to predict a useful clinical outcone.

DR FOCEL: And | guess in ny opinion it
falls, again, back to that we're dealing wth do we
have prognostic narkers. Because those are the ones
that would be reasonably likely to effect the disease.
And we have a nunber of them that have been prognostic
-- have been shown by data to be prognostic, meaning
that they don't have an intervention but that have
been shown that the marker itself has shown to change
or to differentiate normal from di sease state.

And | guess in ny opinion from |listening
to all the data and reviewing sone of the literature
that we were given, | would vote for hippocanpal
volune and FDG But, again, that would be under the
reasonably |ikely scenario and not necessarily as a
surrogat e.

CHAI RPERSON KAWAS: But just so | nake
sure | understand your position, Dr. Fogel. If a study
was brought forth today that showed that by giving
sonebody a conmpound you could alter their hippocanpal

volune and their FDG PET, say both of them but no
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clinical change, would you be in favor of approving
that drug for the treatnment of Al zheiner's D sease?

DR FOCEL: Under the reasonably Ilikely
phrase, the answer would be yes you would do that
because it would fall strictly under that definition,
because it would be a prognostic marker.

CHAl RPERSON KAWAS: Yes. But what ever
suggests that altering that prognostic nmarkers nmakes a
difference, is guess what | --

DR FOGEL: R ght. See, the point is that
if you saw an alteration that would then take it into
the realm of surrogate rather than prognostic marker.
And the fact that -- you're saying that this conpound
actual ly changes the --

CHAI RPERSON KAWAS: ' m saying, we give
you the drug, you' ve got Al zheiner's D sease, you get
t he drug, your hippocanpus gets bigger now on inagi ng.

DR. FOGEL: Ri ght . But there's no
correlation between the intervention and the outcone
relative to the marker. So it still leaves it in the
real m of the prognostic narker. And if it leaves it

in the realmof the prognostic marker, then under the
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reasonably likely phraseol ogy that we're being charged
with, the answer is yes, | would vote for that.

CHAl RPERSON KAWAS: (Ckay. Dr. Van Belle?

DR VAN BELLE: | would be reluctant to
approve because of the two requirenents that we need,
nanely sone |inkage between the inmaging nodality and
the clinical outcone, and then sone information about
the imaging nodality and the disease progression or
di sease state. And so at this tinme | think the
imaging work is clearly crucial to studying disease
state and disease process. But | don't think we're
there yet at the clinical |evel

Wile | have the floor, may | nake one
smal | additional comment? Sonebody earlier nentioned
the situation where the imaging nodality would have
been significant in a clinical trial and the clinica
evidence borderlined. | think it was one of the
speakers on the other side of the table nentioned
t hat .

Sonme kind of analysis of co-variants with
the co-variant being the imaging nodality mght have

been one way that the precision mght have been



10

11

12

13

14

15

16

17

18

19

20

21

22

278

i nproved and would be based on the assunption that
cognhition or change in cognition was related to the
i magi ng characteristics. So there are actually ways
to deal with this statistically. It's a small point,
but nevertheless it mght nake a trial a little bit
nore sensitive.

Thank you.

DR PENN. | think we're seeing here is a
shift in a general opinion about where we should take
the risks and benefits for Al zheiner's and general
neur odegeneration diseases, and that's what the |aw
asks us to do, which is be wlling to nmake a shift
towards the risk of putting out drugs that are worse,
don't work, don't correlate with the eventual clinica
outconmes that we'd |like to have them have.

And | think the whole question of what's a
reasonabl e situation in which we would approve such a
drug depends upon whether or not we can really find
out about that drug in the next X nunber of years with
a Phase |V study that works. Because if we release a
drug that has marginal clinical benefit that shows

results wwth a surrogate that we're using, it seens to
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me that the only safe way to find out whether that
drug really is good is to do what we've been doing

which is the standard type of thing what we've been
doing all along, which is require efficacy and safety
data over a fairly long period of tine. And then
we'll have safer drugs. But we're going to mss a
nunber of drugs that we could have approved earlier
and found out in a Phase |V whether they worked or
not .

So if we have the machinery to check up on
what is actually happening in the field after a drug
is released, that's fine. But | have ny doubts as to
whet her we have that machinery in hand now to do that.
W can require certain things of drug conpanies and so
forth, but try and get sonebody not to take that drug
or to follow up a double-blind study after it's been
released with the inpression that it was released
because we think it works; it's going to Dbe
practically very hard to do. And that, | think, is
the real bind that we're having here.

And | think everybody says correctly that

we don't a surrogate marker that's been proven to be a
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gold standard or that norphs into, as | said, the real
thing, which is representing the disease. And that's
obvious. But the question is where along the line do
we neke the reasonable judgnent that we can go ahead
with safety releasing this drug knowing that this
hypot hetical drug that works on the "di sease process,"
whether it's worth that risk. And that's a practica
guestion whether the FDA can |ater enforce the proper
studies to be done and be willing to quickly put on an
qui ckly take off sonething.

DR KATZ: I'd just say that those
mechani sm  exi st techni cal l y. In fact, they're
requirenents if we would approve a drug on the basis
of a surrogate that's reasonably likely to predict the
clinical benefit, there is a requirenent that, as Mry
pointed out, that the sponsors perform studies to
validate the surrogate in Phase |V

Now, it may be that froma practical point
of viewthat's very difficult to do in any given case.

I think when the regulations were witten, it sort of
anticipated that those validation studies were well on

their way towards being conpleted at the tinme of
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approval .

Here, at |east sonme people it sounds Iike
believe that those studies need not be underway at the
time of approval and whether or not they could
actually be done, practically, for the reasons you
suggest, | don't know. But there are regulatory
mechani sns to require them technically.

DR PENN: But if | were a conpany and |
had ten years nore to go on ny patent, | would take at

| east 10 years to figure out whether it worked. And I

DR KATZ: Vell, | think we'd have
sonething to say about that.

DR PENN: Yes, | know. But, | nean it's
not an easy environnent in which to deal with. And
that becones -- so it becones a question of the rea
specific facts with a real drug as opposed to just
sort of generally saying, well we'll accept this or we
won't accept this. | think everybody's going to have
trouble turning down a drug that makes the hi ppocanpus
a lot bigger and clearly in a clean study does, and we

have data that the patients certainly aren't getting
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worse and it's looking like it's comng into
si gni fi cance. But, clearly, no one wants to just go
with a hippocanpal drug with no clinical -- what we've
classified in the past clinical outcone data.

So it depends on the specific case. And |
think until you get a case like that, we can't answer
the question in a reasonabl e fashion.

CHAl RPERSON KAWAS: | guess | want to make
a coupl e nore comments.

| mean, | actually think | could not be
overly inpressed by a drug that nakes a hippocanpus
bi gger. Because this disease does not just effect the
hi ppocanpus.

| think that in considering this |I've been
contrasting it with a disease where | actually feel
like imaging has a role as a surrogate nmarker
potentially, and that's multiple sclerosis. And there,
at least in ny concept of the disease, the nunber and
size of lesions can be inportant in a way that | can
nore easily see.

Al though | know that the hippocanpus is

part of Al zheiner's Disease, it's not the only part of
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Al zheiner's Disease. And so | can very easily imagine
that particularly when we're talking about a single
marker, that it actually mght have the possibility of
bei ng actually reasonably unlikely that effecting any
single marker will necessarily have a major effect on
the disease. Because this is a disorder that effects
the entire brain, extracellular, intercellular, alnost
all the parts, neurochem stry and ot herw se.

So, that's the nature of ny concerns in
approvi ng anything that only effected a single marker.

DR GRUNDVAN: I"d sort of echo | think
t hat opi ni on.

| think also in the realm of Al zheiner's
Di sease clinical trials for denonstrating progression,
| don't think that they'd be overly onerous to show
sone clinical efficacy. | think, you know, we have
i nstruments. W have the CDR sum of boxes. W have
the C4AC W have the ADAS Cog. W know what their
rates of progression are over, say, one year or 18
nmont hs. And | think we <can design trials to
denonstrate a one-third decline or some clinically

rel evant efficacy outcone neasure and see whether or
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not the imaging supports that clinical conclusion
without using the imging marker as the sole
criterion.

Now, it gets nore conplicated when you
nmove to prevention. Because there, | think, it
requires nmuch larger sanple sizes and snmaller effects.

"Il stop there for the tinme being.

DR WOLI NSKY: | think it depends -- |'ve
got to be careful with words. So we're not talking
about surrogates anynore. W're just talking about
anatom cal neasures of disease or biochem cal neasures
of di sease?

DR KATZ: Wwell, I'dcall it --

DR WOLI NSKY: Because we had to throw the
surrogates off the tabl e?

DR KATZ: No, no. I'd call t hem
unval i dat ed surrogates.

DR WOLI NSKY: Ckay. Ckay. Becane
semantics could really get us into trouble here if
we're not careful.

| would say | actually wouldn't -- if |

was in your seat and sonebody cane to ne and said
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okay, | want to use one of these markers as a primary
out cone neasure and | want you to be able to tell ne
in advance if | won on that, that you'll give ne
approval even if | lose on ny clinicals, | would say
fine. Pick atrophy because | don't think we're going
to get a brain Viagra that's going to blow up the size
of the brain in about 15 m nutes. So that you would
actually have a shorter term study that would not
allow you to actually get a clinical correl ate.

Now, it mght be a Ilittle bit nore
unconfortable if you pick something |ike PET scanning,
dependi ng on what the law again was, or if you picked
spectroscopic marker. Because there may be other
things that could begun to nornalize or reverse those
ki nds of changes. And in a short term study you m ght
see a change in that that mght or mght not have a
clinical correlate.

So | t hi nk, agai n, it becones the
practicality of what that marker is, what the expected
time course is, how long it's going to show and how
likely is it to be linked with the clinical outcone at

|l east to a near m ss | evel.
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So | don't think that this is as scary as
it sounds, just because of the nature of the
t echnol ogy right now.

DR CH U | still strongly believe you
measure nodality, you know -- better than MR or PET
scan conbi ned. You cannot use CT, you cannot use Xx-
ray. And we don't treat patient AD just based on the
MRl findings. W need clinical, you know.

CHAl RPERSON KAWAS:  Actual ly, 1 think that
that's Dr. Katz' question; Should we consider
approval a drug that effects the imaging of whatever
sort or however many different image nodalities you
choose, but does not have a clinical outcone.

DR CH U Ckay. Single MR inmaging, you
cannot judge from that. You need to see wth
exam nation. You cannot just judge one. If you do
blind study and you treat a patient as AD, but you
have it today, you have a --- 6 nonths, you're able to
see the effect of the nedication. You can just from
one st udy.

So to ne | think what else can you do?

You don't have any other nodality, i1maging nodality.
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So | do believe this the nost powerful inmaging
nodal ity.

CHAI RPERSON KAWAS: So you woul d support a
drug approval based on only longitudinal inmaging
studies without clinical denonstration of any clinical
changes?

DR CHU Definitely. Wat | need to see
is a study, not just single.

CHAl RPERSON KAWAS: Ckay. M. Ransey?

DR RAMBEY: ['Il give the short answer. |
woul d not approve a drug. That would be too nmuch of a
leap of faith for nme to say that it would be likely to
have an effect when, in fact, you can't see any
effect. And | would defer to Jack Welsh, who | know
is alittle bit out of favor. But one of his sayings
was "to accept reality as it is, not as you wish it
was." And that's what | woul d say.

So, no.

CHAl RPERSON KAWAS:  Thank you, Dr. Ransey.
Your brevity especially is appreciated.

Dr. Beanf

DR BEAM | guess ny answer is a question
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for Dr. Katz.

Dr. Katz, if this were to happen, what
would go on the label as that drug as far as a claim
for what the drug does?

DR KATZ: VWll, | have no persona
experience wth approving drugs on the basis of
surrogates. It mght say sonething |ike decreases
hi ppocanpal atrophy, or sonething along those I|ines.
But we wouldn't approve it in the first place if we
didn't think that that nmeant sonething clinically. In
ot her words, reasonably likely at the |least to predict
a clinical outcone.

So what exactly the |anguage would be, |
don't know. But we wouldn't approve it, as | say, in
the first place unless we thought that |anguage was
reasonably interpreted to nmean it had an inportant
clinical effect.

DR. BEAM Vell, if the language said
sinply that this nmaintains volune, for exanple, and
doctors believe that this is associated with positive
outcome for Al zheinmer's patients, sonething like that,

| think I could go along with that approval process.
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DR KATZ: Again, the specific |language is
-- it's certainly inportant, obviously. But the
fundanental question is whether or not we ought to
approve it in the first place.

Drugs can do lots of things and effect
lots of outcones that we can neasure, but we would not
necessarily approve a drug on the basis of its effect
on sone serum nmarker or sonmething if it didn't nmean
anything clinically. So we still have to bite the
bullet, in effect.

DR BEAM Right.

DR KATZ: | nean, we have to decide first
and forenost fundanentally whether or not the effect
is, again, reasonably likely to predict sonething
inportant clinically. | nmean, that's -- we can't get
out of the conundrum by just describing exactly what
the drug did, let ne just say that. W have to
bel i eve that that neant sonething.

DR BEAM Then ny answer would be no to
t hat questi on.

CHAl RPERSON KAWAS:  Thank you, Dr. Beam

Dr. WIf.
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DR WOLF: | sort of had addressed this
guestion before. The answer is that if there is a
positive indication from the inmaging and while there
is no conclusive clinical indication of progression,
there's no regression, there's no deterioration, then
t he drug shoul d be consi dered.

DR SORENSEN: Ckay. So 1'd like to give
nmy answer by telling a little story that | think |
found in literature that seens to support a scenario
under which | could answer this question.

And that's the drug called Etanercept. As
| understand it, it's a drug that acts on rheunatoid
arthritis. And it was originally conpared to a
standard treatnment for rheumatoid arthritis called
nmet hotrexate. And it had both the clinical outcome and
it had sone imagi ng out comnes.

And the clinical outcone was to neasure
some kind of rheumatology score every nonth and the
i magi ng outconme was to inmage the joint space narrow ng
and erosions at 6 and 12 nonths.

It took off and |ooked really good in the

first few nonths, but its primary endpoint at 12
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nmonths it just barely m ssed statistical significance.
The joint space narrowing didn't work, but the
erosi on scores showed a really dramatic inprovenent in
erosi on score reduction. So it |ooked like the knee
joint was looking a lot better. And it was approved.
| don't know exactly how, | wasn't privy, but it did
get approved and they had to do sone followup
st udi es. And the followup study was published this
year, and that was sonme 2 year data which was
basically the same protocol. And in 2 years the drug
did work. It showed that the rheumatol ogy score, the
clinical outconme score was better and the erosions
continued to be inproved and overall the inmaging
endpoi nt just lead the clinical endpoint.

And this was a scenario where | think
peopl e understood the pathology. Not all of the
i mgi ng endpoints worked. The joint space nharrow ng
was clearly not working. So that biomarker failed
But one that people did understand and seened to fit
was reasonably, and | think in hindsight | would say,
and | think nost people would say, that the agency

made the right decision there. They got a drug that
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was effective onto the market sooner.

And | wuld say that if a simlar
situation came up wth Al zheimer's, that | would be in
favor of the sanme course of action. If you just
barely mssed your clinical endpoint but there was
sone earlier data that suggested that it had worked,
and the imaging was conpelling. Maybe not all of the
i magi ng endpoints, but at |east sone that nmade a | ot
of sense. Then | would say, yes, the biological link
between -- maybe not just one endpoint |ike, you know,
t he hi ppocanpus, but if the whole brain or if it were
the ventricles, or if it were glucose. You asked us
whi ch one of those, | know, and I'mwaffling a little
on that. But | would probably say whole brain vol une
for me and probably gl ucose netabolism

If those were to inprove, |I'd say that
that would be a conpelling story and I would seriously
consi der it.

CHAI RPERSON  KAWAS: So is -- let ne
understand your answer. |s your answer that if the
imaging is positive and the clinical is borderline,

you'd go with the inmaging.
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DR SORENSEN: That's correct.

CHAI RPERSON  KAWAS: If the imaging 1is
positive and the clinical was negative, what woul d you
say?

DR SORENSEN:. If the inmaging was positive
and the clinical was clearly negative, say, that there
were no indication that -- or that the patients --
well, let me break it down.

If the patients did no worse than the

pl acebo, | would probably still go with the inaging.
|F the patients did no -- did worse than the placebo,
| would certainly not go with the imaging. | don't

know i f that answers your question.

It'S a little a bit like one of the
earlier respondents said. It's tough to argue this in
the abstract. You' d like to actually see a case in
front of you.

In the case of Etanercept, it was a tough
call because the primary endpoint wasn't nade, but it
was borderline, and that nmade it easier.

How borderline is borderline before you'd

call it? Well, 1'd have to see the case or | have to
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see the situation

If it were far fromborderline, | probably
woul dn't go with the inmaging.

CHAl RPERSON KAWAS: So maybe the best way
to phrase your answer is that you think inmaging should
be an ancillary, but do you think it should be
primary?

DR SORENSEN | nean, it would be nore
than ancillary. It was nore -- | mean this drug got
approved on the basis of the imaging and not on the
bases of the clinical. The clinical didn't work.

CHAI RPERSON  KAWAS: So does that nean
i mgi ng should be used as a primary outcone then in
your opi ni on?

DR SORENSEN: So in ny opinion | think

they nmade the right decision here by using inmaging as

a primary outcone. They did. | don't know whether it
was accel erated approval or not. Like | said, |
wasn't closely involved, but | just read the
literature. But I think they did get approved and

they did have to do sonme followup studies, so maybe

that neans they were given accelerated approval wth
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t hese conditions.

And that kind of scenario is one that |
woul d endorse for Al zheinmer's as well.

CHAl RPERSON KAWAS: Ckay. Dr. Kin?

DR KM | think ny hangup is nore of
maki ng the connections, nore definite answers. | see
evi dences and yet that evidence doesn't really show ne
whether that has a direct correlation with the AD at
this point.

Wth that said, | think what 1'd really
like to see with the present technol ogy would be nore
of a Phase IV studies which also give us a little nore
for us to understand, for the technology to catch up
even better. And have a | ot nore data.

| think one of the problens that | have is
that we don't have enough data in whether it is one
nmodal ity or multiple nodality, or even the normal ways
that we haven't even thought of yet.

So | think it's nore of which canme first
or which conmes first. But | would like to see this in
one of the Phase IV and cone and revisit this portion

her e. So even with the present data, | don't agree
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that | woul d approve based on this.

CHAI RPERSON KAWAS: Ckay. Thank you very
much.

M. Perez is keeping a tally of the votes
of sone sort, and I'm glad it's him and not ne.
Because |I'm not sure how sone peopl e vot ed.

But, Dr. Katz, did we help in any way with
t hese answers?

DR KATZ: I, too, am having a simlar
difficulty.

The no's were pretty clear. I'd have to
add up how many | had. But maybe it would be useful to
further probe the people who felt that a drug
currently coul d be approved.

There are a few questions that | have that
woul d help clarify people's thinking for nme. | nean, |
think | understand when people said no | don't think
we're ready; | understand that. It would be useful to
have the deeper wunderstanding of exactly why the
peopl e who said they mght or they woul d, thought that
way. It would just be helpful to us to understand

t hat .
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So there are a couple of things I'd |ike
to ask. | don't know if you want to do that now or --
okay.

The first is, the one that | did raise,
which is the question of which marker. The fol ks who
think we're in a position now to approve a drug on the
basis of an effect solely on a surrogate that's
reasonably likely to predict clinical outcone, which
mar ker or which nodality or nodalities, which inmaging
nodal i ti es.

The other is, there are two other
considerations | think we ought to tal k about. Again,
t he purpose of using a surrogate in this case would be
to do shorter studies, smaller but also shorter
studies. So | have two questi ons.

One is what about the possibility that an
effect that you mght see, let's say at 3 nonths on
what ever surrogate you choose, what about t he
possibility that that mght be transient? In other
words, the understanding here is that if an effect was
seen, it would presunably persist and ultimately

translate into a clinically neaningful difference to
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the patient. But suppose that in 3 nonths you see an
effect on the surrogate, but at 5 6 nonths it's not
there anynore. I nean, we woul dn't have that
information at the tinme of approval on the basis of,
let's say, short termstudies. So |I wonder what people
t hi nk about that.

The ot her reason that people like
surrogates is because they can be very sensitive, so
you need fewer patients. But what about t he
possibility t hat a statistically signi ficant
di fference on whi chever marker you choose is seen in a
relatively short term study; what about t he
possibility that even if that effect persists it mght
not get any |arger and how do we know that that size
of a change actually ultimately will translate into a
clinically meaningful outcone?

So, whi ch  marker or mar ker s, whi ch
surrogate or surrogates, how do we account for the
possibility that the effect that you see in a short
term study may just be transient, and do you worry
about that? And the possibility that the very

sensitive neasure will pick up very snmall changes,
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let's say, in hippocanpal volune and the possibility
that that in fact mght have no clinical neaning?

So, it's a lot, but it would be very
useful for us to hear what peopl e think about that.

CHAI RPERSON KAWAS:  Ckay.

DR KATZ Those of you who said no,
rel ax.

CHAl RPERSON  KAWAS: Al though we have
opi nions on those things, too.

Now |I'm going to let the people who said

yes start self-identifying. M/ take on it is it's

nore of this side of the room but if |'m ignoring
anyone over here, 1'll nmake sure.
Ch, all of a sudden -- | got to tell you,

Dr. Katz, all of a sudden the vote to nme looks like it
shifted. A lot of people want to talk now. But let's
start over this way.

DR WOLF: Ckay. Let ne start here.

First of all, any inmaging nodalities we
have, we would be using, we would have by now |ong
term studies available so that we know that we would

have sone feeling whether sonething seen at 3 nonths
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maintains itself at 6 nonths, 9 nonths, etcetera.
These are part of the studies that are ongoing, so we
woul d have sone background on what those changes
represent.

CHAI RPERSON  KAWAS: Vel |, maybe the
guestion that he would like you to answer then is how
long do we need to follow before we should feel
confident that it's not transient?

DR WOLF: | am happy | don't have to nake
that decision. But let nme give you an exanple of the
kind of area | work in, which is oncology. And in the
case of tunors, the gold standard is reduction in
tunor, in solid tunors reduction in tunor vol une.

Now, you can have a tunor that is stable
which is conposed of dead tissue. And in those cases
functional neasurenents of netabolism and perfusion
give you much nore valid information and much earlier
i nformation, the changes in volunme of the tunors.

So that it depends very nuch what is the
bi ol ogi cal paraneter we are neasuring and what is a
sequenti al basi s of t hose bi ol ogi cal changes

appeari ng.
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So | don't know enough about Al zheiner's
D sease to know how it progresses, what determ nes
what, what are the different biological steps that
will cause neurodegeneration, etcetera. But the
question is if we have a marker, an unvalidated
surrogate marker that gives us sone information that
suggests that a positive change is occurring and if
there is no clinical indication that is contrary to
that, then we have a reasonable probability that
sonething positive may be happening and it is
wor t hwhi | e consi deri ng.

CHAI RPERSON KAWAS: Dr. WIf, perhaps you
could speak directly to Dr. Katz' question; which
mar ker do you favor, if any, right now is the first
one. | nean, is there any particular one that grabbed
your attention or just the idea of markers in genera
i n neur oi magi ng?

DR WOLF: | would say at this nonent the
idea of markers, because | am not -- | have |istened
to sone of the information we have, all of themgive a
limted information of what's happening at the tissue

| evel, but they don't give a good conprehensive idea.



10

11

12

13

14

15

16

17

18

19

20

21

22

302

So I think it would be a conbination of different
markers that woul d have to be consi dered.

CHAI RPERSON KAWAS: Ckay. And you hedged
your bet sort of on the issue about transient effect
that may washout over time. But how about his final
gquestion; the possibility that these inages may be so
sensitive that they're detecting snmall changes that
may not be clinically relevant?

DR WOLF: If they detect small changes,
then they're likely to be washed out by conparing a
nunber of different patients. Because you woul d have--
| nmean, you would not have the same -- if you had
exactly the sane degree of every conparable |evel of
smal|l changes, then that would be neaningful. Just
statistically | would suspect small changes would
di sappear in the analysis if they' re conpared over a
sufficient nunber of patients.

CHAI RPERSON KAWAS: Ckay. Thank you.

Who wants to -- Dr. Sorensen?
DR SORENSEN: | think -- I'"msorry.
CHAI RPERSON KAWAS: No, | was just going

to sort of remnd the questions; which marker, the
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possibility that the effect mght be transient and the
size of the effect.

DR SORENSEN. Right.

| think that none of the studies -- or
none of the markers that |'ve seen have been -- have
followed the rigor that the FDA or any good scienti st
would require them to follow in collecting and
anal yzi ng t hem

| nmean, I'mfamliar with Dr. Love's draft
gui de docunent on nedical imging, and as far as | can
tell, maybe there's one MR study but none of the PET
studi es and none of the MRS studies have foll owed that
level of rigor in wusing centralized readers, in
standardi zing their protocols and all of that.

So, as a result, I'mnot sure that any of
these in their current state today are actually
acceptable as an endpoint. And ny earlier positive,
you know, views were assum ng that sonebody could cone
and pull that level of rigor together and actually
follow the rules, you know, the scientific rules that
exi st for doing science well.

And so as a result, that's influential
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because the things that are closest to that | think
are the MRl volunme neasures. They seemto be the ones
that have been used a couple, or at least one nulti-
center trial wth a prospectively defined analysis
al gori thm and endpoi nt.

And so | would say that the volunetric
markers are probably at the top of ny Ilist just
because they seem to have the best track record for
bei ng anal yzed.

The sensitivity thing, | think nost people
like it's not just the sensitivity, it's the [ower
variance that nmakes these interesting. But | think the
point's the sanme, that you mght -- if it's a |low
variance whether it's sensitivity, you see things that
m ght not be clinical relevant. And I think that is a
very relevant issue if you saw a -- you know, an
effect size that was too small or that seened, you
know, within one standard deviation of the noise of
your measurenent, that wouldn't be very interesting to
ne. And | think each of them have different
denom nators, so | don't know the right |anguage to

use to describe how nmuch of an effect 1'd expect to
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see. But even with the lower variance if | saw two
standard deviations of an effect, | think that would
make ne feel nore confortable even if that was snall
relative to what | would expect the clinical outcone.

The transient thing | think is also a very
inmportant point. And | think that that has to be
measur ed agai nst the background of the natural history
of the disease and it's variation. And from | ooki ng at
the graphs we saw today, | woul d guess that at |east a
year you would have to see this effect. That if it
were less than that, it would be suspect.

CHAI RPERSON KAWAS:  Thank you.

Dr. Chiu, do you want to -- | think you
actually have already told us which markers. I think
you told us MRl and --

DR CH U Depend on from the comobn nore
poi nt of view, you know, those are static inage you're
able to see the hippocanpus, the size of the
ventricle. Now we have a new pul se sequence called a
Tl flare image. You're able to clearly see the
structures of the -- and so forth.

So the Ms getting, you know, nore and
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nore to nore powerful --

CHAlI RPERSON KAWAS: So any particular M
nmeasurenent that you think or multiple neasurenents of
anatom cal M ?

DR CH U I think it's all individual.
W have a conputerized, you can use it. I"m tal ki ng
about really talk about the inmaging of the grading
signal and noise, it come with T1 flare. It really
give you very crispy gray and white matter. You really
can see it.

Earlier nmentioned about the T2. W can do
T2, just nmake sure we're not dealing with a multiple--
denentia, you know, that kind of -- it's hel pful.

MRS spectroscopy, not many of these center
you have that MRS. But that's another powerful tool
It take longer tinme. Usually you have to take good
time to neasure that.

Cone to the PET scans, | don't know if its
approved or not. W do a PET scan, but that's nore
expensi ve.

So I'm tal king about standard inmaging, T1

wei ghted coronal view plus volunetrics that's can be
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done. | think that's probably the nore --

CHAlI RPERSON KAWAS: And do you have any
concern that sone of these effects may be transient
and/or too small to be clinically meaningful?

DR CH U Yes. Back to the M5 | don't
know, to way back to ten years ago we have a M5 study.
W use a standard T1 and -- T2, we're able to nake
di agnoses. But as you said, it's conme and go, not that
specific.

Then we have this MP -- and you can pick
up nore earlier, nore definite M5 Now we're using
this as a gold standard. A lot of patient cone in
clinical and questionable M5. And we're able to nake a
di agnoses wi ndow there. Do all kind of spinal tap I'm
able to nmake a diagnoses. W are the one who give
t hem nore definite di agnoses.

So cone to transient, | think clinical

doubt you probably have to do every 3 nonths to see

that how that changes. They mght -- patient naybe
dehydrated or al cohol taken -- show the changes. But
at least over a year and every 3 nonths for -- the

synptons, and that's how we do now.
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CHAI RPERSON KAWAS:  Thank you.

| think there was sone interest on talking
at this side of the table, too. Dr. Fogel ?

DR FOGEL: Yes. Well, | agree with Dr.
Sorensen that none of the data that we've been shown
today reaches the rigor that we need. And when | had
mentioned the MR volunetric analysis and the FDG |
meant it in conbination with prospective future trials
that would be nmulti-center and wde scale trials
targeted things like MI volunetric information as
well as functional information |ike FDG

In terms of whether or not the effective
short term and transient, | agree about the year
definition. | nmean, in the accelerated |anguage it
says that the surrogate has to be reasonably likely to
predict clinical benefit. And | don't think anything
that's going to be transient or short is going to be
reasonably likely to translate into clinical benefit
unless it's present for a long period of tine.

So, a year is better than 3 nonths, so | would

pi ck a year although | don't have data on that.

CHAI RPERSON KAWAS: And what woul d you say
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about the data that we saw today, the MR spectroscopy
data in the random zed trial that showed an effect on
the imaging that washed out before the study was done,
whi ch was 24 weeks, as | recall?

DR FOCGEL: That was transient, | would
t hi nk, because it did wash out. And since we don't
have it --

CHAl RPERSON KAWAS: And that, by the way,
was in a study where the drug did show clinical
benefit, by the way.

DR FOGEL: That's right. That's right.

CHAI RPERSON KAWAS: So in this case the
clinical benefit continued to the 24 week and beyond
mark, apparently, but the M spectroscopy which
| ooked like it was correlating with clinical benefit
di sappeared by 24 weeks. | nean, how would you
interpret that sort of data?

DR FOGEL: Not really clear how you woul d
interpret it wth the exception that it mght have
done the -- I"'mnot really sure how | would interpret
it.

DR SORENSEN:  The graphic showed how the
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ADAS Cog score is the sane at week 24 for placebo and
Donepezi | . So | think they had equilibrated by the
end.

DR FOGEL: So you're saying that it
didn't show clinical benefit.

DR SORENSEN: It did early on.

DR FOGEL: No, no, no. But I'msaying it
was transient because it didn't show it for a
sust ai ned period of tine?

DR SORENSEN It did for 24 weeks, but
not for 30, at |least the graph |I'm seeing.

DR FOGEL: Right. And if we use the
definition of --

CHAlI RPERSON  KAWAS: But the MR did not
show it at 24 weeks.

DR KATZ: But that was after washout.

CHAI RPERSON KAWAS: Thirty is washout, so
t hat doesn't count.

DR KATZ: R ght. But it does suggest that
-- and | think we ought to talk about this later for
t he people who said no, so you can't relax conpletely.

| still have sonme questions, but the fact that that
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surrogate after washout, after discontinuation of the
drug, was back to where the placebo patients were
suggests-- again, there's a suggestion that if you --
one way, one operational way to show that a drug has
an effect on progression independent of imaging is to
take the drug away. And if the effect still persists,
that's pretty good evidence that you had an effect on
pr ogr essi on.

In this case, the effect on the surrogate
didn't persist. The drug was di sconti nued.

CHAl RPERSON KAWAS: It didn't even persi st
whil e the person was still on drug in this case.

DR KATZ: Well, okay. Even worse, right.
But even if it had and you took away and it goes back
after a drug is discontinued suggests that that's al so
docunenting just a tenporary synptomatic effect and
not a structural effect.

DR FOCEL: Right. So it seens that
there's sonme debate about that. But, | nean, | would
think that you would need a year to actually show a
sustained clinical -- a benefit that wasn't shown

before but that mght have actually had a clinical
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benefit.

And in terns of the imaging nodality being
too sensitive to small changes to make a clinical
difference, | think that that's a very inportant
point. And the reasonably |ikely phraseol ogy, again,
says that it needs to predict clinical benefit. And if
one feels that the changes are too small to predict
clinical benefit, then it shouldn't go into the
approval process.

But the other thing I want to just bring
your attention to the fact that there are -- we mght
have other surrogates that we hold to a higher
standard that you need larger -- that aren't as
sensitive that you need l|arger changes and we risk
m ssing efficacy because we need to see those |arge
changes. Because those surrogates aren't sensitive.
And so we basically balance in our equation everyday
in other surrogates that are less sensitive than
i magi ng studies -- danger of mssing efficacy.

CHAI RPERSON KAWAS:  Thank you

Dr. Penn wants the last word before the

break, so take it away.
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DR PENN: At least a year, probably 2
years overwhel m ng evidence that the surrogate noves,
not equi vocal evidence. And no deterioration clinical
state during that period of tinme. So the criteria for
a fast release drug wthout the usual clinical benefit
shown yet has to be enough so everybody nods, yes,
that really is the right thing to do. So it has to be
very strong evidence.

DR CGRUNDVAN:  Just a question. You know,
if you're going to do a study for 2 vyears on
Al zheiner's Disease and require that the surrogate
effect persists for that length of tinme, wouldn't you
expect to see a clinical outcone neasure show ng the
sane effect over that period of tinme if you powered
the study adequately? It's really -- | think it's a
practical question and if over that length of time you
didn't actually see a clinical benefit, even though
you saw sonething on the MR, |I'm not sure how you
woul d interpret that.

CHAl RPERSON KAWAS:  (kay. | nean, | think
what the l|ast tw speakers have both said was

essentially that we should do the studies as we
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normally do them and | ook at the surrogate markers in
addition to the clinical markers? Isn't that nore or
| ess what | heard?

| nmean, | think a lot of interest in doing
these surrogate markers is the idea to not have to do
two year studies. It's the idea that if | can give
sonething to soneone and nmake their hippocanpus go up
20 percent in size, there's sonething that nmaybe that
can happen quickly and that can give ne information
quickly that | can then use to shorten the studies,
not only in terns of nunbers but certainly in terns of
time. But at |east sone of the people who I couldn't
tell how they voted the first round, really are saying
that they want to see them together before they would
feel confortable.

I's that true?

DR PENN: That's what | said, |'d be
satisfied in a year or two. Wuat | said was that 1'd
be satisfied by overwhel mng evidence nmaybe in a year
without definite clinical changes for releasing it
with a Phase |V comng on after that.

CHAI RPERSON KAWAS: Vell, | guess what |
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meant, though, is you would want the clinical markers
al so being neasured at the tine? You don't want just
the --

DR PENN Ch, yes. | don't think
anybody's saying we just have to go to surrogates and
forget about clinical results.

CHAI RPERSON KAWAS: Can we quote him on
t hat ?

DR KATZ: Vell, no, | think there's a
di fference between neasuring the clinical outconmes and
requiring that t hey be positive by whatever
definition.

DR LOVE What | am hearing is severa
di fferent approaches which tend to be |eaning towards
what you're saying. Look at the clinical, make sure
that it's not deteriorating or at least that there's
sone | evel of static, and then | ook at the inmage.

Wat 1'd like to know, one thing 1've
heard and whether you want to take the break and cone
back and address this, it has nore to do with question
one, is related the how would you validate or at | east

the how you would be confortable that it is neeting a
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reasonabl e standard for surrogacy.

And that is, to go back to your discussion
earlier, you nentioned conposites. Several people said
anatom ¢ plus sonme type of functional neasure. | would
like to hear sone discussion on how you would | ook at
that. Wuld you be at this point ready to nake sone
type of assessnent on what you want to see for the
anatomc, what you'd want to see for the functional;
does one have to lead the other in relationship to the
clinical or not. |s there enough information to nove
to that yet. Are you just looking at coprinary,
meani ng you' d have to see a change in both neasures or
one of the other. Just sone discussion on that naybe
after the break.

CHAl RPERSON KAWAS:  And with that, | think
we will take a 15 mnute break. W'll be back shortly
after 4:00.

(Whereupon, at 3:47 p.m a recess until
4: 07 p.m)

CHAl RPERSON KAWAS: Ckay. W need to pick
this neeting with Dr. Love's questions. And just to

sort of refresh where we were, | think overall the
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Commttee has a |lot of enthusiasm and positive
feelings about the potential for neuroimaging to be
used as a marker in studies of Al zheiner's D sease.
And Dr. Love would like to know if we were to go about
getting the data or the kinds of studies that need to
be done in order to allow us to use neuroinaging
effectively. And sone of her specific questions
i ncluded do we need an anatom c neasurenent only. Do
we need a functional neasurenent also. Do both of
them have to be positive. Does one of them have to
| ead the inprovenent or not.

And so the table is now open for the
questions that Dr. Love posed to us. And who woul d
like to start with this chall enge?

Dr. Van Belle, a statistician.

DR VAN BELLE: Ch, | just want to say
that | have no opinion on which nodality should be
used. But | think what | would like to say up front
is that we would agree, | think, that the context has
to be that of random zed controlled clinical trials.
That observational studies won't do it. I just want

to nmake sure that we understand the gane plan before
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we go tal king about nodality.

Thank you.

DR LOVE Just maybe to clarify ny
question. My thought was that in the context of that
random zed trial what |I'm hearing is that there are
persons around the table who are interested in sone
one or nore and the idea or a thene of a conposite has
cone up several tinmes. So |'m curious how you woul d go
about working that into the study, what specifics
woul d you be thinking about.

CHAl RPERSON KAWAS: Does Dr. Fogel want to
suggest a conposite?

DR FOGEL: No.

CHAI RPERSON KAWAS: | mean, 1'll start by
saying | think that nost of the discussion seens to ne
to coal esce around the idea that two instrunents woul d
probably be better than one, and that nost of the
peopl e who have suggested conbining have generally
suggest ed one anatom ¢ and one functional neasure.

And it seens to ne that overall on the
table the nost common anatom c neasurenent has either

been hippocanpal volune followed by total brain
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volunme. And the nobst comon functional neasure, |
bel i eve, that seens to be surfacing is PET scanni ng.

Now, is there anybody who agrees with any

of those or disagrees and wants to -- Dr. Fogel ?
DR FOCEL: No, | agree that one would
need -- | think that you would need both, and that I

think that Dr. Love had questioned whether or not we
needed one positive or both positive. And | would hold
that you would need both positive and, as you
nmentioned, that there should be one anatomc |ike
hi ppocanpal volunme and one functional like PET
scanning. And they'd conplinent each other because as
people had rightly suggested, if you give a drug and
it causes inflammtion and edema and doesn't show a
shri nkage, that you would anticipate woul dn't show any
functional benefit yet the volunme would be there. So,
| nmean, you'd need both, if you wll, positives to
give you a nore reasonable likeliness, if you wll, to
show a clinical benefit if the prognostic marker 1is
not transient and stays there for a long period of
time.

DR WOLINSKY: If I mght, |I guess | need
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sonme help from the experts over here that mght be
doi ng those PET and anatom c studi es together. Because
| would like to know before | built a conposite that
the neasures of the conposite were at |east sonewhat
i ndependent of each other so that | wouldn't be just
measuring the sane thing tw ce. And |'m not exactly
sure that | heard fromthe experts who were presenting
what the interdependence of those neasures are where
the groups have tried to | ook for that.

So that woul d be very I mpor t ant,
especially since in ny -- as best as | can renenber
back to neurobiology 101, the nunber of cells there
determ nes the anmount of netabolic need determ nes the
amount of cerebral blood flow determnes the FDG And
all of that could just be a function of atrophy.

DR JAGQUST: Wll, vyou know, so the
enpiric answer to that is that one can correct PET
images for atrophy using the MR data. And you can do
it in a actually quite sophisticated way taking into
account the thickness of the cortical gray matter and
so forth. And when you do that you still find

substantial differences between Al zheiner's patients
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and controls, al t hough t hose di fference are
att enuat ed.

Now, | think you can always push that
question further and further down stream to the
fundanental disease nechanisns and ask are the sane
f undanent al processes causi ng t he changes I n
nmet abol i sm and the changes in brain structure. And, of
course, you can only conjuncture about that.

DR WOLI NSKY: The problem is |I'm not
asking whether or not you still see fundanenta
differences between controls and patients wth
Al zheiner's D sease. |'m asking whether we're in a
| ongi tudi nal study those nove in an identical fashion
or whether they nove in a differential fashion. And
that question is critically inportant if we're talking
about using one or two neasures in a therapeutic trial
as either a supportive for a surrogate nmarker.

DR De CARLI: Yes. | qguess that diff's
not here.

The one thing | think that has been done
where we see differentiation of those two effects is

in vulnerable populations where to date MI data,
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structural imaging has not shown changes where

met abol i ¢ imagi ng has shown changes. The problem is

that like the E4 carrier, is that -- I'"'mgoing to turn
it over to ny colleague -- about what the outconme of
t hose individuals has been. | mean, do they progress

on to denmentia without structural inmaging or is this -
- and so how it relates to as an early marker. But
other that, that's the only evidence that | know about
where the two are disconnected. Mst the other
evi dence suggests that they're connect ed. But al nost
al | of it's cross-sectional. W have sone
| ongi t udi nal dat a, but we haven't anal yzed it
conpl etely yet.

DR REIMAN. | would concur with the idea
that the PET changes one sees cross-sectionally are
not entirely attributable to atrophy and that the data
is available but hasn't been |ooked at to determ ne
the extent to which atrophy accounts for those
changes.

And | would also concur with the idea that
we can see these PET changes at the nonent in

di stingui shing people at risk for Al zheiner's D sease
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from those who aren't prior to the onset of nenory
inpairment, with a little bit nore power wth inmaging
with PET than with M.

| think the rationale for wusing the
conplinmentary neasures is that it is very unlikely
that a confound, say, on brain swelling will effect a
change in neuronal activity and vice versa. And the
advantage of using both is that you can reduce the
chance that you're going to see that kind of confound.

CHAI RPERSON KAWAS:  Thank you.

| think that, you know, what has been
addressed the table so far is the idea the two studies
is better than one; you want them both positive and
you want them both independent.

But I'd like to suggest the possibility
that | can easily imagine a legitimate marker and a
therapy influencing only one of those markers and not
both of them And | wonder if we're not m xing up our
appl es and oranges here if we pick out two or nore
markers and insist it be positive on all of them

| nmean, you can change wth drug the

nmet abolism of the brain potentially and change your



10

11

12

13

14

15

16

17

18

19

20

21

22

324

functional outconme neasure, i.e, your PET or whatever,
and potentially not change your anatomc and still
have sonething that's very efficacious.

So do we really want to insist the two
nmeasures which are absolutely necessary and that one
shoul d be functional and one shoul d be anatom c?

DR WOLI NSKY: Vel |, |  thought the
guestion was a question of a conposite. And so | was
constructing a conposite and if they were all doing
the sanme thing, then | have no reason to waste ny
time, effort and noney on a conposite when | can just
neasur e one.

CHAI RPERSON KAWAS: I f you knew which one
wor ked?

DR FOGEL: Vell, just Ilike any other
test, the conposite has a sensitivity and specificity.
And because it's not perfect, you're going to mss
sone efficacious drugs and you're going to let in
drugs that aren't efficacious. And so just |ike any
other test that is sensitivity and specificity, but
the bottom line is that the accel erated phraseol ogy

wants us to have a reasonably likelihood to predict
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clinical outcone and so we want to error on the side
of being able to let a drug out that we're sure that
to the best of our ability it can predict and to a
high likelihood that it mght predict a clinical
benefit. And to do that, it would seem |ogical that
one would want to have both an anatom c paraneter as
well as a functional paraneter to do that. And we're
trying not to let drugs in to the general population
that may not prove clinical benefit by doing so. So
we're erring on the side of Ileaning towards the
clinical benefit at the cost of not letting a drug out
into the general population that won't have a clinica
benefit and may cause adverse effects that we really
shouldn't have let out in the first. So we're really
trying to increase that |likelihood as nuch as
possi bl e, which is why you would want two at the exact
sane tinme, two sinmultaneously having a positive result
in this conposite, which is why it was suggested in
the first place.

DR SORENSEN: Dr. Kawas, | don't think
you need both. I like Dr. Penn's point. One conpelling

story is good enough. And | agree with you that we, as
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much data as we've seen today, | think everyone would
agree we're still at a fairly early stage of our
under st andi ng of these narkers. And | wouldn't want
to insist that a drug had to succeed at both this
early in the gane.

| think the biggest challenge around all
of this is that we still don't have really enough data
to speculate about specific details. So to be
explicit with Dr. Love's questions, ny own sense is
that given the nunerous single center studies of both
PET and MR, | feel |ike when soneone gets around to
doing the multi-center trial the right way, that there
will be a link between the pathol ogy and the i maging.
But those |inks have not been established today, to ny
know edge, in a well desi gned, well controll ed
prospective trial. That data just isn't there.

And so it's hard to say which one would be
first or which one is better. | think we'd be
specul ating and you're hearing sone speculation at
this point, but it's speculation.

If the runors about the N A sponsored

study or these others, nmaybe they're included in
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commercially sponsored trials are true, maybe within a
year or so maybe we'll have enough data, hopefully
wel | before sonebody would cone to you or at |east
concomtant w th when sonebody cane to you, and then
we coul d use that to help guide this.

I'd be nervous offering guidance to
sonebody right now when a well designed study could

change that gui dance.

DR PROVENZALE: Coment. |'min agreenent
with Geg. | think we're mssing a lot of the basic
dat a. It's simlar to feeling an el ephant from many

di fferent angles.

The data that we've seen and that we've
read in the literature is very promsing. Wen I
mentioned correlation of, let's say, PET and
volunetric MR imaging or PET and spectroscopy, | was
basically pointing out that we don't know what the
correlates, we don't know what the glucose netabolic
rate change is in areas -- | nean, | don't think we
do. In areas of hippocanpal shrinkage accounting for
volune loss or in, you know, what's the correlate of

NAA decline with glucose netabolic changes on a pixel
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by pixel basis? W don't have that information.

| think a lot of what we're basically
tal king about here is we're not really answering the
questions of how would you design this from the FDA
perspective. W're really kind of outlining a wsh
Iist of t he necessary, from our st andpoi nt
perquisites for noving forward. And there's tinme to
do this before, |like Geg said, a drug cones to
mar ket . But these are the things that we'd be
interested in learning nore about before we could
answer your question.

CHAl RPERSON KAWAS: Dr. Wl f?

DR WOLF: | think we have three |levels we
have to Wor ry about ; bi ochem cal changes,
physi ol ogi cal changes and anatom cal changes. And |
think one of the areas, again adding to the w sh |ist
you just nentioned, that we need a Ilot nore
information is markers of nol ecular changes that occur
relatively early and that can be neasured and that can
be indicative of what's likely to happen later on in
t he physiol ogical and in the anatom cal phase.

So the question really -- the answer to
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your question is we don't know at this nonment which
one of these neasurenents is the nost efficacious one,
but I think we need to accunmulate the data and see
which one correlates best, and hopefully try to
devel op sone additional markers that are nore specific
and go nore to the nechani sm of the di sease process in
order to really have a good handl e.

DR QLIVA | wuld like to hear fromthe
Commttee nenbers who earlier said that, no, that
there are no markers that are reasonably likely to
predict clinical effect. 1'd like to hear your answer
to the followng question: Dr. Fox earlier this
nor ni ng suggested to nme, anyway, that quantitative M
imaging mght be reasonably likely to predict a
positive clinical outcone if that effect persisted.
So what would you think of a clinical trial design
that would incorporate quantitative MR inmaging as a
primary outconme that also incorporated a random zed
wi t hdrawal design that showed persistent effect?

CHAI RPERSON KAWAS: "Il start, because I
think I'"'m one of the people who suggested -- well,

your words were no nmarkers likely to predict outcone,
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and actually that is not what | think

I, in fact, think that it is very likely
that sonme of these nmarkers would be relevant for
outcone. The problemis |I've not seen the data to make
me know that. So | think there's a bit of a difference
bet ween those two things.

The second part of your question was then
what would | think about a design that wthdrew. And
here I think it really depends on the nechani sm that

we're trying to get at wwth a particul ar drug.

So although | understand why everyone's
suggesting a conposite, | think that's too stringent a
test. | think a drug could easily work in a way that

woul d show up on a functional surrogate marker and not

show up on an anatom cal surrogate marker and still be
absolutely relevant to the outcone. So | actually
don't particularly like the idea of a conposite

anyt hi ng, because all you're doing is putting together
a bunch of things in the hopes that sonehow that makes
you closer to right.

But the part that's mssing with the

single is the information that would nake ne feel
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confident that if | make that change on the PET scan
that 1've also nade a change in the patient down the
line. And in that sense, the design wouldn't help ne
at all | don't think.
Dr. Fogel ?

DR FOGEL: No, a conposite doesn't actually do that
in the hopes that you're going to be right. What a
conposite does is it takes the probability that you're
right on tw of them and gives vyou a higher
probability that together if when they intersect that
you wll be nore reasonably likely to eventually
predict an outcone. So it's not that one is hopeful
You're trying to be nore specific because when you're
saying -- if you don't have data to show that the
unval i dated surrogate is going to have a clinically
rel evant outconme, then you have to hold it to a
hi gher standard. And to hold it to a higher standard,
you have to be nore specific. And to be nore specific,
you need to have nore than -- it seens to ne fromthe
data that has been presented, that you need to have
nore than just one unvalidated surrogate to be

positive sinply because it will be nore specific in
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terns of effecting the disease and nore likely to
actually have a relevant clinical outcone.

DR KATZ: Yes. I'd like to just expand on
Armando's questi on. But | think it's the next
critical series of question or series of questions
that | think the no voters should address, which is
what if anything at the nonent should be part of the
design of a study that would allow us to concl ude that
a drug has an effect on the underlying progression of
t he di sease?

Dr. Fox had talked about including a
wi t hdrawal phase, as Arnmando pointed out. You know,
obvi ously, people have talked about the so-called
random zed wthdrawal or random zed start clinica
trial wthout surrogates, which involves at sone point
withdrawing the drug or putting people who had not
been on the drug on the drug and seei ng whet her or not
any effect persists between the drug and placebo
patients. So that intrinsically has a random zed
wi t hdrawal phase. And we believe that study is
interpretable as having an effect on progression if

the effect at the end of +the randomzed period
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persists during the wthdrawal phase.

So 1I'd Ilike to hear what again, if
anything, elenments ought to be included in the
clinical trial that wll allow us now to conclude, if
anyt hi ng. If you think this is even doable now that
if a drug doesn't effect on progression.

| mean, Mchael talked about a study in
which sinply just correlated the clinical with the
surrogate at sonme point down the road, and that m ght
be sufficient.

So, | think we really need to hear from
those of you who voted no. W're not ready to rely
solely on a surrogate Are we ready to rely on any
conbination of elements in a trial and what ought
those elenents to be to support, in effect, a claim
for an effect on progression?

DR VAN BELLE: VWell, as the nost no of

the no's, | suppose.
First of all, let me say that | would set
very high hurdles for surrogates. | think there's

enough evidence and there are enough bad cases that |

think the agency should nove very carefully wth
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respect to accepting surrogates.

Secondly, if | were in charge, what
would do is I would still take a random zed cli nical
trial wth the endpoint as the primary outcone and a
surrogate as the secondary outconme. And whether | did
this in terns of a random zed w thdrawal or one or the
ot her designs, |I'mnot sure.

One internediate point which you nade is,
of course, you could also try to do sone kind of a
dose response in the sense where the level of the
surrogate is correlated with the clinical response
If there is a treatnent effect and if the surrogate is
doing what it should be doing, then there should be
some kind of a correlation between the surrogate
level, if you wish and perhaps the change in volune or
the lack of change in volune, wth the change in
cognition, say. That would be sinpler trial probably,
then sonme kind of a random zed w thdrawal which has
practical as well as ethical problens, maybe.

But that's what | would start wth. And
it's pretty hunmdrum and pretty traditional, but that's

where | think I would put it at this tine.
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The other thing we were talking about
trials of a year. These are very hard trials to do
with older patients. You know, there's death dropout.
The patients that are deteriorating the nost rapidly
are nost likely to withdraw. You really are going to
have a hard tinme with any kind of a trial to prove the
efficacy of a surrogate, if you wish, if you' re going
to take that long a tine, yet that's what the people
here around the table suggest.

The other thing, the final thing 1"l
mention is that how tolerable are these procedures
again, for the reasonably advanced Al zheiner's patient
in terns of agitation in terns of where they're at?
You know, sonebody saying an MRl takes an hour. That,
| assunme, is not just sitting under the instrunent for
an hour. But what kind of a tinme line are we talking
about and are we bordering on patient abuse just to
satisfy a clinical question? | just raise that as an
I ssue.

DR FOX | just wonder whether | could
both nake coment on the tolerability issue and

perhaps al so since ny comments on what | felt in terns
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of sustainability or effect would have on terns of
reasonably likelihood, if | may nmake conment ?

Firstly, on terns of patient's
tolerability, | can really only speak for volunetric
MRl and sequence takes that we use for the imges you
saw takes 10 mnutes. W're nearly conpleting a study
of 50 Alzheinmer's mld to noderate, neaning mni-
mental of 19 where they have 9 scans over a year.
W've had 5 percent dropout and 5 percent m ssed
scans. And one of the people who had a mld cortica
infarction was keen to cone back and conplete the rest
of his scans.

So, the care and attention of the
i nvestigators, the people find very supportive in this
extrenmely distressive disease. And having MI's does
not, in ny opinion, have mgjor contribution. Yes,
sonme people will be claustrophobic. In ny experience
we have a higher nunber of claustrophobics in the
controls than in the Al zheiner's patients. And, yes,
sone people can't stay still. So that's, as far as
|"m concerned, about that issue. And people are

desperate for that care and regul ar attention.
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And as far as the sustained effect is
concerned, | was trying to nake two points that in ny
very brief presentation. One, yes, wthdrawal | think
adds support. But the other point I was trying to nmake
is we set up lots of hypothetical situations here
And 1'd like to put one which nmakes the point about
the sustainability, having watched ny at-risk cohort
see hippocanpal atrophy progress inexorably and their
whole brain, and then seen the clinical progression

follow that. And it was always very conpelling to ne

if that -- at least the natural history conponent.
But the sustainability, | have two parts.
One withdrawal, which | think adds confidence, and

the second is |I think there is a different |evel of
confidence one has if, for exanple, if | scanned you
nmonthly for 6 or 12 nonths and saw that the rate at
each of that tinme was being consistently reduced; |
have a greater level of confidence in that and a
greater likelihood that a reasonable person would
think that was associated with clinical outconme than
if I just had a first and a | ast scan.

That was the point | wanted to nake. |
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t hi nk bot h add in ny opi ni on a level of
reasonabl eness, if that's a word.

DR GRUNDVAN: | basically agree wth
t hat . I just think that so in ternms of Dr. Katz'
question about what would you include in a trial to, |
guess, try to nmake it nore likely that you would
accept a surrogate as reasonably Ilikely that it's
going to inprove the clinical outcone, is that the
guesti on?

DR KATZ: No. Again, the use to which I
think we're nostly talking about these inmaging
nodalities would be put would be to support a claim
for an effective drug on a progression, on the
under | yi ng progression of the illness.

A nunber of you said that we're not ready
to come to that conclusion on the basis of an effect
solely on the surrogate. So what |'m asking is, is
there a trial design that we could do now that would
support an effect, a claim for an effect on
progression? Wuld it conbine the imaging plus a
clinical? Wuld it conbine imaging plus clinical plus

a wWthdrawn phase? |I'mjust trying to get a sense of
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what, if any, design you think we're ready to enploy
to address the question of an effect on the underlying
progression of the disease. It doesn't even have to
i ncl ude a surrogate.

DR GRUNDMAN: Ckay. So | would say two

t hi ngs.

One, if you were to do a clinical trial --
first of all, you know, again it always depends on the
clinical group that's involved in the trial. Because,

you know, your sanple sizes are going to be snaller
and the trials are going to be a shorter if you're
doing an AD trial than if you're doing an MC trial,
or if you re doing sone sort of a prevention trial.

So if we're just talking about AD trials
here, | think that you could do a clinical trial wth
clinical outconme neasures that we're used to, CDR
CA C, ADAS Cog, classical outconme neasures and neasure
MRI. And if they are both consistent with one anot her,
then I think that that would support, you know, a
di sease progression nodification type claim | think
it would support that. Cbviously, it doesn't prove it,

but it would at |east be consistent with that notion
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if you saw, you know, half the rate of decline on the
clinical and cognitive neasures and you saw sone
dimnution in the rate of decline on the MR atrophy;
that would at | east be consistent wth that
concl usi on.

KATZ: Any m ni num dur ation?

GRUNDIVAN: For the trial?

3 3 3

KATZ:  Yes.

DR GRUNDVAN: You know, | think it sort
of depends on how many people you have in your trial.
Because you can show an effect with a | arger nunber of
peopl e over a shorter period of tine.

DR KATZ: Right. But -- perhaps. But what
|'m asking you is there any mninmum duration below
which you would say well, | see they both go in the
right direction, but that doesn't prove to ne that
there's an effect?

DR GRUNDIVAN: | think probably -- you
know, | would say just practically for the clinical
measures you mght need a year to show that wth
several 100 people in each group.

| think for the MR neasures, |'m not sure
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how long it would take because I'mnot sure it's quite
as well worked out.

But | think one other point is that if M
nmeasures were conducted in the context of a clinical
trial and you were collecting them in a sequential
fashion, say every 6 nonths, and you did, say, an 18
nmonth or 2 year study and you found that the effect on
the MRl occurs at, say, 6 nonths and the effect on the
clinical occurred at 18 nonths, that would help give
me confidence that if they did another trial wth that
agent, that if you found an effect over that short of

period of tinme, that mght support an accelerated

approval .

DR PROVENZALE: Comment ?

CHAl RPERSON KAWAS:  Yes. I'mnot sure it's
an ideal situation, but | would suggest that a

wi t hdrawal design probably needs to be incorporated to
convi nci ngly nmake the case for di sease nodifying.

DR KATZ: I ncluding an inmagi ng surrogate
or just clinical, or just imaging?

DR WOLI NSKY: Yes. | don't think it's

very practical to think about w thdrawal designs. |'d
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rather be an optimst. I'"d rather believe that the
treatnents are going to work, and |I'd rather deal wth
the issues of the so called randomzed start or
del ayed start of therapy.

Vel l, when you start using sonething |ike
atrophy as the endpoint of neasure if these curves
never catch wup, that's telling us sonmething very
inportant. And that's what we would expect to see.
And certainly for sone of the studies we've done in M5
where we've had random zed starts of a sort, these are
exactly the kind of curves we see.

DR KATZ: No, that's fine. Again, |'m
just asking what the elenments of such a trial would
be. W can refer to them sort of generically as a
swi tchi ng maneuver or whatever you want -- let's say
random zed start.

DR WOLI NSKY:  Yes, but one | oses patients
and the ot her one keeps them

DR KATZ: Vell, no, fine. Again, |I'm
just trying to understand whether or not you need sone
sort of a phase like that at all or whether just a

sinple parallel study which shows a correlation at
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some point down the road between clinical and
surrogate is sufficient. I'm just trying to get a
sense of what peopl e think.

DR PROVENZALE: Comment. Wth regard to
design of the length of the study, that is | think
| argely governed by what change you're hoping to see,
what would be statistically significant. | mean, you
know, let's say going back to what Dr. Jack showed
about t he hi ppocanpal vol unes. You know, a
statistician would basically have to decide, you know,
would a difference between 1.5 percent decrease and
3.5 decrease; that's the annual rate of change, |
bel i eve, that he gave us. You know, would that be
| ong enough or would you have to have 2 years at those
different rates in order to see a statistically
significant difference between the two? | f you
remenber, the standard deviation there was relatively
high for those rates of change.

So, | nean, | don't think that this is a
guestion that we an answer wthout a calculator,
basi cal | y.

DR KATZ: Vll, | take your point. But
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it's true that depending upon what the treatnent
effects size is, and you know, and the rate of change
you mght need -- if you enrolled a lot of patients,
you mght be able to do a shorter study. But |I'm
trying to find out whether or not as part of the
el enent of this theoretical study I'"'mtrying to decide
whether or not even if you could show an effect with
500 people at 3 nonths, for exanple, 1is that
sati sfying. The fact that you could show an effect
doesn't necessarily nean that you would believe that

that is an effect that 1is structural and would

per si st.

So I'm just trying to get a sense |if
people think, well even if | could show it at 3
nont hs, it still woul dn't convince nme it's a
structural effect. | still want to see at least 6

nonths or at |east 12 nonths.

| recognize that everything we're asking
you today is hypothetical.

CHAI RPERSON KAWAS: Vel |, hypothetically,
| would like at least 6 nonths. And | would like a

conbi nati on of cognitive and inaging. And you take
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the GCIC, substitute the inaging.

DR GRUNDMAN: I would say you can take
the CAC but I'd still like to see sone sort of
nmeasure of clinical change as opposed to just sinply
cognitive change in the trial.

CHAl RPERSON KAWAS:  Li ke what ?

DR CGRUNDVAN:  Like the CDR sum of boxes,
sone sort of measure of function.

DR PROVENZALE: It depends on what. Are
you tal ki ng about an AD study or an M study.

DR GRUNDVAN: W're tal king about an AD
st udy.

DR PROVENZALE: It totally depends on --
the problem with a CAC, | think there is a problem
with that because the longer the trial, the harder it
becones to renenber what's going on at the baseline.
So you do need some sort of functional severity
nmeasure whi ch can be assessed serially over tinme which
doesn't depend on the person's recollection of their
basel i ne status.

CHAI RPERSON KAWAS: Any other takers for

Dr. Katz' questions? |[|'ve never seen a conmttee so
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qui et .

Dr. Love, how about the questions that you
posed for us? Have we approached them in anyway
hel pful or could you like guide a little?

DR LOVE | think, yes, | think they've
been hel pful.

Qobviously we are speculating at this point
in time and | ooking for approaches to use in designing
these trials and not just for Rusty's purpose of what
are we going to do for a drug when it cones for
approval . Because these questions are being asked now
and these studies would need to be designed at this
point in time, but also these studies nmay be useful to
hel p establish the reasonable |Iikelihood aspect of
t his.

So, there would be probably features that
we want to think about based on things that you' ve all
ment i oned. Maybe if you're looking for clinical
effect at 3 nonths, does that neans that the
functional inmaging neasure should be tined along with
that if you think the functional inmging may change

before the anatom c i nage does?
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So, just those kinds of thoughts would
need to go into the design of the trial. But | think
we've heard a variety of coments and issues we'll
need to continue to think about.

Yes?

DR GRUNDIVAN: Vell, | was just going to
say, you know, | think that the functional neasures or
the functional and the anatomc and the clinical
nmeasures should be done simultaneously. But | think
they should be done serially over a period of tinme so
that you can conpare the sinultaneous neasures wth
each other, and then you can al so conpare the inmaging
neasures with their ability to predict the ultimate
outconme that you're looking for in the trial

CHAl RPERSON KAWAS: Dr. Van Bell e?

DR VAN BELLE: Just one final comment. |
was somewhat negative today, but I'm actually quite
excited about imaging, and | do think it's a very
useful technique. Sone of ny best friends do inmaging.

| just think that should it be done in a
proper scientific context. And | think the rules for

that are actually fairly straightforward and are known
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to the FDA as well as to the industry. It's just a
matter of doing it.

CHAI RPERSON KAWAS: "Il ditto everything
Dr. Van Belle just said.

And also in followup to your comrent, Dr.
Love, | can easily inmagine a surrogate marker |ike one
of these images being positive long before the
clinical outcone. It just doesn't have to be,
woul dn't necessarily be. | nean, | can se how both of
them in sonme cases depending on what the drug is
doing, <could becone positive together. But | can
easily see, | nean the inmaging becomng positive
before the clinical, whereas the opposite is quite
hard to i magi ne.

DR LOVE: Right. But that's the type of
information that would be useful in the long run to
determne that this is truly a surrogate or at |east
reasonably --

CHAl RPERSON KAWAS:  Ri ght .

DR WOLI NSKY: Ckay. | would sorry about
that a little bit just from experience in a different

field. Because sone of the netrics that we neasure in
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M5 seem to be dependent upon events that nmay occur a
year or two earlier; that the dye is then cast so that
if there's an effect of the drug it nmay take the third
or fourth year until you begin to see the effect of
t hat drug.

So I'm not sure until you know, and |
don't know about M5, but | do get the feeling that we
may know a little  bit nmore about t hat t han
Al zheinmer's, |I'm not sure that we actually can nake
these predictions. And, therefore, you have to be very
careful that you cast |ong enough nets for your data.

DR LOVE: And that probably goes to one
of Rusty's questions, how long -- how |long should the
studi es be. There's the short termhow | ong --

DR WOLINSKY: But assumi ng that we see in
an Al zheinmer's Disease is actually locked in sone kind
of a way, and I"'mnot sure that it is, it |looks to ne
that the data that Dr. Fox had presented and sone of
the other data woul d say that these studies have to be
as a mninmumto rigorously detect atrophy about a year
and probably 2 years. And that neans that if you're

doing at the late start, you're into a fairly long
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trial.

CHAl RPERSON KAWAS: Wl |, does anyone el se
fromthe Commttee have any comments, issues they want
to bring up? Any discussions? Any of our invited
speakers? Dr. Dorai swany?

DR DORAI SWAMY: (One of the comments that
was nmade was the tinme course of whether your clinical
outcome would turn out to be positive before the
i magi ng outconme or vice versa. | nean, we know from
our clinical trials already that the ADAS Cog becones
positive around 6 weeks in many of the drug trials.
|"m not sure that nost people expect a hippocanpal or
a brain atrophy volune to becone positive at 6 weeks.
So in nost trials the brain volunme changes are
probably going to occur after the clinical outcone
sort of changes. That depends on what outcones you're
| ooki ng at. Qoviously, if you're |ooking at survival
or nursing home placenent, etcetera, then probably
your I maging outcones wll pr edi ct t hose. But
certainly not the ADAS Cog outcone, because we already
know that fromthe clinical trials.

So, | just thought |1'd throw that out.
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CHAlI RPERSON KAWAS: Vell, | just want to
comment that we know that from trials that were
synptomatic trials. But if we're tal king about disease
nodi fying trials, which I think is actually one of the
interests, and we're talking about -- then that's
where | think we're going to see the inmaging positive
before we're able to detect a difference in the rate
of cognitive decline. But in synptomatic trials,
absolutely. | nean, you fix the synptons before you
fix the underlying disease in terns of time always.

Yeah. Dr. Fox?

DR FOX | was just going to agree wth
what you said in that the power calculations for
di sease nodification suggest that you'd be likely to
see -- if you had a purely disease nodification
effect, you' d be likely to see the effect on your
surrogate before your clinical. And it's quite
probable that you have both the synptom -- you nay
wel | have a synptomatic and a di sease nodification or
one without the other. It's possible.

DR, DORAI SWAMY: And you may never see a

cognitive effect. Because in the Vitamn E trial, for
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exanple, Vitamn E did not have any effects on the
ADAS Cog at all. And it's possible, | nean no one's
| ooked at brain changes in relation to Vitamn E
therapy, but it's hypothetically also possible as you
and sone others indicated that you could get a disease
nmodi fying agent that effects brain structure wthout
effecting cognition at all. That's a theoretical
possibility.

CHAlI RPERSON  KAWAS: | mean, | think the
di sease nodifying trial is really the inportant thing
in the field as well as the discussion that's
happening today. | don't think nost of us are that
worried about whether or not these are useful for
synptomatic -- drugs that give a synptomatic effect
only.

Dr. Katz?

DR KATZ: Just to respond to what Dr.
Dorai swany said, if you had a drug that effected a
surrogate but had never had an effect on cognition,
|"m not sure what you'd have. In fact, | think it
woul d suggest that the surrogate's a failed surrogate.

CHAI RPERSON KAWAS: Does anyone disagree
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with that statenment? | nean, | think that's exactly
right. The only issue is that if it takes a |onger
time to show disease nodification on a cognitive
outcome, but the assunption would be that eventually
you would be able to denonstrate it if the surrogate
was a valid one.

DR GRUNDMAN: I was just going to make
one point about Dr. Katz' question about whether or
not to do random zed start designs with inmaging and so
forth. And what was the point | was going to nake?

| think that --

CHAI RPERSON KAWAS: Wiat's the volune of
your --

DR GRUNDVAN.  On, the point was that, you
know, a lot of these drugs could have both synptomatic
and disease nodifying effects. And so the waters get
sort of nuddied when you do those designs and the
curves go back but not conpletely. So then do you
power your study to show that residual difference or,
you know, | think those types of designs becone pretty
conpl ex when you have to deal with themin reality and

not just, you know, in a theoretical construct where
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the differences are maintained at the sane |evel that
they were when the random zed portion of the trial
ended.

DR KATZ: Vell, | think things have the
potential to get extrenmely nmurky if you had a drug
that had an effect on the surrogate -- | won't say in
progression yet, but on the surrogate and also had a
synptomatic effect. Because if you did a short term
study with a drug like that, you mght see an effect
on the surrogate and you'd see your clinical effect,
and you want to conclude that this nust have an effect
on progression because there's a correlation. But, in
fact, it may have two actions. And the effect on the
surrogate nmay actually translate into absolutely
nothing clinically.

So, it's very conplicated. Al though
suspect in a case like that, if you did a random zed
wi thdrawal and you nmaintained -- | don't know But if
you naintained a difference on the surrogate but
perhaps the clinical outcome went back to where it
was, you mght argue there still was sone effect on

t he underlying structure. What that neant clinically



10

11

12

13

14

15

16

17

18

19

20

21

22

355

you still wouldn't know.

CHAI RPERSON KAWAS: Ckay. Well, it's been
a very long and interesting day. And | want to thank
all of the nenbers of the Commttee, all of the
invited speakers, the FDA, the audience, and | think
Dr. Katz has sone comments for us.

DR KATZ: Well, | just also want to thank
everybody. It's been a long day, an interesting. |It's
a lot of conplicated issues.

| appreciate our invited speakers com ng,
the inmaging consultants and the neuro comm ttee.

And | neglected to thank one person when |
spoke earlier this norning who really is largely
responsible for the neeting at all, that's Dr. Ranji
Mani who is a senior reviewer in the neurol ogy group
in the division who identified the experts and really
wote our briefing docunents, and really put together
t he whol e neeting. So he deserves our great thanks.

(Whereupon, at 4:54 p.m the neeting was

adj our ned.)



356



