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PROCEEDI NGS
Call to Order and Openi ng Renarks

DR VENI TZ: Good norni ng, everyone.

Wel come to the dinical Pharnacol ogy Subconmittee
Meeting. As you know, we have a full agenda both
for today as well as for tonorrow. So, | would
like for us to get started by introducing the
menbers and the FDA staffers around the table
before Ms. Scharen introduces the conflict of

i nterest.

My nane is Jurgen Venitz. | amthe chair
of the conmittee and | am an associ ate professor at
Virginia Commonweal th University.

DR D ARGENNO M/ nane is David
D Aregnio. | am professor of bionedical
engi neering at the University of Southern
Cal i forni a.

DR FLOCKHART: M nane is Dave Fl ockhart.
I am a professor of nedicine, genetics and
phar macol ogy at | ndiana University.

DR SHEINER | am Lew s Sheiner, clinical
phar macol ogi st fromthe UCSF.

DR. SWADENER:  Marc Swadener, from
Boul der, Col orado.

DR JUSKO W/ liam Jusko, Departnment of
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Phar maceuti cal Sciences, University at Buffalo.

M5. SCHAREN: Hilda Scharen, FDA, Center
for Drugs.

DR KEARNS: G eg Kearns, clinical
phar macol ogi st from Children's University Hospital
in Kansas City, M ssouri.

DR. DERENDORF: Hartnut Derendorf,
Department of Pharnmaceutics, University of Florida.

DR. DAVIDI AN:  Marie Davidi an, Depart nent
of Statistics, North Carolina State University.

DR SHEK: Efrai m Shek, Abbott
Laboratories, the industrial representative.

DR MCCLEOD: Howard McCl eod, clinical
phar macol ogi st, Washington University in St. Louis.

DR HUANG  Shi ew Mei Huang, Deputy
Director for Science, Ofice of Pharnmacol ogy and
Bi ophar maceuti cs, CDER

DR LEE: Peter Lee, Associate Director,
Phar maconetrics, O fice of Cinical Pharnmacol ogy
and Bi opharmaceuti cs.

DR LESKO Good norning. Larry Lesko,
Director of the Ofice of Cinical Pharnacol ogy and
Bi ophar maceuti cs.

DR VENI TZ: Thank you. Let me turn over

the mcrophone to Ms. Hilda Scharen. She is the
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executive comrittee secretary and she will provide
us with the conflict of interest statenent.
Conflict of Interest Statemnent

MS. SCHAREN:. The foll owi ng announcenent
addresses the issue of conflict of interest with
respect to this neeting and is nmade part of the
record to preclude even the appearance of such at
this meeting. The topics of today's neeting are
i ssues of broad applicability. Unlike issues
before a conmittee in which a particular product is
di scussed, issues of broader applicability involve
many i ndustrial sponsors and academ c institutions.

Al'l special government enpl oyees have been
screened for their financial interests as they may
apply to the general topics at hand. Because they
have reported interests in pharmaceutica
compani es, the Food and Drug Administration has
granted general matters wai vers of broad
applicability to the followi ng SGEs which pernmits
themto participate in today's discussion: Dr.
David D Argenio, Dr. Marie Davidian, Dr. Hartnut
Derendorf, Dr. David Flockhart, Dr. WIIiam Jusko,
Dr. Gregory Kearns, Dr. Howard McCl eod, Dr. Mary
Relling, Dr. Wl fgang Sadee, Dr. Jurgen Venitz

A copy of the waiver statements may be
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obtai ned by submitting a witten request to the
agency's Freedom of Information Ofice, Room 12A-30
of the Parklawn Buil di ng.

Because general topics could involve so
many firms and institutions, it is not prudent to
recite all potential conflicts of interest but,
because of the general nature of today's
di scussions, the potential conflicts are mtigated.
W would like to note for the record that Dr.
Efraim Shek is participating in today's neeting as
an acting, non-voting industry representative.

In the event that discussions involve any
other products or firms not already on the agenda
for which FDA participants have a financia
interest, the participant's involvenent and their
exclusion will 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 involvenment with
any firm whose product they may wi sh to coment
upon. Thank you

DR VEN TZ: Thank you. As you can tel
fromthe agenda, we have three main topics for
di scussi on today, end- of-phase-2A neetings; PK/ PD

nmodel i ng of QTc prolongation; and pediatrics. The
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person who put the agenda together, Dr. Larry
Lesko, is going to introduce the topics for the
nmeeting and the outcomes that he would Iike for us
to achieve. Larry?
Introduction to the Meeting

DR LESKG Thank you, Jurgen

[Slide]

Good norni ng and wel come back to anot her
Clinical Pharmacol ogy Subcommittee. |n particular,
I would like to wel cone sone new nenbers, Dr.
D Argenio and Dr. Davidian. Thanks for joining us
and bringing some expertise in you areas to our
wor ki ng subconmi tt ee.

[Slide]

What | amgoing to do today is really
i ntroduce the topics for today but | amal so going
to review the topics that we covered in the first
two neetings, and link those to today's topics to
try to illustrate the continuity in issues that we
have been bringing before this advisory conmittee.

[Slide]

So, let me start by saying that this is
the third nmeeting of the dinical Pharmacol ogy
Subcommittee. As you can see, it has been about 12

to 13 nmonths since our first neeting, back in
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Oct ober of 2002. W had our next meeting in Apri
of 2003 and this represents our third neeting.

I have to say that the input of this group
has had a significant inpact on the progress that
we have nade in each of the general topic areas
that | first introduced back in Cctober of 2002,
those four or five broad areas. As | go through a
ki nd of synopsis or review of what we have done to
date, you will appreciate where that input is
com ng into play.

[Slide]

Back in Cctober | had indicated that a
maj or enphasis of this conmittee is going to be
risk, and | subdivided risk into risk assessnent
whi ch we defined as a quantitative or science-based
estimate of risk in a special population who is
ei ther under- or over-exposed to drug treatnent.
This, of course, relates to dosing adjustnments that
are pertinent to |abeling of a drug product.

The second broad area of risk was risk
managenent, and that was defined as taking action
to reduce the risk through appropriate |abe
| anguage rel ated to dosing adjustnents. As you
recall fromour prior neetings, we tal ked about a

two-fold approach to dosing adjustnent. One is
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identifying the magnitude of the risk involved with
under- and over-exposure and then trying to
determ ne an appropriate dosing adjustnent to
mninze that risk

[Slide]

It isn't by accident that have covered
these topics so far. |In fact, approximtely on
August 30 of this year, the FDA's new strategic
plan was released. It is on the website. One of
the key parts of that strategic plan that rel ates
to the objectives of this group--the key el ement of
FDA's new strategic plan is efficient risk
managenent. Secondly, to use the best bionedica
science to achieve our health policy goals. Third,
to make new treatnments and technol ogy | ess risky
with greater predictability and less tinme from
concept to bedside. | would say all the topics we
will talk about cone under the unbrella of the
strategic plan, and in particular these el enents of
it.

[Slide]

So, let's talk about the scope of topics
that we have covered to date and will continue to
di scuss: Quantitative risk analysis using

exposure-response regul ations; pediatric PK and
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anal ysis of the FDA pediatric database;

phar macogeneti cs--we have tal ked about inprovenents
in existing therapies and at the | ast neeting we

i ntroduced the topic of nmetabolism and
transport-based drug interactions.

[Slide]

Now let's take a | ook at each of those
topi cs and see what we have acconplished to date
and where we are going today. Well, basically, the
met hodol ogi es that we presented to this committee
both in Cctober and April have basically resulted
in a finalized, systematic pharnmaconetric
met hodol ogy to apply to dose adjustnents. W are
and we have applied the nethodol ogy to both
assessnent of efficacy and safety biomarkers; in
sonme cases clinical endpoints; and it has been
hel pful as a nethodol ogy or an approach to assess
ri sk-benefit.

We are currently integrating the
met hodol ogi es we tal ked about at our neetings into
the routine NDA reviews and will in the future in
early neetings with sponsors that | will talk about
when we get to the end-of - phase-2A neeting.

W tal ked on several occasions about the

utility function. This continues to be a work in

file:///IC|/Daily/1117phar.txt (11 of 318) [12/5/03 2:01:59 PM]

11



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

progress. The approaches that we have di scussed at
prior meetings have rai sed awareness and al so the
issues. | think our next step as a work in
progress is to have sone future further dial ogue

wi th our physicians and statisticians. There stil
remai ns an unresol ved i ssue, namely, howto
determine the appropriate utility function for
relative efficacy and safety endpoints.

[ Slide]

At today's neeting, thinking of the broad
topic area, what we are going to do is talk about a
new proposal for an end-of - phase-2A neeting between
FDA and industry. What we would like to do is
di scuss topics at this nmeeting that revol ve around
the eval uation of exposure response and prospective
dose sel ection.

We are going to show you sonme case studies
of exposure-response anal ysis. These cone fromthe
NDA revi ews but we think they are nodels for the
type of analysis that we can conduct at the
end- of - phase-2A. The idea is to | ook at these
nmodel s and get a feeling for how the analysis at an
earlier stage in drug devel opment woul d have
benefitted the quality of the new drug application

[Slide]
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Al so related to exposure response we wl |
be tal king about a met hodol ogy for eval uating Q.
Thi s has becone a mmjor issue, as many people are
aware. We will talk about points to consider for
PK/ PD or PK-QT study design. W will tal k about
the use of clinical trial sinmulation to optimze
the study design for this evaluation, and we will
show you sone case studies illustrating
pharmaconetri c considerations arising from NDA
review of QI data. W are beginning to get a | ot
of experience with this but, |ooking ahead, what
ought to be the inportant aspects of study designs
for the next study that m ght be conducted?

We have tal ked about pediatric PK and the
anal ysis of our FDA database. W basically have
conpleted the PK, as we call it, study design
tenpl ate, and we have utilized it in interactions
with sponsors as an alternative to determ ning ful
sanple strategies in looking at the PKin
pedi atrics.

We have further work in progress on
simulation to further optinize the nunber of
sampl es, the sampling tinmes and nunmber of
patients--basically the design of the study, and

that is an ongoi ng work.
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Last time in particular we tal ked about
our pediatric database anal yses. W are going to
| ook at the database retrospectively. W presented
sonme ideas on that. W got your input on it. But
that has been a challenge for us, and it hasn't
been a very successful initiative.

Over the last three or four nmonths what we
found is many inconplete data sets for the analysis
that we want to undertake. W have non-opti nal
study designs because they weren't designed for the
type of analysis we wanted to conduct. W haven't
gi ven up however. W have begun to | ook at the
dat abase nore sel ectively, picking on drugs for
case-by-case anal ysis and comparing pediatric and
adult data for simlarities and differences in
exposure response. W have picked drugs were there
is anmre full data set and we will probably bring
sone of that information forward in the future
However, today we will talk nore about that this
af t er noon.

[ Slide]

So, today's neeting topic, nunber three,
we want to revisit the clinical pharmacol ogy
principles of the pediatric decision tree with sone

case studies. This is a decision tree which is
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al ways evol ving as new i nformation becones

avail able. But you will see in the decision tree
that there is a point at which we tal k about
conparing simlarities and exposure-response

rel ati onshi ps between adults and pediatric
patients. W haven't really adopted any

met hodol ogy to conpare that simlarity so today we
will present a method to be used in the
determnation of simlarity of exposure-response
rel ati onshi ps.

You are al so going to hear sone
perspectives. There will be new perspectives. You
wi Il hear an FDA perspective fromthe medical side
and you will hear an academ c perspective fromthe
clinical pharmacol ogy side. Both of themw Il be
based upon experiences with the pediatric decision
tree and applying it in the devel opment of
pedi atric drugs.

[Slide]

We have tal ked about pharmacogenetics, and
the enphasis has been on the inprovenent in
exi sting therapies or approved drugs. W focused
for the nost part on pol ynor phi smin netabolizing
enzynes that determine variability in drug

exposure. W are going to stay in this area for a
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while. Qur enphasis in prior neetings had been on
TPMI' and t he pol ynorphi smthat affects dose
response for the thiopurines.

Since we net in April we have had
addi tional discussions of the TPMI issue and the
possi bl e nodi fications of the thiopurine | abels.
We presented a lot of the information that we
presented to this conmttee, including the input of
the committee, to another subcomm ttee, which was
the Pediatrics Subcommittee of the Oncol ogy Drug
Advi sory Conmittee, in July of 2003. It was a very
interesting neeting, very hel pful in raising sone
issues that related to do we need this test; what
is it going to cost patients; what is its
predictive value and quality, and so on and so
forth. W worked through those issues and at the
end of the day this subconmittee recomended
i ncl udi ng pharmacogenetic information in a revision
of the | abel for thiopurines.

One of the issues that was discussed in
July was whether or not this test should be
required before receiving drug, or the information
put in the label for informational purposes to be
used by the physician and the patient in certain

circunstances. The recomendation of the conmttee
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was that the test should not be required as a
prerequisite for receiving the thiopurines.

[Slide]

So, at today's neeting we are going to
shift the discussion of the question of the
phar macogenetics a bit. W are going to focus on
what shoul d be done in new drug devel opnment for
substrates that are netabolites primarily by
pol ynor phi c enzynes. W have tal ked about approved
drugs to sone degree.

We are going to hear three expert
perspectives, an academ c, an industry and a
clinical view Discussion will influence
recomrendati ons that we are going to be putting in
anot her gui dance that is under devel opnent. W
call it the General Pharmacogenetics Cuidance. It
is going to be worked on and rel eased probably
sonetinme in the first half of 2004. This topic
will be an inportant part of that guidance. So, we
| ook forward to your input on this issue.

[Slide]

Finally, we had tal ked about mnetabolism
and transport-based interactions with just an
introduction to the topic at our last neeting. It

was i ntended to be really a foundation for
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subsequent di scussion which will continue today.
So, we wanted to bring to the commttee an

i ncreased awar eness of what we think are sone new
mechani sms of drug interactions that are beconi ng,
to us at least, clinically inportant, and what do
we do about them during the course of drug

devel opnent.

Coincident with that, we have a revision
of the Drug Interaction Quidance in progress, and
many of the di scussions and issues that we will
discuss in front of this conmttee will nake their
way into the revision of that guidance

[Slide]

So, what are we going to hear today? W
are going to hear nore specifics on this issue. W
are going to be asking what should be done in the
consi deration of these new drug interactions of
energing inportance. W will be hearing different
views on the topic and we will be focusing on two
met abolic sorts of drug interactions related to 2B6
and 2C8. Again, the discussion will inpact future
regul atory advice on these issues.

[ Slide]

In sunmary, | have really broken down

today's neeting into five separate topics where we
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19
will be asking for your input and advice. | won't
go over the specific questions right now. W will
i ntroduce those as we get to the specific topic.
Again, we are looking forward to today. W are
confident, as we have been in other conmittee
meetings, that your input is going to be inportant
to us and we are always trying to refine our
t hi nki ng about these topics.

So, that is basically an introduction, a
framework for today's neeting. Looking at the
agenda, | am next on the agenda so maybe | will
just slide into nmy next presentation but that,
hopefully, will give you a feeling for what we are
going to try to acconplish today.

Proposal for End-of-Phase-2A (EOP2A) Meeti ngs

[Slide]

Let me pause, take a breath and say that
we are noving into the first topic of quantitative
anal ysi s using exposure response. \Wat | am
introducing today really for the first tine, or
discussing it in a public forum is a proposal for
t he end- of - phase-2A two-way neetings. This relates
to anal yzi ng exposure response, not at the NDA
stage necessarily but at an earlier point in tine

in drug devel opnent.
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I amgoing to wal k through this proposa
and then that is going to be suppl enented by other
presentations. Dr. Peter Lee will give an exanple
of sonme of the issues that will be discussed at
this nmeeting and possible inmpact, and then wll
present sone case studies and you will have to use
your inmagination a bit because these are case
studies that we drew from our NDA reviews but we
want to sort of transpose themin tinme and have you
thi nk about the possibilities and the inpact that
this anal ysis mght have had, had they occurred at
an end- of - phase- 2A neeti ng.

[Slide]

Let me start the story of this proposa
with the current situation in new drug devel opnent.
This is fromthe FDA strategic plan. Wat it shows
is really an alarm ng change in the drug
devel opment process. There are a couple of things
on here but the main point of this slide probably
is that very thin white line that you see there,
which is the number of NVEs filed with the agency
over the last ten years or so

You can see froma high in 1995 of about
50 NMEs, we are down to 2002 at about 20. It

hasn't gotten any better so far in 2003. Recently
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I read in the "Pink Sheet" that the nunber of | NDs
filed is at a record 11-year low. So, sonmething is
going on in the drug devel opnment process and nmany
peopl e are |l ooking at this, including the agency,
totry to figure out what is going on and how this
trend m ght be inproved.

[Slide]

So, the question comes down to what
probl enms need solving in this current situation of
drug devel opnent. W have seen estimates from
Tufts and other places that it costs 800 mllion
dollars to devel op a new drug. The agency is
concerned about this expense given the return on
i nvestment that we have seen in the new drug
devel opment process. This figure is high. It
i ncludes not only the actual direct cost of
devel oping a drug but also the indirect cost of
| ost opportunities.

Al nost 50 percent of phase 3 trials don't
succeed. That is, they fail to show their target
evi dence of efficacy or safety issues energe. This
figure cones really fromthe PhRVA FDA website.
Throwing figures like this around, | think you
realize that this is very much drug dependent. It

is higher in certain diseases |ike depression; it
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m ght be lower in other diseases |ike antimcrobia
drugs.

Only 20 percent of new drugs entering
clinical testing are approved. So, four out of
five don't nmake it for various reasons, whether it
be safety, efficacy, manufacturing probl ens,
phar macoki netics. This, in sone formor fashion,
underpins the situation we have in drug
devel opnent.

[Slide]

I nmentioned that strategic plan that Dr.
McCl el l an rel eased in August of this year. There
is apoint inthat strategic plan that focuses on
new drug devel opment and the need for greater
productivity. He recomends that steps be taken to
reduce the tinme, cost and uncertainty of devel oping
new drugs and he identified this as an inportant

public health policy.

[ Slide]
Wel |, that brought us around to a specific
suggestion that mght fall into that goal in the

strategi c plan which we call the end-of-phase-2A
meeting. It is kind of a general termthat we have
given to this proposal. It isn't intended to

exclude the possibility of meetings at other points

file:///IC|/Daily/1117phar.txt (22 of 318) [12/5/03 2:02:00 PM]

22



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

23
prior to the 2A period in drug devel opnent. W
coul d have, for exanple, an end-of-phase-1 neeting
but, for convenience, we had to give this a nane
and we called it the end-of-phase-2A neeting, and
amgoing to tell you a little bit about it.

The hypothesis for this proposal is that
meetings with sponsors early in the drug
devel opment process will focus greater attention on
the analysis, in particular, of exposure-response
information. W think it will inprove dose
sel ection and study design for subsequent clinica
trials.

We have had prior discussion of this
hypot hesis with Dr. MCellan, Drs. Wodcock and
Jenkins, and you can see how we have begun to sort
of get the dialogue going internally at FDA with
the Ofice of New Drug Ofice Directors, the
Division Directors and, nost recently, we presented
this proposal and sone case studies at a CDER
al | - hands gui dance training in which we had severa
gui dances on the agenda, but we tal ked about the
April, 2003 Exposure-Response Gui dance and |inked
that to this particular proposal. So, it has been
an evol ving concept and what | am presenting today

is really a collective input of many of the
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i nternal thought |eaders here, at the FDA

[Slide]

There are a couple of things driving the
hypothesis that | nentioned about these early phase
meetings. One of themis expressed in this quote
by Dr. Tenple. This was froma DI A neeting in
June. He said there is nore to do with regard to
dose choi ce from exposure-response studi es and
there is much to be gained frombetter use of
bi omarkers and nore efficient study designs for
phase 3 trials.

It is hard to argue with that but the
guestion was where do we have the dial ogue on this?
Where do we have an interaction with the conpany?
The end- of - phase-2A neetings aren't the place to
have thi s because drug devel opnent dose sel ection
phase 3 trials are pretty much set at that point
and there is not a lot of tine to discuss either
bi omar kers or dose-response data. So, there was a
m ssi ng gap.

[Slide]

We have three guidances that drive this
hypot hesi s about early neetings. The nost recent
one was from April of 2003, exposure-response

relati onships. W talked a | ot about regulatory
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applications in study design and data anal ysis.
But we al so had behind that two previ ous gui dances
on clinical evidence of effectiveness and
dose-response information. So, taken together,
these are the principles--probably as good as they
can get right now | think--of best practices in
exposure response. Like a |ot of guidances,
however, they have to be interpreted and, for
interpreting those, having neetings with industry
is a good place to do it.

[Slide]

So, as a philosophical point, FDA is
interested in good dose-response anal yses. There
are sone data driving this hypothesis as well. W
conducted an informal review of exposure-response
data in over 100 NDAs subnitted between ' 95 and
2001. The purpose of this review was to try to
forma foundation for what this neeting is going to
acconplish, where we identified mssing data
related to the quality of subm ssions and approva
rates. We were |ooking for the extensiveness of
dose-response data, dose sel ection process, how
many studi es were conducted, and so on.

We al so did a prospective eval uation of

over ten NDAs submitted in 2002 and 2003. Wat we

file://IC|/Daily/1117phar.txt (25 of 318) [12/5/03 2:02:00 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

tried to do here was evaluate the inpact of the
review, in other words, what happened at the NDA
stage with the anal ysis of exposure-response
informati on. \Were probl ens uncovered? Wre doses
consi dered i nappropriate? W asked the question of
whet her or not this type of review-the review at
the NDA stage--if it had been carried out earlier
in the IND period in conjunction with the sponsor,
woul d it have saved time; would it have saved
costs; would it have saved review cycles when it
came to the NDA?

[ Slide]

Sone of the results of exposure-response
reanalysis in that collection or cohort of ten
studi es showed us the followi ng: That we could
avoi d reanal ysis of exposure-response data,
potential requests fromother disciplines to
conduct additional clinical trials. That is, we
reanal yzed the exposure-response data. W
i ntegrated data across several studies and avoi ded
the need for additional clinical trials.

We found that this reanalysis resulted in
the approval of |ower doses or different dosage
regi nens than that proposed by the sponsor for a

variety of reasons including safety. W identified
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m ssing data on specific doses or in special
popul ati ons, including drug-drug interactions that
impacted review tinme. So, these are all
significant findings of what a reanalysis at the
NDA stage found. Again, can we nmove this forward
into the end-of - phase-2A and achi eve the sane

obj ective but earlier and result in a higher
quality application?

[SIide]

There is an additional goal which we
struggled with in ternms of resources here at the
FDA, and that is efficient and effective use of our
resources. W feel that interactions with sponsors
early in the drug devel opnent process provi de not
only an opportunity to inprove things but to
provi de advi ce on devel opnent of information of
exposure response and other clinical pharmacol ogy
i ssues, rather than waiting until the NDAis in and
i dentifying problenms--drug interactions that may
not have been conducted; special popul ations that
may have been ignored. Yes, we can deal with those
but that involves |abeling and very carefu
| abel i ng. But having these discussions early about
the overall clinical pharnacol ogy devel oprment pl an,

exposure-response rel ati onshi ps, dose sel ection and
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dose choices we think is an efficient and effective
way to devel op drugs.

[Slide]

Now, let ne talk a little bit about the
timng of the neeting so we are cl ear on what we
are tal king about here. What this slide shows
basically is the general schene of things as it
currently exists. Typically, sponsors wll
request--these are all voluntary requests, by the
way and they are not required neetings--pre-IND
meet i ngs.

The next junction at which FDA and
industry has a formal get-together is the end of
phase 2. Sonetinmes there is a pre-NDA neeting.
Sonetinmes there are | abeling discussions and then
an action letter. So, you can see the w de gap
that occurs here between the pre-1ND and the
end- of - phase- 2A.

What we are proposing is a neeting that
occurs in between these. W call it the
end- of - phase-2A. As | nentioned at the beginning,

I don't want to exclude the possibility that we can
have a neeting at the end of phase 1. This will be
very drug specific, what we know at the tine. W

are trying to focus on the information that is
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available in this time frane of drug devel oprent.
If you neet too early you have an inconplete data
set and the nmeeting becones filled with a | ot of
uncertainty. |If you neet too late in this schene
the drug devel opnent plans are already cast in
stone and it is hard to change them So, what we
are trying to do is find a balance in this drug
devel opment schene, going frompreclinical to
submi ssion, for where is the optimal tinme to have
the interactions with sponsors for the reasons that
| descri bed,

[ Slide]

The rationale for the neeting tine,
end- of - phase-2A, is that we think that it is at
this point that there is basically conplete
i nformati on on preclinical pharnacol ogy and
exposure response conplete in the sense of having
heal t hy vol unteer studies, drug dose tol erance
studies, things like that. So, we have the safety
data in healthy volunteers. W have sone efficacy
data depending on the drug at that point in tinme.
We have sone initial efficacy or proof of concept
data fromthe early phase-2A studies, and we have
safety data in patients, albeit a relatively snall

dat abase
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This is generally, although not always,
prior to the so-called conduct of registration of
| abel studies, that is, studies that a sponsor may
conduct on special populations, drug interactions,
food studies, perhaps sone formul ati on studies.

So, taken together, this information represents a
fairly rich database for an early neeting with
sponsors and an opportunity to anal yze exposure
response in particul ar

What we would also like to add to this, as
we tal ked about in this neeting, is energing
issues. There is a |lot of uncertainty about
integrating things |ike pharmacogenetics in the
drug devel opnment, but we think this would be an
i deal place to talk about things like this as well
as other topics, such as the use of trial design
simulation, and so on. So, this is the rationale
for it as to why we picked the end- of - phase- 2A.

[Slide]

We also think this is an opportunity to
advance the idea that nechanistic and quantitative
met hods of anal ysis of exposure response woul d be
beneficial. W envision that this nmeeting would
i nvol ve significant nodeling and simulation to

anal yze and integrate exposure-response data across
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studi es and expl ore dose choices for both 2B and
phase 3 studies.

We think this will be a point at which we
can di scuss the design of studies using
comput er-assi sted clinical trial sinulation, and
these are relatively new technol ogi es that we think
shoul d be applied in this context. This is a good
time for us to talk with the sponsor about the
design of PK studies to efficiently identify
covariates affecting exposure response in |ater
clinical studies, things |ike nunber of patients,
sanple tines, things of that sort.

Al'so, if you think about all the special
popul ations and drug interaction studies that are
conducted, those have to be interpreted as to
whet her or not a dose adjustnent is needed. So, we
think this would be a good tine to begin to talk
about therapeutic equival ence boundaries that woul d
be based upon exposure response or help interpret
the outcomes of these special popul ation drug
interaction studies as to whether a dose adj ustnent
is appropriate or whether it isn't, and this wll
help I think near the end of the drug devel opnent
process with the | abeling discussions that we have.

[Slide]
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Sonebody asked about what is the
di fference between this nmeeting and the traditiona
nmeeting that we have with sponsors called the
end- of - phase-2. Well, | think there are sone mgjor
differences. For one thing, by the end of phase 2
the sponsor has pretty nmuch made a final decision
on the choice of doses or dose ranges for phase 3.
Final formul ati ons are devel oped and it is
difficult at that point to change things wthout
affecting significantly the tine frame for the drug
devel opnment program

The end-of - phase-2 neeting is a fornal
meeting, very formal. The goal of that neeting is
to di scuss study design for phase 3; clinica
endpoi nts; heavy enphasis on statistics; and
basically leading up to what is the evidence one
needs for approval in terns of the adequate and
wel | -controlled trials. Also at the end of phase
2, for nost part nmany, if not all the special
popul ati ons and drug interaction studies are
conplete. So, the opportunity to influence the key
parts of drug devel opment pretty nuch have gone by
the board at this point.

The end- of - phase-2A neeting, in contrast,

wi Il focus on sone decision points in the
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devel opment program The neeting will be a bit
informal as well. | don't mean informal fromthe
standpoint that we don't take minutes or we don't
keep track of the nmeeting, but | nean informal in
the sense that there is a | arger degree of
uncertainty at the end of phase 2A than at the end
of phase 2 because of the | esser anount of

i nformati on, and we recogni ze that.

[ Slide]

One of the questions we have and woul d
appreci ate some comments on is we have linited
resources to conduct these neetings. W are going
to begin themfairly soon. One of the discussions
that we had internally, and that whole list of
di scussions | nentioned to you, is if we have
limted resources where would the inpact of these
types of meetings be greatest. Wuld it be a first
in class drug or one where there is significant
t her apeuti ¢ advancenent where the inportance of
getting doses is particularly enphatic? O, in
contrast, is it one where we understand the
pat hophysi ol ogy of the di sease and the pharmacol ogy
so that we can call upon a |ot of the experience to
enhance the interactions with the sponsor?

We think it would depend on the
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conpl eteness of the background package. | will
talk a little bit about that. There is another
debat e about whether this would be for an
experienced sponsor or one with | ess experience in
terns of the value of these interactions. So, this
is something we are going to have to sort out. W
have in our mind a target for these types of
meetings to probably have no nore than two per
month with our current resources and as a way of
introducing this as a pilot project.

[ Slide]

Let me tell you about the plan for this
meeting. W are going to draft a guidance for
industry. You have in the package that was sent to
you today a concept paper on this neeting which
goes into a lot nore detail.

The gui dance will tal k about background
obj ectives, exanples of topics, the usual process
things for setting up the neeting. These neetings,
Ii ke many neetings with sponsors, are going to be
voluntary, relatively informal and, nobst inportant,
interdisciplinary. This is not a clinica
phar macol ogy meeting; it is a neeting that wll
i nvol ve resources fromourselves in clin. pharm,

but al so the nedical and biostatisticians in our
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review divisions. W would like to evaluate the

i mpact of this neeting after sone years of
experience. W are trying to think in maybe two or
three years we need to | ook at sonme netrics for how
the inpact nmight be assessed.

[ Slide]

So, in sumary in introducing this new
proposal for an end-of-phase-2A neeting, we think
the neeting will serve to decrease uncertainty in
further drug devel opnent, for exanple in phase 3.
Uncertainty, we think, |leads to sone of the
problenms that | nentioned in the beginning in terns
of the drug devel opnent process today.

We think there is opportunity to do nore
quantitative anal ysis of exposure-response data to
define better the dose ranging for subsequent
clinical trials. W think it is a good tinme to
identify mssing information or di scuss necessary
information prior to subnission of the NDA to
reduce issues that come up at that point in the
process. W think at the end of the day, after
sonme years of experience, we will find this
i mproves the informational quality of NDAs and
mnimzes the delays in NDA review, for exanple

second and third review cycles that may be rel ated
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to dose selection or issues of efficacy and safety.

[ Slide]

So, what is it we are |ooking for today?
You are going to hear a story, as | said, about
some of the issues we see coming up at this meeting
and then some case studies. Wiat we would like is
some comrent on the goals of this neeting. Do you
think they are appropriate? As inportantly, what
do you see as sonme obstacles to achieving these
goal s?

You are going to see some anal ytic nethods
enpl oyed in these case studies using
exposur e-response exanpl es from our NDA review.
Thi nk about these met hodol ogi es, how can they be
i nproved; what should we be thinking about in terns
of getting even nore fromthe anal yses?

Do you have any thoughts on nmetrics? What
are the netrics that woul d be used to neasure the
i mpact or success of this initiative? That would
be inportant as to whether or not we continue with
it beyond the pilot period of a couple of years.

So, that is the end-of-phase-2A neeting.
I will turn it back to the chair but we are going
to continue discussing this and drill down into

sone nore detail, but if there are any questions
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can answer about the overall concept.

DR. VENI TZ: Any comments or questions for
Dr. Lesko before we proceed?

[ No response]

DR. LESKO | amgoing to turn it over to
Peter who will continue the discussion and talk

about sone of the issues that we think will cone

up.
| ssues Proposed to be Discussed at
EOP2A and their | npact
DR. LEE: Thank you, Larry.
[Slide]
I think later today we are going to hear
several exanples that will illustrate a potentia

benefit of discussing exposure response at an early
clinical devel opment stage, specifically at the
end- of - phase- 2A neetings. But what | would like to
do now is go over sonme of the potential topics that
we think will be useful to discuss with the sponsor
early on.

[Slide]

As Larry has nentioned, we have informally
| ooked at ten NDAs where the exposure-response
i nformati on has nmade significant inpact on

regul atory decisions. 1In sone of the NDAs the
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exposure response was used to approve a | ower dose
or a different dose than was proposed initially by
the sponsor. |In sonme cases the exposure response
was used to avoid any additional clinical studies,
especially efficacy and safety studies in the
submi ssions. Finally, you saw that
exposure-response information has been used to
identify the desired m ssing doses and al so specia
popul ati on studi es.

[Slide]

So, we thought that if this type of
anal ysi s, exposure-response analysis, were done
early on during drug devel opment we i ght
definitely save review tine and besides it may
i nprove the efficiency of the drug devel opnent
process. So, one of the general goals for the
end- of - phase- 2A neeting that we propose is to
di scuss exposure-response issues. W hope that by
this type of discussion we can nake inpact on the
deci si on- naki ng about the design and anal ysis or
exposure-response study early in the drug
devel opnment process.

Al so, we think that we could discuss the
strategy in dose choices and special popul ation

studies. W also hope to be able to anal yze by
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gquantitative analysis, for exanple, nodeling
simulation and clinical trial sinmulation so that we
can integrate relevant preclinical and clinica
exposur e-response data and, hopefully, close the
gap between what is known at the end-of - phase-2A
meeting and what will be applied in designing the
phase 2B and phase 3 studies.

[Slide]

So, here are sone of the discussion
poi nts. A discussion point that we thought woul d
be useful at an end-of - phase-2A neeting--and what |
will do in the next few slides is go over each of
these di scussion points one at a tinme and also talk
about the potential inmpact of these discussions.

[Slide]

The first topic for the end-of - phase-2A
could be the dose range strategy. In the exanples
that you will be hearing today, in nost of those
cases a suboptinmal dose was selected in the
ori gi nal NDA which would lead to either |ack of
efficacy of the drug in the phase 3 studies or
adverse events. Therefore, | think it would be
useful in an end-of-phase-2A nmeeting to discuss the
rational e for dose selections in a planned study,

and this can range fromthe first dose to an
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efficacy and safety study. Definitely, this wll
depend on the preclinical and cl earance evi dence
for the effectiveness and safety of the drugs.

We coul d al so discuss the drug devel opnment
strategy which could be a sequence of studies that
|l ead to the doses actually in the final efficacy
and safety studies. W could also talk about the
desi gn of individual exposure-response studies.

[Slide]

The second topic we propose to discuss at
an end- of - phase- 2A neeting i s exposure response to
support efficacy and safety. 1In the
Exposur e- Response CGui dance that was just recently
published early this year, we discuss the utility
of exposure-response information to support
efficacy and safety. O course, this could be on a
case-by-case basis so it would be useful for the
sponsor to cone in to discuss early on the quantity
and quality of exposure-response data that night be
used to support efficacy and safety. We will also
tal k about the potential design of an
exposure-response study that may | ead to supporting
i nformation.

Anot her useful topic to talk about is the

nmodel i ng and si nul ati on et hodol ogy that nmay be
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used to anal yze the exposure-response study and to
generate supporting information.

[Slide]

Anot her topic to talk about at the
end- of - phase- 2A neeti ng woul d be dose adjustment in
speci al populations. Quite often during the NDA
review there are quite intensive negotiations
regardi ng | abeling | anguage, which usually leads to
either a delay of review, NDA review, or in sone
cases |leads to a phase 4 conmitnent. So, we
thought it would be useful, again, to tal k about
the dose adjustnment decision tree early on during
the drug devel opnent process; and also talk about a
required clinical pharmacol ogy study that woul d
support dose adjustnent with special populations;
al so the anal ysis of exposure response and perhaps
al so tal k about an alternative popul ati on PK st udy
design that may replace the traditional intensive
clinical pharmacol ogy study supporting speci al
popul ati ons and drug-drug interactions.

[Slide]

The next topic that we would tal k about is
the design of efficacy and safety studies. The
obj ective here is to focus on the likelihood of

getting the right doses, and al so expl ore sone of
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the "what if" scenarios and to | ook at the study
robust ness and the study power.

We can |l ook at a variety of study design
factors, such as dose range sel ections, inclusion
and exclusion criteria, the inclusion of special
popul ati ons and PK desi gn, sanpling schenme, and so
on and so forth.

We could also talk about an alternative
study desi gn net hodol ogy, such as an adaptive
design, a different titration schene or even a new
study design such as a concentration-control study
design. Definitely, because of the conplexity of
the issue, clinical trial sinulation could be used
to design the efficacy and safety trials.

[ Slide]

Anot her topic we could talk about at an
end- of - phase- 2A neeting is the popul ati on PK/ PD
study design. At this tinme, only about 50 percent
of the full NDAs contain popul ation PK anal ysis,
however, quite frequently the objective of this
anal ysis was not very clear and a |lot of tines the
popul ati on PK studi es were not desi gned
prospectively, which will lead to the result
becom ng non-concl usive. Therefore, it would be

useful, again, to discuss the objective of the
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popul ation PK study early on and prospectively
design a study so that the information can be
useful to support |abeling regarding specia
popul ations as well as drug-drug interactions.

[ Slide]

Anot her inportant topic that we thought
woul d be useful to discuss is the QI study design
QI has beconme a very inportant topic and has
attracted a lot of attention recently because of
several drugs being withdrawn fromthe market due
to the QI prolongation property. As you know, the
issue here is the large variability of circadi an
variation of Q.

There are other issues such as the
basel i ne correction methods, and so on and so
forth. Therefore, it would be hel pful, again, to
di scuss the study design issue early on, perhaps
using clinical trial sinulation to optimze study
design as well. W wll be giving several exanples
|later on today to illustrate howthe clinical tria
simul ati on can be used to design the studies.

[Slide]

So, today we are going to hear many
exanples on topic 1. This norning we will be

hearing three different cases where exposure
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response was used to support dose selection
strategy or to support efficacy and safety. Later
this afternoon we will be hearing two presentations
regarding the use of clinical trial sinmulation to
support PK-QT study design. Wth that, | will turn
it back to Jurgen.

DR VEN TZ: Again, any conments or
questions before we proceed to the case studies?

DR SHEK: | have one.

DR VEN TZ: Go ahead.

DR. SHEK: It is ny personal belief and
bel i eve nost of the industry will wel cone any
productive and effective interaction with the
agency during the drug devel opnent process. But
specifically, those ten NDAs that you were | ooking
at in 2002 and 2003, how many of those were
successful the first time and went through, you
know, the first review, and how many of those
failed conpletel y?

DR. LEE: Yes, specifically, we | ooked at
the ten NDAs that either received not approvable or
approvable. So, all those ten NDAs did not get
approved status in the first round.

DR SHEK: None of then?

DR LEE: No.
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DR VENI TZ: Larry?

DR. LESKO | was just going to add on to
the answer Peter gave and say that one of the
i ssues that has been tal ked about is the nunber of
review cycles on NDAs. | believe sone information
was rel eased by the agency that indicated that the
reasons for nmultiple review cycles are nost of the
time safety issues. | don't renmenber the exact
percent. The second reason is issues having to do
with efficacy. The third reason is CMC issues. It
breaks down by percentage in that rank order,
al though, as | say, | can't renenber which is
whi ch.

The question we had was were those
multiple review cycles related to issues revol ving
around dose response, and | don't believe we
answered that question because it was too complex a
question to link to the one issue of dose response.
But it is probably multiple issues--risk-benefit
consi derations, but | think the dose response
i ssues were part of the answer, not the conplete
answer for those nultiple review cycles. But that
is one of the ideas of what we would like to
actually inprove, and naybe it is one of the

metrics that we would like to ook at in the next
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coupl e of years, in those cases where we have these
meetings, has that resulted in approval on the
first cycle or reduction in delays to the second
and third cycl es.

DR. VENI TZ: Any other coments?

[ No response]

Then, let ne introduce Dr. Parekh. Anmeeta
is going to give us the first case that illustrates

the potential use of end-of-phase-2A neetings.

Aneet a?
Case Studies
DR PAREKH. Good norni ng, everyone.
Before | start, | was noting sone of the words that

Larry had in his presentation. He was talking

about noving on with the new technol ogies. Just on

a lighter note, | was working on mny slides over the
weekend, trying to do sone spell checks. It was
interesting, | had sonme British spellings and sone

Anmeri can spellings, especially on a word |ike

"l earnt" versus "learned." So, | was updating ny
slides and in ny panic | brought in this with the
updated slides; this with the updated slides; and
just as a security measure | sent nyself an e-nmai
with an attachment. Well, | also just took this

because ny kids said, "nbm you never know. "
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1 cane in today. The network wasn't working so
2 didn't have ny e-mail. | asked John to use this to
3 update the conmputer. It didn't accept this. For

4 some reason it didn't read this.

5 [ Laught er]

6 So, you never know what m ght work. So,
7 had four and one of them worked, and it was the

8 good old well-tested in the clinical trials

9 technol ogy that did work.

10 [Slide]

11 Larry has already laid out the CDER pl an
12 for the end-of - phase-2A neetings, the focus being

13 on a nore rational approach to utilizing the

14 exposure-response data early on during the drug

15 devel opnment, mainly for dose sel ection, dose

16 optinization and dosage adjustnent. As Larry al so
17 mentioned, it is an interdisciplinary kind of role
18 that these aspects play. It is not just solely

19 clinical pharmacology and us. So, it is the

20 clinical division and at tines even the chenistry

21 reviewers and pharm tox. as well.

22 What we are going to do is we are going to

23 share some case studies with you and, as Lar
24 menti oned, these case studies are not really

25 derived fromthe end-of - phase-2A neeti ngs
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are derived fromthe NDA exanples, for instance,
but the principles and the concepts that will be
di scussed in these cases do | end thensel ves very
appropriately to the general franework of the
end- of - phase- 2A.

[ Slide]

Larry tal ked about the different
m | est ones during drug devel opnent, the different
time franmes when we neet with the sponsors to
di scuss the drug devel opnent, with sonme conpanies
more, with some a little less. It depends on the
conpanies. So, | amnot going to really enphasize
the milestones, the different stages of drug
devel opment too nuch.

I do want to dwell nore on the different
stages of the review cycle, the clinical,
phar macol ogy and bi opharmaceutics role in the
revi ew process, and what the reviewers go through
and what questions they ask while they are
reviewing the NDA, with special attention to the
exposur e-response rel ati onshi ps and, of course,
exemplified with some case studies and the bottom
line upshot of all this, the | essons |earned.

[ Slide]

Again, | amnot going to focus on all the
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di fferent stages of drug devel opnent but certainly
I would like to draw your attention to this region,
here, which is basically the NDA subm ssion. The
NDA cones in; we | ook at the NDA, the volunes, and
we | ook for the primary conponents in order to file
the NDA. If those primary conponents are in the
packages that are subnmitted, the NDA gets filed
Interestingly, at that point how well exposure
response is evaluated is not one of the conponents.
So, there are certain things that we | ook for that
makes the NDA reviewable. We file the NDA and then
it goes through the review cycle.

[Slide]

Basically, what | amgoing to focus on is
inthis circle, here, which is that the NDA gets
filed. It is the review and the focus is what goes
into the label if it does get approved. O course,
the bottomline is the action letter that goes back
to the sponsor.

[Slide]

So, | would like to zoomin on this
circle, here, the stages of clinical pharmacol ogy
and bi opharmaceutics review. | classified the
three conponents into three broad conponents, the

NDA review, the | abel and the action letter
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[Slide]

Let's zoomin on the NDA review. Wat are
the different stages of the clinical pharmacol ogy
and bi opharmaceutics reviewer in the trenches?
What do they go through? | would acknow edge Dr.
Shei ner and one of his earlier papers, the
questi on- based approach. W do take the
quest i on- based approach to reviewi ng an NDA

Basi cally, when a reviewer starts the
review of an NDA we do ask a series of very |logica
questions and each one is inter-linked with the
other, the bottomline being the big unbrella that
Larry tal ked about earlier, risk assessnent, risk
managenent, dosage adj ustnent.

How was t he dose deternmined? Again, it is
interdisciplinary; it is not just us. W do work
with the clinical divisions on this. Wen you
think of how the dose was determ ned, an obvious
question that conmes up is what is the
exposur e-response rel ati onshi p? Wen you think of
exposure-response relationship, you think in terns
of both safety and efficacy. Wat is the nost
useful thing for determ ning or getting a good fee
for the exposure-response relationship? It is

choosing the right dose, the right starting dose in
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relation to where the profile is in ternms of its
efficacy as well as its safety. So, you can't be
just blind-sided by let's get the biggest dose on
the market so it beats placebo.

There is another downside to it, and that
is what are you going to | ose; what are you going
to give up should there be several doses so that
the patients have the option of titrating up or
down? O, another aspect, which is really
primarily clinical pharnacol ogy, is
extrinsic/intrinsic factors. How will the exposure
change? WII the patients have an option for a
| ower dose given that, for exanple, they would be
taking the drug with, say, ketoconazole and it is a
3A4 substrate? So, things such as that is where we
cone in.

[ Slide]

Once you have a good feel for the
exposure-response rel ationship, both in terns of
safety as well as efficacy, the obvious questions
asked are what are the effects of extrinsic factors
and what are the effects of intrinsic factors?

When we consider these things, it is interesting
how to us, | guess because of the nunber of NDAs we

see, things just are so obvious or naybe the
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hi ndsi ght is 20/20. You would think a 3A4
substrate is an inportant inhibitor study. There
are tinmes when the right studies are not done, and
that is an exanple where we can help during the
early devel opment so that time is not |ost towards
the end. |Is the dose of the inportant inhibitor
done right, or will that becone one of the
approvabl e i ssues? So, things such as those could
be useful and discussed during the end-of - phase-2A
meeting. O course, if you have the option for
dose adjustnents, is the pharmacokinetic dose
proportional? That is where we conme in as well

Peter nentioned earlier cardiac
repol ari zation. The QI effects have taken on a big
role in current drug devel opnent. These are al so
safety issues but we also | ook at the exposure
response with the effects on the QI prol ongation,
and there is going to be an extensive discussion of
that later on

Agai n, designing the QI studies--we have a
concept paper out. It talks about phase 1 studies
but even in those are phase 1 studies there are
certain aspects that you need to understand very
wel | about a drug. For exanple, the concept paper

tal ks about super-therapeutic doses. Wat are the
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rel evant super-therapeutic doses? You need to know
alittle bit nore about the drug. Again, that is
where we can help out. For exanple, is a positive
control used? 1Is a placebo used? Again, there is
going to be nore discussion on that |ater.

Sone bi opharnmaceutics aspects becone
i nportant towards the end of the review cycle as
well. Are appropriate bioequival ence studies done?
Mnor as it may seem sonme QI aspects can becone,
you know, a little bit of a discussion issue
towards the end, as well as the stability out
there, things such as that.

[Slide]

Once we get all this informati on and we
understand all this, the relevant information from
all these studies and our understanding goes into
the label. W try and make all this information in
the |l abel in a decipherable formas much as
possible. Basically, what it translates to is what
doses shoul d be approved? What is the optima
dosing reginen? What is the right patient
popul ati on? What are the extrinsic and intrinsic
vari abl es for which dosage adjustnment m ght be
needed? Again, it is interdisciplinary and it is

not just clinical pharmacol ogy and
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bi opharmaceutics. W do interact with the other
di sciplines extensively to nake these deci sions at
t he end.

Again, if intrinsic/extrinsic factors
result in exposure changes, how critical are these?
Should it go into precautions, warnings or even
contraindications for that matter? Again, another
aspect that has become quite inportant lately is
the QI prolongation, the cardiac el ectrophysiol ogy
of the drug.

The bottomline for all this is the action
letter and it could be approval. |If everything
falls in place you could wite a very good | abel
It could be approval with some phase 4 if the phase
4 could add value to the | abel, and the exanpl es
that Peter nentioned, approvable or
non- approval --that could be very comon as wel |,
depending on what is missing fromthe whol e
pi cture.

[SlIide]

I will discuss a couple of case studies.
Basically they make slight subtle different points,
optim zi ng dose and dosi ng regi men, case A. Case
B, selection and dose adjustnent.

[Slide]

file://IC|/Daily/1117phar.txt (54 of 318) [12/5/03 2:02:00 PM]

54



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Starting with drug A it is an injection
formulation. Interestingly, the dose finding was
done by the sponsor. A very nice dose-finding
study was conducted. However, it was done on a
short-term period, and that was fine. It was done
on, say, X days. The efficacy was eval uated over
3X days, and this nmay be very common. You don't do
three-year dose-finding studies. You do some
short-term dose-finding studies and then you go
into the clinical trial

Interestingly in this case, the dose
finding that was done over an X period of tinme was
done with a dosing reginmen that was nore frequent
than the 3X time. You would think, you know, it
woul d be okay dependi ng on where you are on the
exposure response with respect to efficacy. |If you
are way up, you know, a little change in
concentration shouldn't make a difference.

However, if you are not, then you need to very
careful ly eval uate what doses you are studying in
this whole long-term period, and the observation
was | oss of efficacy over tine.

[Slide]

We di d have sone exposure-response data.

As this profile shows for drug A the
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concentrations that woul d provide, say, 90 percent
of the patients with efficacy was about 10.
Interestingly, 10 was about the concentration that
was targeted and it was studied in the phase 2
dose-findi ng study.

So, if you look at the profile here and if
the doses were here you would think that if the
frequency of the dosing is not the sane as the
dose-finding study then, you know, even if it drops
fromhere to here it wouldn't really | ose too nuch.
However, you are at the threshold of efficacy here.
If you are targeting 90 percent of the patients
with efficacy, you don't really have nuch roomto
slide. Basically, that is what was observed.

[Slide]

Here are a little nore specifics on drug
A.  The dosing was on day 1, day 15, day 29 and
then nonthly thereafter. So, if the dose finding
was done in this region, here, you would think that
ef fi cacy was achi eved nmainly because of the nore
frequent administration here. But as tine
progressed there was | oss of efficacy and, as you
can see, there were patients that were goi ng bel ow
the 10 targeted exposure. The reason you would

thi nk agai n hindsight is 20/20, you would think
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they could have done sonme simulations. But, you
know, it is easier said than done | guess at the
end of the NDA cycle.

[Slide]

Here is another example where we think we
coul d have maybe hel ped out with sone sinulations
and sone deci sion-making. Wen we | ooked cl oser at
the concentration distribution and if you just
focus on the four boxes, right here is the
concentration distribution at day 29. This is
month 2. This is nmonth 4 and this is nonth 6. If
you |l ook at this X axis with 10 as the target
concentration, you can see that all these patients
at month 1 were above those concentrations so
obvi ously efficacy was achi eved and 90 percent or
nmore of the patients did achieve efficacy.

However, as time progressed there were severa
patients who | ost efficacy.

[Slide]

Si mul ati ons suggested hi gher or nore
frequent doses could achieve and nmmintain
t herapeutic drug concentrati ons based on the
exposure-response rel ationships. O course, you do
want to factor in the side effects. So, of course,

factoring that in, higher doses or nore frequent
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doses coul d have hel ped. So, need for appropriate
dose and dosing regi men sel ection could be where we
coul d have contributed early on in the drug

devel opnent.

[Slide]

Moving on to drug B, | do want to add that
drug B is not a particular drug. Wat | have done
here is | have taken several issues fromnore than
one drug. | have conbined it into this supposed
drug B just to make the point. So, it is a new
drug. The critical issues related to exposure
response, in this case dose sel ection and dose
adj ustnent due to intrinsic and extrinsic factors.

[Slide]

This is the dose-response rel ationship
that is available to us based on phase 2/ phase 3
data. Wen you look at this profile you would be
tenpted to go over the highest possible dose, which
is maybe 200. So, the tenptation to pursue the
hi ghest possi bl e dose has to be bal anced off with
what you are giving up. |If you are going from 100
to 200 you are not really gaining that nmuch in
terns of efficacy, but what are you | osing? Even
if you go down to 50, going from50 to 100 you are

gaining a little bit but at what cost? | would
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even go down further. How about this? This may be
better than placebo. It is not as good as 50.

But, you know, sone patients may benefit fromthat
and naybe we need to consider sone
extrinsic/intrinsic factors where even these
strengths here could be approvabl e.

So, looking at all this in and of itself
is not sufficient. Again, as | nmentioned earlier,
in choosing the doses it is very useful to know the
shape. Here you have the shape of the efficacy
curve, but you al so need to know the | ocation of
this curve in relation to the adverse events.

Here is the adverse event profile for
di fferent adverse events, several studies, phase
2/ phase 3. As you can see, for up to 50 you don't
see nuch difference in terns of adverse events
compared to placebo, but as you go higher you do
see an increase in adverse events. How do you
bal ance this off? Thinking in terms of the utility
function--we don't have that yet but thinking in
terns of the utility function, you wonder how
severe are these adverse events. Wuld it be
reasonabl e even to approve this dose? Again, it
depends on the utility function or the severity in

ternms of risk-benefit analysis.
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So, again, going from100 to 200 you do
need to factor all this in. It may be prudent to
cover |ower doses just so that the patients have
options. So, there were dose-rel ated adverse
events. What if, in this day and age, it is
dose-related QT effects? Again, bringing in the
utility function, how critical is this 200 dose?
VWhat if it is dose-related QI events? Should it
even be approved, the 200 ng dose? So, all these
aspects were considered in drug B

At this point, when you have a good fee
for the exposure response for efficacy as well as
safety, the next obvious question that we asked is
what is the effect of extrinsic/intrinsic factors?
If there are changes in exposures, big changes in
exposures, don't you think there should be nore
than one strength available to the patients so that
patients can start at, say, 25 ng, right here, and
have the option of taking it with, say,
ket oconazole if it is a 3A4 substrate so that the
exposure does give you sone roomfor safety as well
as efficacy?

[Slide]

Then you target an exposure profile. That

is the exposure profile; you want to keep a bal ance
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of safety and efficacy. You see what happens with
intrinsic factors. In this case, say for hepatic

i npaired patients, the exposure went up. You can

have a | ower dose in these hepatic patients.

It could be something worse in an
intrinsic scenario and in that case you may want to
consider a much | ower dose, and is that strength
available with stability data? | mean, should that
cone at the end or should that be thought through
early on because you don't want a snall thing |ike
that to be a show stopper. |In this case, for
i nstance, you want to consider not maybe just
| owering of a dose but even the dosing interval
So, things such as this did | ead to dose adj ustnent
for drug B.

[Slide]

In conclusion for drug B
exposur e-response anal ysis suggested that nore than
one dose shoul d be considered for optinal bal ance
bet ween safety and efficacy. Based on the changes
in exposure due to these factors, dosage adjustnent
was recommended in the |abel. And, considering
these outcones early in drug devel opnment can help
pl an appropriate clin. pharm studies, say for

exanpl e, the drug-drug interaction studies. W
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often go back and say, well, you have done the
study with 200 nmg ket oconazol e; you should do it
with 40 ng ketoconazol e.

[Slide]

So, things such as that are mnor but they
can becone inportant issues with respect to safety
and | abeling at the end. Based on experience for
changes due to extrinsic and intrinsic factors,
sponsors nay consi der additional strengths for
mar keti ng and have appropriate work done for these
| ower strengths.

[Slide]

The concluding slide is basically that
exposure-response information is at the heart of
determ nation of the optimal drug with respect to
good safety and efficacy, and the cases have
exenplified that. In conclusion, it is imnportant
that carefully and tinely consideration be given to
these assessnents, and that enphasis be laid on
exposur e-response analysis for both safety and
efficacy and also extrinsic/intrinsic factors.
Thanks.

DR. VENI TZ: Thank you, Ameeta. Any
specific questions?

DR JUSKG Dr. Parekh, | wasn't clear
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for drug A were you showing us the results of a
phase 2A study? It seened like there was a | arge
nunber of patients. Are you saying that the
manuf acturer did not recognize this drop in
concentrations and did not deal with it
appropriatel y?

DR PAREKH  Again goi ng back, we don't
have any cases wi th end-of - phase- 2A type of
setting. Wat | presented in those two cases is
based on phase 2B and phase 3 data where there was
avail abl e to us sonme exposure-response information
Based on that, if at |east phase 2 data could be
eval uated early on nmaybe a better assessnent could
be made on dose selection, dose titration or dosing
regi nens for exanple. But the two exanples that |
gave are definitely not phase 2A because we haven't
really inplenented phase 2A yet. But certainly
end- of - phase-2B is where we can get sone of the
data. So, there were good dose-finding studies
done but the exposure response was not eval uated as
well as we think so it could have hel ped the
sponsor as well as us.

DR. LESKO Bill, I think that point is
actual ly rel evant because one of the things we are

trying to look at fromthe NDAis to sort of
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sequentially go back and take information from what
we know and see if our analysis of earlier data
woul d have led to different conclusions than the
sponsor actually did. Because one of the realities
of end-of - phase-2A is, yes, you are going to have
relatively small studies conpared to phase 3 and
whet her that information, depending on a
case-by-case, is going to be enough to do effective
anal yses of dose response to go forward with or not
depends.

We won't always have the extent of
informati on that Aneeta presented fromthat
particul ar NDA, but our experience in going back
and saying let's not | ook at the phase 3 data;
let's | ook at what we knew -you know, try to mrror
a real exanple, still seens to show that we woul d
come up with some val uabl e anal yses and naybe
different recomendations. But that is sonething
we have to learn and get through

DR. VENI TZ: Any further questions?

[ No response]

Thanks again, Ameeta. Qur next speaker is
Hae- Young Ahn. She is going to tal k about anot her
exanple involving a drug that was recently

revi ewed.
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DR AHN. H . This is Hae-Young Ahn.

[Slide]

I will discuss two studies with
rosuvastatin. Since rosuvastatin is approved
don't have to blind the drug name. At this nmonent
I would like to discuss the role of
exposure-response eval uation in drug devel opnent
and regul atory deci si ons using rosuvastati n.

[SIide]

The background of rosuvastatin--it is a
synthetic lipid-lowering agent. Its nmechanism of
action is conpetitive inhibition of HVG CoA

reductase. |Its pharnacokinetics is as follows:

Its absolute bioavailability is about 20 percent in

t he Caucasi an popul ation, and food decreases Cmax
about 20 percent, however, it does not alter the
exposure of AUC. It is not netabolized
extensively. However, 10 percent of a

radi o-1 abel ed dose is recovered as a netabolite.

maj or nmetabolite is formed by 2C9. Rosuvastatin is

primarily excreted in the feces and the elimnation

hal f-life is 19 hours.
[ Slide]
Japanese and Chi nese ancestry have

two-fold AUC that of the Caucasi an popul ati on;
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patients with severe renal inpairnment have
three-fold higher conpared to heal thy vol unt eers.
And, there were significant drug-drug interactions.
Cycl osporine increased the levels of rosuvastatin
about seven-fold. Genfibrozil increased exposure
about two-fold.

[Slide]

The original NDA was submitted in June,
2001. The sponsor proposed doses of 10 ng, 20 nyg,
40 ng and 80 ng. |In May, 2002 an approvable letter
was i ssued to the conpany by the agency. In the
letter it was stated that 80 ng was not approvable
because of little added benefit over the 40 ny.
This smal|l added benefit does not outweigh the risk
of nmyopathy and renal concerns. The letter stated
that 10 ng, 20 ng and 40 ng are approvabl e.

Bef ore the NDA was approved the foll ow ng
i ssues shoul d be addressed by the sponsor: The
first was additional safety data on 20 ng and 40 ng
because the number of patients in clinical trials
were not adequate to provide assurance of the
safety of either 20 ng or 40 ng. And, the conpany
had to address the renal issues because safety
monitoring in clinical trials was not adequate to

determine the nature of the renal toxicity.
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Finally, the agency believed the clinical data was
not adequate to assess optimal dosing. After the
sponsor addressed the above issues adequately, in
August of 2003 the approval letter was issued to
the conpany. At this tine we approved 5 to 40 nuy.

[Slide]

How coul d exposure response or PK/ PD
nmodel i ng gui de optimal dosing for rosuvastatin?

[Slide]

This slide shows the LDL chol estero
percent change from baseline. This data is from
two clinical trials. This slide clearly shows that
lipid lowering is dose related from1l ng to 80 ngy
even though the conpany proposed 10 ng to 80 nuy.

[Slide]

This slide clearly shows | ower than 10 ng
and 1 ng to 5 ng, can have significant LDL | owering
effect. For exanple, 1 ng has 33 percent LDL
reduction; 5 ng has 43 percent LDL reduction. The
titration from40 ng to 80 ng does not provide any
addi tional significant benefit. However, the 80 ngy
dose provides a nean of 2-4 percent of LDL
reduction conpared to 40 ng. However, the range of
responses was very simlar to that of 40 ng. So,

at this nonent | would like to draw your attention
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to the | ower dose than 10 ny.

[Slide]

The O fice of dinical Pharnmacol ogy and
Bi ophar maceutics did PK/ PD nodeling. The first
columm is dose. The second and third col um
represent observed percent LDL reduction. The
fourth colum is the nean predicted percent in the
reduction at week 6. The last colum represents
the m ni mum percent LDL reduction in 85 percent of
t he popul ati ons.

Let's I ook at the fourth colum. CQur
prediction shows that 1 ng has a nean of 38 percent
of LDL reduction; 5 ng can provide 44 percent of
LDL reduction; 10 ng can provide 50 percent of LDL
reducti on.

Let's ook at the last colum, a 1 ng dose
can provide a m nimum 26 percent of LDL reduction
in 85 percent of the in patients; 5 ng can provide
a mni mum of 32 percent of LDL reduction in 85
percent of the popul ation.

[Slide]

Since there are so nany nodeling people, |
would like to satisfy you nodeling experts. This
is LDL percent changes from1l ng up to 80 ng. The

effi cacy endpoint was after 6 weeks. This is our
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predictive simul ated data and these are observed
data fromtwo clinical trials. A mean observed in
clinical trial data overlaps with the predicted
value. So, we can say our nodel was validated

[ Slide]

At this moment | would like to switch
gears fromefficacy to safety. This slide shows
the incidence of CK elevations in nyopathy seen in
steady treatnment. This sumuarizes the data from
the clinical trial devel opnent from Baycol
rosuvastatin and all currently marketed statins.

For rosuvastatin, a 40 ng dose |owers the incidence
of CK el evation and myopathy within the range of

all currently nmarketed approved statins. However,
there is a clear break at 80 ng. The two hi ghest
does of Baycol, 0.4 ng and 0.8 ng and rosuvastatin
80 nmg have simlar frequency of CK el evations of
10-fold of the upper limt or normal and myopat hy
as you can conpare these two val ues

[ Slide]

This slide shows the percent of patients
with proteinuria. Patients include all controlled
and uncontrolled clinical trials at any visit. The
nunbers in parentheses are total nunber of patients

in each group. There is a clear percent of
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patients with proteinuria that is kind of dose
related. There is a clear visible transition at 80
nmg where the peak incidence of proteinuria was 17
percent. However, for all the marketed statins the
frequency of proteinuria was |ess than 4 percent.
It is very simlar to the incidence of placebo.
Actually, there is a typo; it is supposed to be
dietary run-in.

[ Slide]

This slide shows the steady state
concentration of rosuvastatin. The rosuvastatin
pl asma concentration conpared 20 ng, 40 ng and 80
nmg, and these val ues were conpared with patients
who devel oped rhabdomyolisis or renal toxicity.
There is no overlap in exposure anong the patients
who received 20 ng and patients with rena
toxicities. There is a small overlap in exposure
anong patients taking 40 ng and patients who
devel oped toxicities. However, one-third of the
patients who took 80 nmg had steady state plasma
concentrations of 15 ng/m, which is the | owest
concentration associated with toxicities.
Therefore, this slide suggests that any drug-drug
i nteractions or using special popul ati ons may

result in steady state plasma concentration
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el evations simlar to patients with these rhabdo.
cases.

[ Slide]

This slide shows the percent change in AUC
and Cmax. Cycl osporine can increase exposure
seven-fold. Genfibrozil increases exposure
two-fold. Japanese ancestry increases the exposure
two-fold. Patients with severe rena
i nsufficiency, creatinine clearance |ess than 30,
had i ncreased exposure about three-fold. These
i ncreases are considered clinically significant and
require special consideration in dosing for
patients.

[ Slide]

Therefore, the highlighted statenent was
incorporated in the | abel under precautions:

Phar macoki netic studi es show 2-fold elevation in
medi an exposure in Japanese subjects residing in
Japan and in Chinese subjects residing in Singapore
compared wi th Caucasians residing in North American
and Europe. These increases should be considered
for dosing decisions for Japanese and Chi nese
ancestry.

[ Slide]

Based on the finding of PK/PD nodeling,
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the followi ng dose and adm ni stration was
incorporated in the | abel. For
hyper chol esterol em a and m xed dysli pi dem a,
baseline LDL | ower than 190, the dose range is 5 ngy
to 40 ng once daily. Therapy should be
i ndi vidual i zed and the usual recomended starting
dose is 10 ng. However, 5 ng should be considered
for | ess aggressive LDL reduction or predisposing
factors for myopathy

[Slide]

In dosage and adnministration in the
| abeling there is a limt for the maxi mal doses as
well. Patients who are taking cycl osporine shoul d
not exceed 5 ng. They should use only 5 nu.
Patients who are taking genfibrozil should not
exceed a dose of 10 ng. Patients with severe rena
i mpai rment shoul d not exceed 10 ng of rosuvastatin.

[Slide]

So, my conclusion is that although the
sponsor has proposed doses of 10 nmg, 20 ny, 40 ng
and 80 ng, the exposure-response rel ationship
clearly shows doses |ower than 10 ng have a
potential clinical utility. There is apparent
rel ati onshi p between adverse events and pl asma

concentration of the drug. Therefore, findings
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from exposure-response rel ationships were used in
recomendati ons for dosing adjustnents. That is ny
| ast slide. Thank you.

DR VEN TZ: Thank you, Hae-Young. Any
comrents or questions by the commttee? Let ne
make a coment, Hae-Young. |If | |look at your slide
nunber nine that discusses the dose response of
safety and the topic that we are discussing is
end- of - phase- 2A, here you are naking the argunent
that the incidence of CK el evations goes up quite
dramatically after a dose of 80 ng. | don't think
that at a 2A stage you woul d have had that
information. This is really |ooking at, | am
assuni ng, a phase 2 and phase 3 | arge database in
order for you to be able to assess 0.2 and 1.0
percent preval ence of adverse events. |s that
true?

DR AHN: | agree with you because in all
the phase 2A trials there is no way you can find CK
el evati on.

DR VENITZ: So, as far as the
end- of - phase- 2A neeting is concerned, the only
contribution that exposure response woul d have been
able to contribute is not based on safety because

you woul dn't have that safety information at that
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st age.

DR. AHN: But there is a possibility you
can neasure proteinuria in phase 2A

DR VEN TZ: Ckay, and that is at a high
i nci dence so you would have a better chance of
seeing it in 2A.  Any other comments? Go ahead.

DR SHEINER: Let ne foll owup on that.
You have to know the chem stry, the pharnacol ogy
and all that, but if you believe that these drugs
are sufficiently simlar both in nechani sns of
efficacy and toxicity, then you could argue from
the Baycol experience. So, the question is at what
poi nt what are there prudent plans for going beyond
phase 2A. You could argue that maybe at that point
intime--1 don't know where it occurred in the
history of this whole story, but it could be argued
that it m ght have been prudent at that point to
have a plan to | ook very closely at the higher
dose, both fromthe point of view of whether it
added enough efficacy to be worth it and whether it
was toxic. Again, you know, hindsight always gets
you there, but you could say that even without
toxicity data on the drug itself you m ght have
been abl e to say sonet hing.

DR AHN: Actually, this is true because

file://IC|/Daily/1117phar.txt (74 of 318) [12/5/03 2:02:01 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

safety is one issue but efficacy is the other

i ssue. Wen the conpany titrated from40 to 80 the
LDL reduction was very small. So, that is one

i ssue we can discuss.

DR. VENI TZ: Thank you again. Qur |ast
case study is going to be presented by Joga
Gobbur u.

DR GOBBURU. Dr. Venitz and Committee,
will be presenting a case study, fromthe sane team
you have heard so far, on the utility of an
i nteracti on between the agency and the sponsor
early on. The drug | amgoing to present is a very
sinmple, straightforward application of quantitative
exposur e-response analysis. So, the key point |
would Iike to highlight here is not the nmethodol ogy
of quantitative analysis but, rather, the
progressive thinking of the agency.

[Slide]

The drug | will be presenting is being
devel oped for synptomatic benefit and is proposed
to be given once a day. dinically it is desired
to have a sustained effect over the dosing
interval, that is, 24 hours. However, the drug
exhibits a short half-life of two hours. |In this

setting, typically we don't see |large clinica
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trials. They are relatively smaller clinica
trials. However, for this particular drug the
sponsor elected a relatively large pivotal trial
and the data fromthose trials were anal yzed both
usi ng conventional and experinmental analysis
net hods.

[Slide]

Let's briefly I ook at the devel opnent
diary. As with any other conpound, we had
preclinical data and data fromearly drug
devel opnment, including proof of concept and the
PK/PD information in a small target popul ation.

So, there were data available in a target

popul ation for the intended effect. Then it was
followed by the pivotal trials and regul atory
review, which is about ten nonths.

[Slide]

Let's focus on the regulatory revi ew box.
The conventional analysis clearly showed that the
treatment beat placebo. The endpoint was change in
synptomatic benefit at trough versus baseline. So,
by conventional means it nmet the primary anal ysis
goal .

As | said earlier, the drug is supposed to

be a once a day drug. However, the nagnitude of
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effect was small to nodest, if at all. Then, given
the fact that the termnal half-life is short, we
don't need any nodeling to conme up with the
gquestion to ask whether this drug is really for
once a day use

[ Slide]

But we do need the quantitative
exposur e-response anal ysis to answer the question
in a very definitive manner by first answering
several of these questions, such as is the effect
in the first place, indeed, concentration-dependent
at all? If so, is the concentration-response
rel ati onship, indeed, linear or nonlinear? Wy
that is inmportant we will see in the next slide.
If there is a delay between PK and PD, even though
the drug is elimnated with a ternminal half-life of
two hours, the pharmacodynanic effect could persist
for a long period of time. |Is there tolerance that
i s being devel oped over the dosing interval ?
Importantly, is the toxicity concentration
dependent? |If we have answers for all of these,
then we nmay have a proposal--if it is not a once a
day drug, what are the alternatives?

[ Slide]

Let's get the toxicity out of the way. It

file://IC|/Daily/1117phar.txt (77 of 318) [12/5/03 2:02:01 PM]

77



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

78
was concentration dependent so there are
limtations on how high you can push the
concentrations beyond what was studied in the drug
devel opment. There was a cl ear
concentration-effect relationship and no
consi derabl e del ay that was estinable between the
PK and PD. The relationship was nonlinear, neaning
that havi ng hi gher concentrations would prolong the
duration of the effect but will not increase the
magni tude of the effect. However, we have to keep
in mnd that the toxicity was al so concentration
dependent. So, we can't push the dose any hi gher

Now, all this analysis, for all practica
pur poses, was conducted by the agency and, unlike
the conventional analysis which used the trough
measur enents only, the whole tinme course of the
effect at several l|ocations was used to utilize the
data collected in these studies to the maxi mm

Wth respect to the tine course of
concentrations, the graph you see on the right-hand
side has time on the X axis and concentrations on
the Y axis, and there is a dotted line with the
EC50 estimated using quantitative analysis. As you
see, at about six hours, if we agree that EC50 is a

reasonabl e target for the concentrations, the
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concentrations go below this level and then

sustai ned effect is conprom sed. Cearly, nodeling
denonstrated by answering all the questions posed
in the previous slide, the inadequacy of once a day
dosing, at least for this formulation.

[ Slide]

Quantitative analysis has offered us nore,
meani ng what could be done to ascertain sustained
effect over the 24 hours. So, you know, it is a
very sinple simulation. Wat if you give the sane
dose twice a day or thrice a day or, nore
practically, this graph shows that sustained
rel ease may be a reasonable alternative rather than
this i nredi ate-rel ease fornul ati on. So, as you
see, with the nore frequent adnministration the
concentrations |ie above the EC50 val ue and they
assure that the effect is sustained over the dosing
i nterval .

[Slide]

Regardi ng the drug devel opnent diary, we
identified that the lack of sustained effect across
24 hours was a deficiency and that the sponsor
needs to address that in the next round. W also
encouraged themto consider nore rational dosing

strategies. Wat that has led to is an extension
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of the drug devel opnent program by probably three
to five years. These are nunbers that | have made
up; | have no clue as to howlong it usually takes
to redevelop the formulation and recruit patients
and conduct the pivotal trials. But the review
wi || again be about six nonths.

[Slide]

To summari ze the exposure-response
anal ysis, first use of all the data collected in
the trial, supportive evidence for effec in
addition to the conventional analysis. It also
aided in judging that once a day dosing is probably
suboptimal and elimnated the need for testing
hi gher doses but, rather, to focus on alternative
dosi ng strategi es because concentrati on-dependent
toxicity was observed, as well as that the
ef fecti veness was clearly plateau-ing at higher
concentrations.

[Slide]

Now, if we rewi nd the devel opnent process
and now i ntroduce an end- of - phase- 2A neeti ng
sonewhere before the total trials are undertaken,
since we had the data fromthe proof of concept and
target population earlier on, it would have been

possible for us to first comment on the agency's
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vi ew about the sustained effect over the dosing
i nterval .

So, early studies, as | said, were
avail able. O course, the availability of the
data--1 mean, we have to nake sure that they are
properly anal yzed before such a neeting takes
place. It would have been very clearly
communi cated to the sponsor that the optimal dosing
is expected not just a p value of 0.05. That would
have | ed to a considerably smaller study because we
don't need to power the study to get the
significant p value and need a large trial
Utimately, probably it would have led to inproving
the efficiency of drug devel opnment.

[Slide]

Finally, I would |ike to acknow edge our
team DPE-1, Division of Pharnmaceutical Eval uation
Phar maconetrics Team and the director and deputy
director and their support. Thanks.

DR. VENI TZ: Thank you, Joga. Any
questions for Dr. Gobburu?

DR. SHEINER: | don't question that had
they been able to | ook at what they were aimng for
they coul d have designed a better phase 3 to get

that, but | do question, and you admitted that you
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made up the nunbers--do you think the FDA woul d
have demanded new pivotal studies at the end? |
mean, wouldn't it have been enough to show that the
new preparation sustained concentrations over that
period of tine? |If you had a good
concentration-response rel ati onship, wouldn't that
be enough to argue that that was adequate?

DR. GOBBURU. Well, | amgoing to be very
careful in answering this. | thought that sonebody
fromthe conpany woul d ask ne this question. The
very fact that there is a concentration-dependent
effect and that we are testing new regi nens, there
is some uncertainty if you take the
interdisciplinary teaminto account.

I have two points to say about that. One
is are we in that way supporting poor drug
devel opment, meaning it is okay to do a subopti nmal
study and then, since you have a nodel, we don't
need to do anything el se? The second point is that
there is definitely a mxture of enpiricists and
nodel ers, Bayesian nodelers here. So, there has to
be enpirical evidence. |If | have to take a stand
woul d say that there has to be enpirical evidence
with the other dosing reginen.

DR. SHEINER: | think we can discuss this
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83
nmore later but it certainly is true, for exanple,
that drugs have been approved at doses that have
never been tested.

DR GOBBURU. That is true.

DR. SHEINER: Especially if you bracket it
with one bel ow and one above and it really | ooks
like the one in the mddle, which you didn't test,
would really do a better job and you have nice dose
response, toxicity and efficacy. So, it sort of
sounds |ike you are giving and taking at the sane
time and it is really tough. | nean, if you are
saying that science is going to be hel pful here,
then you want to, you know, sort of followthat
t hr ough.

I think the agency has to think about what
its policy is and to what extent it will rely upon
good enpirical evidence that the drug works, good
enpirical evidence of what the concentration
response is and, therefore, extrapolate or
interpolate to a place that says, well, we know
what is going to happen if we do this because we
know what happens if you give nore, if you give
|l ess, and so on. | nean, there has to be roomfor
that. You can't just say that everything has to be

enpirically denonstrated
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DR GOBBURU. |f you are increasing the
frequency of dosing and we have never seen any
safety information about increased dosing, it is
just a black box. W have no clue as to what to
expect. So, | would still stick with ny stand that
we need enpirical evidence.

DR DERENDORF: We don't know what Kkind of
a drug it is and what kind of an indication it is
used for but conceptually you use the EC50 as your
target. Now, EC50 is the concentration where you
have 50 percent of the maxi mumeffect. |t doesn't
tell you anything about where you stand in terns of
therapeutic benefit. Actually, 30 percent
concentrations bel ow the EC50 may still have
consi derabl e therapeutic benefit. So, | am not
sure if that is a given cut-off that you can use.

I think the second part of the question is
you said the dosing reginen is not optimal. Does
that nean that if you have a suboptinal reginen
that you propose that it would be acceptable from
the begi nning? Again, you could have a subopti nal
reginen that is still of great therapeutic benefit.

DR. GOBBURU:. (kay, these questions are
very hard to answer because you are asking ne a

question about what the target effect is. | think
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the meeting here is to really nove fromthe
conventional analysis to bring in nore advanced
technology in order to optimze the therapy. | do
agree to that. But today we do not have--for
exanple, for this indication the target effect that
i s acceptable, nobody gives us that nunber. That
is why when | presented the curve | said if EC50 is
accepted as a reasonabl e target concentration. |If
you want to choose 70 percent or you want to choose
20 percent, that is fine but, still, you | ook at
the effect curve over tine and it is going back to
basel i ne at about six hours. There is no question
about that.

DR. KEARNS: | think that is true but it
is inportant to step back for just a mnute.
mean, certainly the technol ogy and the
nmodel i ng--and all of us can understand when it
drops bel ow sone t hreshol d nunber, but what if it
was a drug and a di sease where the relief of
synmpt ons extended beyond the tinme when the
concentration was bel ow the EC50? Because in that
instance it can be argued that the need to push a
sponsor into another three to five years worth of
study with a new formul ati on and nore pivotal

trials may not be wise. In fact, that would be
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1 contrary to the strategic plan of the agency now,

2 which is to effectively coll apse drug devel opnent

3 So, dragging this in early, Larry, as you

4 nmentioned with using the medical expertise in

5 addition to the kinetic, dynam c nodeling expertise

6 I think is critical because at the end of the day

7 you want to nmake the best decision for the life of

8 the conpound and its devel opment, not necessarily
9 say, well, we have created nobre questions; now we
10 have to nake answers to them

11 DR. GOBBURU:. |f you | ook at question

12 nunber three, if there is a delay between PK and

13 PD, if that is true, we would have found it and we

14 systematically tested for that. So, | am not

15 presenting this exanple saying that we didn't take

16 the time course effect; we did.

17 DR. VENI TZ: Go ahead, Wl fgang.

18 DR SADEE: | think one of the critica
19 questions is whether you really have enough

20 information at the 2A step to decide here is your
21 threshold; here is what you titrate for and that

22 how you go forward in designing the trial and you
23 then come up with a relatively arbitrary sort of

24 threshold, let's say the EC50 or sonething like

25 that. O, in the previous case with the statins
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you base your decisions on LDL chol esterol which is
a very crude nmeasure and, in addition, one that is
not forward |ooking; it doesn't tell you possibly
anyt hi ng about the eventual outcome as to how this
shoul d be used. Personally, if | were to be put on
this particular statin | nmay have started out with
2 ny, depending on what the case is, or 1 ng and
that could have been just as effective.

So, given the conplexity |I amjust
wondering-- you said we want to bring in nore
technol ogy or nore science, that woul d mean nore
information. For instance, in the case of the
statins | would say, all right, let's ook at the
different sizes of LDL and HDL and how that is
affected by the different dosage | evels and get a
little bit nore information on it. Then it may be
worthwhile to cone in early. So, | amjust raising
the question, after hearing the discussion, as to
do we know what to recomrend at that point?

DR. VENITZ: Can | just make a statenent?
Let's just focus on the presentation and we may
have a general discussion after the break. | think
you raise a very inportant question but | would
like that to be discussed after we have done with

the individual cases. So, if you want to respond,
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feel free.

DR. GOBBURU:. Thank you. Dr. Lesko can
comrent nore about this. | don't think the
intention of these neetings is to pin-point exactly
where to go. As long as we have a range of options
the drug devel opnent could be tailored accordingly
to answer those uncertainties. So, in this case,
agree that we didn't know what woul d have happened
if you had given the doses repeatedly over the day.
But we have identified the i nadequacy of this once
a day dosing so that has definitely opened up new
avenues that need to be explored. So, | don't
think we will ever have a precise answer at the end
of phase 2A but at |east we may have a nore precise
direction to go forward

DR SHEK: Just a general question,
wonder whether this exanple is a good exanpl e.
First, looking at the drug devel opnent diary, it
|l ooks like it took ten years to develop it, which
maybe is on the high side. Then if the boxes are
linear there in the diary, it looks like a |ong
period of time, which | would assume is a phase 2
study. If you just think back, | mean sone of
those questions should have been answered. So, |

t hi nk somet hi ng was going on with this project and
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I just wonder whether that is a good or typica
exanpl e.

DR GOBBURU. Well, as | said in ny
presentation, | have no clue about these nunbers.
just nade reference to the nunbers so that we will
have a tine frane and a ratio of the period
that--extra time needed to redevel op the drug when
compared to the original drug devel opment time
period. So, the ten years--1 have no clue how | ong
it took the sponsor to develop it; it could have
been five and a half but relatively there is a 20
percent to 30 percent increase in time, | would
guess, because they had to go back and revisit the
dosing issue. So, it is just a ratio you should be
| ooki ng at.

DR LESKG Yes, | think the three to five
years was just a specul ative estimate, you know,
trying to make the point that whatever anal ysis
occurred at the late stage led to a need to
reformul ate and sone additional trials. Now, what
those trials mght have been is still open to
question. As Dr. Sheiner pointed out, can you use
the exposure-response relationship and treat this
in essence as a therapeutic equival ence situation

and | ook at conparable blood levels froma revised
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formulation, and if there were additional efficacy
dat a needed, what woul d be the size of that study.
So, | think it is an open question there.

I think the point of it though is that
this anal ysis occurred at the end of the game, a
ten-year process when the NDA was submitted. It
wasn't adequate and the data was avail able early
on. So, | think it was trying to represent the
type of information that could be used nore
optimally earlier in drug devel opment. Yes, you
can approve drugs based on doses that are effective
and not necessarily optimal. | think one of the
goals of this strategy is to try to nove from just
effective to something nore optimal, taking into
account the type of issues that we have seen in
this case and the prior ones.

DR. VENI TZ: Any other questions or
comments for Joga's presentation?

[ No response]

Thank you, Joga. W are going to get an
early break. It is now 10:25. W have a 20-m nute
break so let's get together at 10:45. So, the
conmittee reconvenes at 10:45 for the discussions.

[Brief recess]

Committee Di scussion

file://IC|/Daily/1117phar.txt (90 of 318) [12/5/03 2:02:01 PM]

90



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR. VENITZ: To get us started on our
di scussion | would like for Dr. Lesko to review the
three specific questions that you have in your
background nmaterial that he would like to get sone
f eedback on.

DR LESKGO These are the questions that
we wanted to bring before the conmittee. Just to
summari ze this nmorning' s session, what we tried to
present is a framework for thinking about inproving
drug devel opnent through a new initiative that
woul d bring the agency and the conpany together to
di scuss, in specific terns, the dose response and
the rationale for dose sel ection and dose-range
sel ection as the drug devel opment program noves
forward

As a secondary objective, we also see this
as an opportunity to review the overall clinica
phar macol ogy devel opnent plan with respect to what
the drug interactions are, special populations ara,
and any fornulation issues to try to conme to sone
sort of agreenent or dial ogue on what is necessary
in a particul ar case.

So, what we presented today--again, we
recogni ze they weren't the technol ogy underneath

what was presented but each of those cases invol ved
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the usual technol ogy of nobdeling, simulation,
predi ctions and so on. Mdre than the technol ogy,
what we really wanted to get sone reaction to today
was the general plan to nove forward. As |
mentioned in my introductory comrents, this is
really the first time we are discussing this
publicly and the Center would |ike us to develop a
gui dance in this area and nmake it available to
sponsors in the sense that it would lay out the
goal s and background information, and so on

So, what we are |ooking for today in these
questions are your thoughts on the proposal that we
have put before the commttee, the rationale for
it, any ideas you m ght have on how that could be
i mproved, and any obstacles that you would
anticipate fromyour own experience that woul d
limt the success of this program

The second question--we presented sone
exanpl es of analysis and there were sone comments
with each case as it was presented. But,
hopefully, it gave you a flavor for the types of
things that might be discussed at this neeting,
obvi ously dependent on a case-by-case basis.

Then, the third point is that we have been

asked by the Center to devel op sonme neasurenents
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and netrics for nmeasuring the success of this
programin the sense of continuing it and addi ng
nmore resources to it as we nove forward

So, these are really the three broad areas
and certainly any comrents woul d be appreciated, or
anything el se that we haven't thought of in terns
of these three questions.

DR. SHEINER First, let me say that |
think it is a good idea but I amnot exactly sure
why and | think we need to think about that, or at
least | do. So, let me just say that we even
accept--1 nean, there are people who woul d argue
with this but let's accept for the sake of argunent
that there is insufficient use of prior existing
data in the planning of the |ater stages of drug
devel opnment, to put it very broadly, and in
particular with respect to dose or reginen that is
going to be tested in |ater phases. That prior
data consists of, you know, science which generally
peopl e agree i s known; public domain type data,
actual nunbers and data that is out there that you
could incorporate into your anal yses; and then
there is proprietary data, the stuff that the
manuf act urer has been devel oping in the course of

phase 1 and whatever cones before this neeting
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So, let's assune that they are not
adequat el y taking advantage of that, as we see it,
in planning what cones later. The question is what
is the cause? Because you conme up with a renedy in
a sense. Wthout being a little facetious, if the
renedy is a neeting in which you help themfigure
out howto use this data, it means they are not
smart enough to do it thenselves. That is what you
have di agnosed as the cause and | don't think that
is true. | think there are a |ot of very snart
peopl e and obvi ously you do too.

So, what is the reason that the smart
peopl e in the pharnmaceutical industry who are
perfectly capabl e of |ooking at the data when they
change hats and go to work for you or change hats
and go work in acadenics, or whatever, why those
same people in industry are not doing that, and why
could | ooking at these things, the kinds of
exanpl es we saw which are not, you know, rocket
sci ence, why is that useful and why does it | ook
like it would have been useful to do that and why
didn't they do it?

I have thought about this a lot and a | ot
of peopl e have thought about this a lot, and I am

sure there are as many reasons in our mnds as
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there are people in the room So, the question
really is will this particular action, which is
offering help, aid, guidance--will this help to get
over whatever the reason is that they are not doing
it thenmselves? Personally, | think calling
attention to the whole i ssue and nmaki ng a poi nt of
saying it is inportant, inportant to the regulatory
agencies, will be a help because | think there are
institutional reasons why it isn't happening which
woul d, to sone extent, be mitigated by doing that.

Renenber, | made a suggestion here the
last tine or the tinme before where | said, you
know, maybe for a while the FDA could try saying
you have to give us some reasonabl e decision
anal ysi s- based argunent for why we shoul d approve
the dose that you are asking to be approved. Show
us one efficacy endpoint, one toxicity endpoint and
sonme utility function and a conputati on and dat a.
Not that that is required for approval; we are not
changing the rules but we just need one of those
things before--you know, that is part of the
dossi er.

| was addressing the sane issue. | said
|l et's make people think about it and maybe if they

have to think about it they will find that it is
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useful. Here you are not quite making themthink
about it. You are offering themthe opportunity to
think about it with you, and that is a little
gentler and nmaybe it is a good idea. But | do
think we should spend a little while thinking about
whether this is the nost efficient use of your tine
and effort to overcome that probl em which doesn't

|l ook Iike it is because they are too stupid. That
is not the issue. There is sonething el se, sone

ot her reason why it is not happeni ng.

DR. LESKO And it is an excellent
question, and it is one we have asked during the
sort of roll-out of this internally. W talked
about the facts that | had on one of the slides
about the failure rate of clinical trials. That
nunber cones fromthe industry; it doesn't cone
fromus. W don't know actually what the
underlying reasons for those failures are. | don't
think that has been studied in a systematic way.

Sone of the observations that we have are,
for exanple, instances where a single dose is
chosen for phase 3 trials. W have tried to
encourage nore dose-response data from phase 3 and
continue to look at that, and that was the gist of

the quote | had fromDr. Tenple fromhis

file://IC|/Daily/1117phar.txt (96 of 318) [12/5/03 2:02:01 PM]

96



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

presentation at DIA. So, this mght be a way to
tal k about that.

You are right, you did nake a point at one
of our earlier meetings, and this does actually
represent a time at which we mght ask what is the
rationale for this dose and di scuss that
coll aboratively. 1 don't think it is an issue of
peopl e being too dunb to know what to do. | think
it is an issue of a fair amount of uncertainty in
the drug devel opnent process, for a variety of
reasons, and can the agency offer sone experience
that it has fromits NDA review. Mst of our tine
goes to NDA review and, as you know, at that point
intime everything is history. You are basically
| ooki ng at a docunent and picking out deficiencies
or |l ooking at areas where m ssing data m ght occur

So, in ternms of using resources
efficiently, it seens |like the efficient use would
be to nove the resources forward a bit and not sort
of dwell upon--although we have to but not
necessarily dwell nore than we need to dwell on the
short com ngs of an actual submi ssion but try to
i mprove things early on. So, part of it is sharing
perspectives on dose response, which is not

predictable froma scientific standpoint. Wen a
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conpany cones in they don't exactly know how t he
agency is going to react to that assessnment of dose
response and risk-benefit. So, having the
opportunity to talk about that earlier on | think
allows one to be a little bit smarter about the way
to nove forward. But there is uncertainty here.

The alternative ideas for |ooking at the
problem there aren't very specific suggestions
that | can think of. So, we look at this as a
pil ot study; |ook at how it goes; and see where
there are inprovements to be nade

DR KEARNS: Larry, | think you just said
it very much as a cart and a horse issue here.
mean, right now if your shop is brought in at the
point of time of NDA review, with all the new
technology it is easy to see the gaps. Then, as
you go back and interact with the review division
or the sponsor and begin to address ways so those
gaps could be, or should be, or nust be filled,
then that has a definite inpact on the process.

I think there are a couple of key el enents
to doing it early and | support the integration of
clinical pharmacology early in the process. Number
one, when you go into that neeting with the sponsor

not only does it have to be, quote, infornal--we
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know t hose interactions are never interpreted as
informal by a sponsor, but the expectations that

m ght be set out based on the information that is
avai l abl e have to be plastic because we all realize
that in the subsequent process of drug devel opnent
new information is going to cone out that may cause
us to go back and even nake a m d-course correction
or change. So, all the parties at the bar have to
realize and agree with that and abide by it.

The other thing is that what clinical
phar macol ogy does and what the nedi cal people in
the review division do have to be congruent, and it
has to be congruent at the beginning of the process
not brought into some congruence at the end of the
process. | know those are nore political than
practical --well, maybe they are practical conments
but I think it is workable if it is done right.

DR LESKG When we discussed this
internally with the different units of FDA that was
an inportant principle, that this would be a
col l aborative neeting and there has to be
congruence in order to nmake this work.

We have had sone experience with the
informal neeting and | inmagine this neeting would

be simlar to, say, neetings that we have had as
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i nformal neetings on the integration of genetics
into drug developnent. This is an area of sort of
evol ving science as is, in some ways, the analysis
of exposure response and nodel i ng and sinul ati on
evol ving. The neetings have been | think
successful for everyone concerned, but it does have
alittle nore of an acknow edgenent t hat
benefit-risk is a changing thing as you nove
through drug devel opnent. | think the infornmal
nmeeting recogni zes that. The atnosphere is
different in those neetings, as | think it would be
inthis neeting as well.

DR SADEE: | want to reflect a little bit
on what Lew said. The question is what is the
purpose? |If the purpose were to avoid error being
made, that is easily picked up and that may not be
the purpose because, as you said, there are lots of
smart people out there who can |look at this rather
reasonabl y.

But | think what you said that if an early
stage a strategy is being devised to | ook at
dose-response curves, and so on, and dose effect
rel ati onshi ps, and that strategy could be viewed
and ki nd of agreed upon--but that may be dangerous

too because it could lock the agency into
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sonet hing--well, you agreed to this and this is the
way we are going to go forward, and it turns out to
be wong. So, | think a way has to be found to say
that the purpose of the neeting is to just give you
this and, just like you said, to indicate that this
strategy m ght be a good way to finding what the
real relationships are and what one has to | ook at
and do this in a quick way. That woul d nake sense
to me.

DR. LESKO One of the things that
frequently characterizes the other type of meeting,
a formal end-of-phase-2 neeting are specific
di scussi ons of study design, endpoints, statistics
and so on, and | can inmagine a neeting of the type
we are tal king about that would actually not
necessarily be question based. It could be
di scussi on based or exploratory based or
i nformati onal based where people m ght discuss
alternatives based on analysis of data, and there
m ght be a sharing of experience between a sponsor
and ourselves. |t would be informal in that
context. | think that would probably be
characteristic of this meeting.

DR VENITZ: First of all, | amvery nuch

in favor of having this at |east as an option and
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as sonmething that we want to review on a regul ar
basis to see whether it actually has an inpact.
But | look at this nore as an evidentiary hearing,
if you like, where you are not necessarily
review ng the evidence based on the nerit but what
are the rules of evidence.

What do you think down the road in five,
six years, would be evidence that is necessary to
support an optimal dose? Are you going to at |east
be willing to consider biomarkers, something that I
didn't see in your discussion? | think this, to
me, is a key point in terns of assessing
potentially biomarkers. Cbviously, this should
have been di scussed pre-I1ND but at |east at that
stage you have sone experience. You have sone
proof of concept possibly for bionmarkers on
efficacy. You may have sone at | east potential
bi omarkers of toxicity. Al those are things that
| think should be discussed not necessarily in
terns of how they pick the right dose, but what
ki nd of evidence would ultimately be needed for
bi omar kers from exposure-response nodeling to
support an optimal dose and to, hopefully, speed up
the process of getting to approval

DR LESKO | agree with you. | nean, |
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think at this point in tine there is usually a fair
anount of biomarker data available, if not clinica
endpoint data. One of the ideas of having this
meeting is to look at things a little nore
mechani stically and integrate this information in a
way that actually isn't being done very nuch at
| east by ourselves at the NDA stage where we tend
to look at clinical endpoints.

So, | think the idea is to look at this in
a quantitative mechanistic way and integrate
i nformati on perhaps in a way we haven't done before
as part of the interactions with sponsors, and
doing it in a sense of trying to inprove things as
opposed to being an obstacle, | suppose.

DR VENITZ: | think part of the
di scussion has to be what is the payoff. |If
certain things turn out the way you expect them at
that stage, which is obviously affected by sone
degree of uncertainty, what is the payoff? Wat is
the i nprovenent on your side as well as on the
sponsor side? Oherwi se, while we are doing those
studies, we still have to do a formal study to
prove whatever needs to be proven. That is what |
am concerned about .

DR FLOCKHART: | guess to put it bluntly,
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tonme, it is a tradeoff between whether this would
really nmake drug devel opnent better, as you point

out, versus would it just be another piece of red

tape, another hurdle that people would have to junp
t hr ough.

So, ny question would be what are the
alternatives. |If you look at it historically,
presumably in the old systemwe are saying, you
know, we are very worried about this because the
nunber of submi ssions is going down, and all the
rest of it, but we had this systemin place when
they were going up as well before 1996

So, | guess an alternative mght be to
| ook at that froma distance. Gkay, so why don't
we just issue sone good gui dances, |ike you have
done, in the interimperiod before the
end- of - phase-2. These would include the kinds of
things you have done on drug interactions, in vitro
and in vivo and on PK/PD and a | arge nunber of
other things. So, a way of thinking about this
m ght be whether you consi der those guidances to
have been ineffective and whet her they are not
havi ng the desired effect in ternms of inproving--I
mean i nprovi ng, not speedi ng necessarily but

i nprovi ng drug devel opnent, and what effort--this
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is kind of like an alternative resolution on the
floor--would effort put in the area of nore

consol idated or nore effective guidances be as good
as having a neeting like this?

DR. LESKGO | don't know whet her that was
a question or not.

DR FLOCKHART: | amreally speaking to
the wi sdom or | ack of w sdom of havi ng neetings
like this. | think the question | am posing really
is are there better alternatives and what do you
t hi nk about thenf

DR LESKGO Well, we think, and industry
really can better speak to that--we think the
gui dances have hel ped drug devel oprment and hel ped
clarify regulatory thinking. W see a guidance as
hel pful in this initiative as well to lay out the
goal s and objectives. As | mentioned in ny
introductory renmarks, this is a voluntary type of
nmeeting, as are the other neetings, and we have
sort of talked to compani es about this as part of
our interaction with themin the nornmal day-to-day
busi ness and the reaction has been positive in
terns of the counterparts in industry to the
clinical pharmacol ogy group here, at FDA. \Wether

that positive feeling is pervasive through the
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regulatory affairs and clinical departnents we
don't know. But the initial reaction has been very
positive.

But | think the way forward is to put the
gui dance out as a draft gui dance; get sone
experience with this type of neeting, and we think
it will be at least two or three years out before
we have enough exanples of this to determ ne
whet her this has been hel pful or not. But we need
to get feedback from each individual conpany that
woul d cone in for a neeting like this and | ook at
how t hat inpacts the subsequent NDA that we had
meetings on. | think we can | ook at this sonewhat

systematically and see what inpact it night have.

DR SHEK: | agree with the guidance, that
it is helpful, as well as the neeting. | |ook at
that fromthe industry perspective. It is nore

setting up expectations as you go through
Qui dances are fine but, you know, they are stil
open to interpretation and a specific case might be
unique. It is also an opportunity for the FDA
maybe to see sone of the data that has been
devel oped. So, | see benefits there.

But, still, we have to | ook at the bigger

pi cture and that was my question earlier, how nany
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of those cases--we are saying 50 percent of, let's
say, prograns in phase 3 are failing. | know from
my own experience that the target is, you know,
once you go into phase 3 studies you want to be
pretty sure that you know it will be a success.

So, out of that 50 percent, what are the reasons
for failing froma regulatory view? | would assune
some of themare failing even by the conpany
itself. Once they have the data, they say, well,
we don't have the product here and they don't even
submit an NDA. O, the scope doesn't fit when they
will try to position it into the market so it takes
|l onger. But then if you take those out, how many
of those are failing because the dose was the w ong
dose and how many of those are failing for other
reasons?

So, | would assunme the FDA is in the same
position as the industry. |[|f you have the
resources and they are linted, where do you spend
them and when do you spend then? So, | think here
it would be interesting to go into that and maybe
this two-year pilot will bring us sone of the
i nformati on.

Saying that, basically | believe it picks

up fromthe FDA strategic plan, whether this
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specific proposal will inprove or to nmake

i nnovati ve medi cal product devel opment sooner and
then, the other part, also devel opi ng safe and

ef fective nmedical products. As | understand the
proposal, it looks like let's tackle drugs that we
know how t hey work and how they are effective. |
wonder whether that is the target of drugs that you
would Iike to ook at or, rather, |ook at those
maybe new breakt hroughs where we really don't have
a therapy this year. Mybe those should have nore
time spent |ooking at the system

DR LEE: | just want to clarify that the
gui dance that Larry just nentioned is a procedura
gui dance, which is a guidance to industry regarding
how t he sponsor can request a neeting, not a
gui dance to di scuss drug devel opnent.

Secondly, to answer that question
regarding the reason for failed NDAs, in the ten
NDAs we | ooked at one of the npbst commpn reasons
for failing is that the dose chosen was not optinma
which led to | ack of efficacy or safety problens.
But | agree that it would be useful to | ook at not
only the failed NDAs whi ch have al ready been
submitted, but also |ook at the fail ed phase 3

studi es and see what the reasons are for the failed
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phase 3 studies.

DR. HUANG | was going to comrent on
gui dance. | guess you said there are alternatives
to communi cate and we do have a | ot of guidance
docunents. So, those may be hel pful instead of
addi tional ones. That is what | take from one of
your comments. The guidance is a |iving docunent.
For exanple, the Drug Interaction Guidance may not
be updated and we have new infornmation that we may
have just learned fromreview ng certain NDAs or
company neetings where we know sone ot her factors
need to be consi dered.

For exanpl e, Anmeeta has shown an exanpl e
where QI prolongation, if not eval uated properly,
could be a cause for approvable instead of a first
cycle approval. W did have quite a few exanpl es.
To comunicate this information, this could happen
when we have this type of information. | nean
sonme of the exanples show that information cones in
| ater and we m ght have communi cated at
end- of - phase-2 or pre-NDA. However, if you can do
it earlier we probably can share the information
early on with the sponsors with the current
information or different interpretation based on

the science which may not be covered in various
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docunents al ready in place

Larry has nentioned about
phar macogenetics. Wth the information that we
have right now, how do we | earn about the
i nformati on that industry has or how do they know
what we will see as issues? This type of
information, even if we have quite a few infornal
meetings, that is not exactly end-of - phase-2A but |
think they have provided an opportunity for us to
| earn what are the issues that a conpany is facing.
I think what we heard is val uabl e on what questions
we woul d have when we see certain data that may not
have been subnitted early on

So, | think this offers an opportunity not
only, hopefully, I think to be beneficial for the
sponsor but also very helpful for us. Once we
learn this information, we can al so conmmuni cate it
to the other sponsors.

DR MCCLECD: | think it is a good idea
but I amnot sure why. | didn't find any of the
three cases especially conpelling. The reason why,
as | thought about it, is you can't retrospectively
reconstruct the data if you want to really answer
whether this is a good thing to do or not. As you

| ook back, there was great data that at the end you
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coul d have | ooked back and made a better choice,
but not at the end-of-phase-2A. At the very end of
the study you coul d have.

| think maybe, if nothing el se, going
through this two-year pilot, whatever the tine is,
will at least allow you to construct the data and
to cone back and say that this is something worth
doing or that this is really no nore insightfu
than we have now. We really don't have enough data
to say this is a good thing to do. It seens like a
good thing to do. It should be a good thing to do
but the exanples that are out there don't say, yes,
this is definitely sonething that is going to
really inmprove the devel opment of these drugs.

DR SHEINER: Again, putting the best
possible light on it, let's imagine that, first of
all, the basic hypothesis is true, that there is
nmore information to be gathered fromearly drug
devel opnment that is relevant to later drug
devel opment than is being fully exploited. Let's
grant that and then let's also grant that the
pharmaceutical industry in general and conpanies
are trying to find a way to better exploit that
data and that they might find this kind of a

meeting useful. Even given those two things, you
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know, you sort of can't do any harm except for the
cost in time and effort on the part of the FDA and
that is a finite resource, and it is not holding
anybody's feet to the fire and it is not naking new
rules, or anything like that, which is sonething
that, you know, obviously would cause a much bi gger
shakeup.

You know, | amjust sort of trying to get
to Larry's third question. | have no idea then, if
that is the case, what you would use for a
benchmark ot her than customer satisfaction. |
can't think of how you would try to actually
quantitatively nmeasure the influence because, as
think you just pointed out, it is likely to show up
inthe quality of the data that is gotten after
that neeting and it is very hard to say, well, it
woul d have been otherwi se or wouldn't have been
otherwise. It is the sane probl em going forwards
in a sense as goi ng backwards and sayi ng, you know,
make believe | didn't know the end result now what
woul d | have done back then if | had been faced
with those data? It is just alnost inpossible to
do.

So, | don't think you can neasure it. |

do think that it can be seen as a positive
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endorsenment of the idea of better exploiting all
these data in a quantitative way that takes account
of all uncertainties and tries to all ow deci sions
to be made. | think in that sense it is a public
service, but | don't know if you are going to be
abl e to neasure the inpact.

DR. MCCLEOD: You could do a random zed
study of offering end-of-phase-2A consultation or
not and see whet her the doses are picked correctly.

DR JUSKO | see this as a good idea from
the viewpoint that it offers the compani es a chance
to interact with the FDA probably for problem
situations. | kind of view 2A studies as proof of
concept and none of the exanples that we saw were
really phase 2A situations with the great
uncertainties that frequently exist.

I was a little bit concerned by what Larry
said early, that oftentines at the end-of-phase-2
nmeetings the conpani es are al ready wedded to an
array of plans for phase 3 studies and may have
difficulties making adjustnments in those plans.

The exanpl es that we saw were nore of that ilKk.
So, this kind of proposal could offer opportunities
to influence what woul d be happeni ng i n naking

pl ans for phase 3 studies earlier in the whole
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progression of things. So, in that context it
seens like it could be very beneficial in certain
situations.

DR. LESKO It has been interesting, in
di scussing this individually with companies,
whet her or not this is even an early enough neeting
to discuss the issues we proposed to discuss in
this meeting. Dosing strategies are set
individually by different conpanies in many
different ways but this seens to be a fair bal ance.

The ot her thought we had on this, and we
have begun to explore this, is the introduction of
sonme di scussion of di sease progression nodels as
part of this meeting, and determ nation of whether
or not this mght have sone inmpact on the way
exposure response is assessed and if that would
have a positive inmpact on clinical trials in
specific di sease state areas.

We are doi ng some ongoi ng research in
certain diseases with di sease progression nodel s,
and we have used it before in our analyses in
sel ected cases but we think there is sone potentia
to look at this nore fully in the context of these
nmeetings, again, with the collaboration and

agreenent of the conpany to do this.
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DR. VENITZ: Are there any nore conments
for question one because | think you got a | ot of
feedback fromthe conmmttee? So, any nore conments
about the general objectives of this
end- of - phase- 2A progr an?

[ No response]

Then let's see if we can focus on the
second question. That is a nore mnethodol ogi ca
question. \What approaches can be used in order to
maxi m ze the efficacy, | guess, of those
end- of - phase-2 meetings? Any coments by the
conmittee to question nunber two?

DR SHEINER: Just to beat the same horse
as before, obviously they are going to want to do
the analyses in a sense. | nmean, you are going to
sort of help themout and nmeke suggestions. But |
do think that some attention to some kind of val ue
function--call it utility, whatever it is--where
you say, you know, there is sonmething we are trying
to learn here in particular; we have some neasure
of what we are trying to learn, rather than
everything there is to know about concentration
response and all possible responses. | amsure you
woul d never say that but some fornmal attention,

sone agreenent that one of the things you are going

file:///IC|/Daily/1117phar.txt (115 of 318) [12/5/03 2:02:01 PM]

115



file://IC|/Daily/1117phar.txt

1 to talk about--not formal because it is an informal
2 meeting, but sone agreenent that one of the things
3 you are going to talk about is how you are going to
4 nmeasure the value of what you are going to learn

5 DR. VENITZ: | would echo that. | think a
6 | ot of the things we have seen were retrospective

7 data analysis and | think one of the objectives of
8 this end-of - phase-2 neeting may be to decide or at
9 | east give gui dance on which issues need to be

10 studied in a prospective nanner as part of a

11 prospective study, be it a clinical or preclinica
12 study. On the other hand, which other issues which
13 may be playing for | ower stakes can be dealt with
14 retrospectively as part of some kind of a

15 popul ati on PK approach

16 Again, just give guidance to the industry
17 for what the stakes are for the different issues

18 that are going to cone up down the road, and what
19 is the potential payoff if they inprove on the way
20 the analysis is being done.

21 DR SADEE: So, what you are saying is

22 identifying the problemissues as far as they can
23 becone apparent so that there is already a

24  foundation that woul d save nmaybe energy |l ater for

25 the FDA because the issue is already at hand.
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There may be new i ssues energing, but | would
i magi ne that at that point one woul d know what the
key questions are. That would be very hel pful

DR. VENI TZ: And one conponent that didn't
really get any discussion tine today is to
i ncorporate enough preclinical information, both in
vitro as well as animal pharnmacol ogy, safety and
toxi cology information that may be quite rel evant
at that early stage. How would that inpact not
only on endpoints that may need to be nonitored but
also in terns of dose selection, including using
qualitative nethods?

Any nore conmments to question nunber two?

[ No response]

Then let's |l ook at question nunber three.
We already heard Dr. Sheiner's recomrendation that
custoner satisfaction mght be the only neasurabl e
outcone. Any other recomendati ons or suggestions
by the comittee?

DR. DERENDORF: Well, it is actually under
strategic planning. It is steps to reduce the
time, cost and uncertainty of devel opi ng new drugs.
So, that is the goal and I think that can be
measured. You said that in your exanples there

were a | ot of conponents that were dropped because

file:///IC|/Daily/1117phar.txt (117 of 318) [12/5/03 2:02:01 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

118
of the wrong dose. That number should cone down.

DR LESKG That is true, and there is
anot her conceivable nmetric one mght |ook at, and
that is the dose changes post-approval. There is
published literature on that recently by Jam e
Cross and col | eagues, | ooking at dose reductions
post-approval in terns of the tinme foll ow ng
approval , what percent reductions were downwards,
and so on. That also m ght be over tine another
netric that could be | ooked at | think

DR. SHEK: Yes, the only issue there is
that in two years you woul dn't cone out with the
metrics | think. You would need a |onger time than
two years.

DR LESKG Yes, | agree. | think we have
said two or three years. It is hard to say,
dependi ng on the frequency of having these types of
i nteractions.

DR FLOCKHART: | don't think it is
actually very difficult. | think a sinple catal og
of decisions nmade by sponsors in itself would be
very instructive. | nean, it goes everywhere from
killing a drug--1 nean, how many drugs got killed
and what ki nd of decisions sponsors nade in

response to those neetings. You could easily have
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an analysis to ask them well, what did you do as a
result of this that you woul dn't have done

ot herwi se? Change your clinical trial design? Add
a surrogate? Build in a toxicity nonitor?

Moni tori ng based on aninmal data or preclinical data
that you hadn't done before? | nean, there are

| ots of potentially valuable things you could talk
about that woul d be persuasive, sinple broad
statenment s.

DR. HUANG | was just going to say since
initially the end-of -phase-2A neeting will be
limted so we will only have a few cases--this is
like an open trial so we | ook at these cases and,

i ke, a customer satisfaction survey including

whet her the sponsor changed a devel opnent pl an
based on the FDA input or based on this neeting.
So, even though we don't have a random zed control,
we do have the set of sponsors that went through

t he end- of - phase- 2A neeti ng.

DR. VENITZ: Can we maybe add a fourth
question? | think you alluded to that, Larry, and
that is, can we as a comittee identify specific
scenari os where the end-of -phase-2A may be npst
hel pful ? The new drug in class or first drug in

this particular class or should it be a drug where
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we know a | ot about the class? What does the
committee think?

DR SHEINER: But the problemis that the
answer to that depends very heavily on the first
question we never answered, which is why is
i nadequate attention being paid to the information?
But nmy guess is that the newer the drug in the
class, the receptor and all that, the less
advant age you can take of prior information because
there isn't any. So, you are in a nore enpirica
mode and we know that the pharnmaceutica
manuf acturers do a reasonably good job of being
enpirical

So, ny guess is that you m ght be nost
hel pful in the case where there is a fair anmount of
know edge and where the conpany maybe feels that,
for sone reason, it can't use that and they can be
encouraged to do so for whatever is the probl em
that this is solving. It would seemto ne it has
to be nost applicable in the case where there
really are things that should be brought into the
t hought process that are not being brought in.

DR. VENITZ: | would concur with that and
add that | think it mght be worthwhile

particularly for drugs that treat synptomatic

file:///IC|/Daily/1117phar.txt (120 of 318) [12/5/03 2:02:01 PM]

120



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

conditions. Again, the payoff might be earlier
than for drugs to treat chronic conditions,
dependi ng on how nuch we know about the di sease per
se regardl ess of the pharnacol ogy of the drug. So,
actually acute indications mght be the ones to
focus on early on to see if it does any good.

DR KEARNS: Larry, | think one of the
things is thinking about drugs that may be useful
in children and other special populations. The
end- of - phase- 2A neeting could be a very inportant
poi nt for the agency to begin to discuss with the
sponsor really what kind of studies need to be
done; what do we need to think about; what are the
endpoi nts that mght be appropriate. As it goes
now, those questions are often asked very, very
late in the game when not a | ot of synthetic
t hi nki ng can be brought to the bar.

DR, MCCLEOD: | was just going to ask,
Peter, was there any central theme to the ten drugs
where you coul d have predicted dose alterations?
That failed because of incorrect dose? Wre these
all first time in class or were they all fourth
time in class? |Is there anything that could guide
where you should be focusing this work?

DR LEE: | amnot sure. | think at |east
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they all have good exposure-response rel ationships,
whi ch neans the endpoint is either a shortened
endpoint or a surrogate endpoint that is easy to
measure and connect to the exposure. But | think
it was the clinical endpoint being used but it was
a shortened clinical endpoint. Again, | think the
central thing would be a good exposure-response

rel ati onshi p being established based on the early
st udi es.

DR. HUANG If | remenber correctly, the
majority of themis not first in the class. Ws
that one of your questions?

DR. MCCLECD: Maybe what | amtrying to
get at is what drugs you should focus on to try to
make this work or not work.

DR. HUANG. Many of those are fast
foll owups but a lot of information devel oped |ater
on. So, sone of the information we may not have
wel | el aborated or well recogni zed when they first
come up. So, sone of the exanples you have seen,
they are the fourth or the fifth on the narket.

DR. MCCLEOD: And certainly those are |ess
interesting but mght be a good place to start just
because you m ght actually be able to intervene and

see whet her intervention inproves things.
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DR. HUANG Yes, | think it was in Larry's
slide, either that we know a | ot nore now t han when
it was first introduced, or sone of them may be
novel so we want to help with the devel opment. But
in alot of cases they are fourth or fifth in the
cl ass.

DR VENI TZ: Any further coments to any
of those questions? |If not, Larry, | want to give
you an opportunity to wap things up before we take
a break, if you choose to do so

DR. LESKO | don't need to take much time
but we presented this norning a concept for a new
initiative and | think appropriately received sone
excellent input fromthis comrittee. W are going
to continue to nove this forward and maybe share
with the conmittee at sone point in tinme sone
experiences we have with this initiative.

| believe our next step will be to devel op
a draft gui dance for industry on this concept,
taking into account what was said today, and put it
out really for comments so people can raise issues,
identify inportant aspects of it and continue to
move forward.

DR VENI TZ: Thank you. That brings us to

our lunch break. We will have a break from 11: 30
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to 12:30. Just for everybody's information, we do
not have any open public speakers so we wll start
with the official programat 12:30. So, | would
hope that all presenters will be ready at 12:30 to
present on the QIc prol ongation nodeling. Thank

you.

[ Wher eupon, at 11:30 a.m, the proceedi ngs

were recessed for lunch, to reconvene at 12: 30

p. m]
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AFTERNOON PROCEEDI NGS

DR. VENI TZ: Wl cone back for the
afternoon session. W are continuing with the
general topic of exposure response, and our second
topic for today is the use of PK/PD nodeling in the
context of QTc prolongation. | would Iike to ask
Peter Lee to give us an introduction of the topic.
Pet er ?

PK/ PD (QT) Study Design: Points to Consider

DR. LEE: The next topic we are going to
tal k about is the PK-QTI study design.

[Slide]

Specifically we will be tal ki ng about
using the clinical trial simulation, whichis a
si mul ati on net hodol ogy for designing a PK-QT study.
I want to start by saying that there has been
increasing regulatory interest regarding the QT
prolongation. As a result, a nunber of drugs have
been withdrawn fromthe nmarket due to the Qr
prol ongati on property. Mdst recently we published
a concept paper regarding the QI study design. |
believe there is also an | CH E14 gui dance that is
under preparation

[Slide]

There can be several different objectives
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for a PK-QrI study design. The first nay be to use
the study to determine if there is a drug effect on
Qr. Secondly, the objective could be to estimte
the extent and the tine course of the Qr effect.
Finally, to determine the PK-QT relationship so
that a relationship can be used for dose adjustnent
if intrinsic or extrinsic factors may influence
exposure of the drugs. So, the regulatory utility
of a PK-QT study could be to evaluate the safety of
the drugs; to deternine the dose selection in the
patient; or use information for dose adjustnent.

[Slide]

Therefore, there are actually nmany
different issues relating to the PK-QI study
design. One of the npbst significant ones could be
the |l arge and unpredictable within- and
bet ween-subj ect variabilities, including inter-day
variability as well as within sanpling w ndow
vari ations which can cause a decrease of the study
power to identify a small change of QI due to the
drug effect.

There is also a different way of selecting
the baseline, sonetimes one sanple being selected
pre-dose; sonetines 24 hours as a baseline. The

sanpling schedule is also an inportant factor that
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may influence the study power and ot her additiona

i ssues, such as the sel ection of neaningful and
sensitive QI netrics and the variability associated
with PK and PK/PD rel ationshi p.

[ Slide]

Addi tional issues are dose-ranging
studies. Wether a placebo control or active
control is included as a conparison and different
types, such as crossover or sequential designs.

[Slide]

So, when we see a study report where there
is an X mllisecond change in QT due to a drug
effect, then we have to ask the question what is
the correction method being used to correct the Qr
regarding the Rinterval? Wat is the QI paraneter
we are talking about? Is it the maxi num QT effect,
or the average Qr effect, or just randomy sel ected
drug dosing interval? W also have to ask what
this QT change is fron? Are we conparing to the
pl acebo group? And, also ask the question at what
doses has QI effect been observed? Once we have
answered all these questions, the nost inportant
question we have to ask is how sure are we about
this X mllisecond change in Q.

[Slide]
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I will just give you an exanple. This is
just an informal survey of QI studies of
terfenadi ne that have been published in the past.

I have a list of ten different studies and their
study designs. The dose reginmen in those ten
studies ranged froma single dose, 120 ng for nost
of them to 60 ng BID

The general study design could be a
sequential crossover, parallel, and the nunber of
subj ects could from6 to over 60. The baseline is
somet i nes one sanple; sonetimes 12 hour. The
sanple of treatnment is even nore variable. It
could be one sample, 6 hours, 12 hours or 24 hours.
The netric of QT is sonetinmes point-by-point
conparison with the baseline, sonetines the
maxi mal , soneti nes one sanpl e.

[ Slide]

These are the study results fromthese ten
literature studies. Seven out of the ten studies
show no effect, no QT effect of terfenadi ne agai nst
ei ther baseline or control depending on whether it
is a sequential study design, crossover or parallel
design. |If we exclude the first two studies, the
singl e dose studies, then five out of the eight

studi es actually show no effect against baseline or
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control

Al t hough this survey is really informal
and may not be conclusive, we really had to ask the
guesti on whether the inconsistent results are only
by chance due to inter-study variability or is it a
study design issue. | think we believe it is the
| atter because of the variety of study designs
involving these ten different literature studies.

[Slide]

So, we proposed the use of clinical tria
simul ati ons for designing a PK-QI study to address
the conplexity of the study design issues because
it was deemed that there is no one-size-fits-al
PK- QI study design. Each study has to be desi gnhed
for its own specific objective. You have to
consider the variability of PK/PD. W can use
clinical trial sinulation to explore a variety of
study designs and integrate the effects of all
study design factors into the considerations. The
trial sinulation can be used to estimte the study
power to achieve the specific study objective and
it also can be used to address "what-if" scenarios
under different possibilities.

[Slide]

So, today we will have two different
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presentations. The first presentation will be
given by Dr. peter Bonate, fromILEX He will be
tal ki ng about the use of clinical trial sinulation
for PK/IPD QT studies. The second presentation will
be given by Dr. Leslie Kenna and she will be
tal ki ng about the QT evaluation studies from sone
regul atory experience. Wth that, | wll give it
back to the chair.

DR VENI TZ: Thank you, Peter. Are there
any questions for Peter? |If not, let's proceed to
the first presentation. Dr. Peter Bonate is going

to tell us about clinical trial sinulation and QTc.

Pet er ?
Use of dinical Trial Simulation (CTS) for
PK/ PD QT Studies
DR. BONATE: | would like to thank you for
inviting me to speak. | amvery honored; a little

i ntim dated.

| amgoing to talk a little bit today
about using sinulation to address QT issues. |
first got involved in this a couple of years ago,
right at the tine when Sel dane--you know, the QT
i ssues about it were starting to cone to light.
So, | have been doing this now for a couple of

years. | have had the opportunity, some mght say
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131
m sfortune, to work on about half a dozen of these
compounds now, doing these anal yses. They are very
stressful. They are not like a regular
exposure-response analysis. | think the stakes are
alittle big greater. The pressure on the
kineticist are a little bit nore because for a drug
that has warts, this could kill it. So, it is a
pretty stressful analysis.

[Slide]

What | amgoing to talk about today are
some of mnmy experiences with nodeling and sinul ation
of this type of data; how we have used sinulation
to address and interpret sone of the results from
t hese anal yses.

[Slide]

Just to nake sure everybody is on the sane
page, | amgoing to briefly address sone of the
i ssues regarding Qfc so that we all have the sane
background, and | am going to talk about sone
pl acebo anal yses that | did because in order to do
clinical trial sinulation you have to understand
what the placebo response is before you can
adequat el y nodel what your drug effect response is
going to be. In doing the placebo analysis, sone

interesting results cane to light and so | will
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talk a little bit about the pitfalls that m ght
come fromjust naively nodeling QTc data. Again,
am going to focus on using Monte Carl o sinulation
to help interpret our results.

[ Slide]

There is a variety of different netrics to
analyze this type of data. The guidance tal ks
about different varieties of them One is |ooking
at nmean QIc interval. This is probably the |east
sensitive nmetric because it basically dilutes the
drug effect from ECGs that have no drug effect.

Anot her one is maximal QTc interval. This
one is relatively insensitive too because there is
a lot of variability whenever you start talking
about maxi muns.

Anot her one is area under the Qlc
interval-time profile. This one is starting to
gai n nore--

DR SHEI NER: Excuse ne, Peter--

DR. BONATE: Yes?

DR SHEINER: Could you just say a word
about the design? This is the nmean of intervals,
for exanple, across time beat-to-beat or is this
nmonent -t o- nonent ?  Because not everybody here is

exactly clear on what the design is.
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DR. BONATE: Well, let's say you collect
ECGs at zero, 0.5, 1, 2, 3, 4, 6, 8 hours after
dosing, the mean QIc interval is just the nmean of
all those neasurenments. | didn't want to talk
about how do you actually measure QIc. That is
nmore of a cardiol ogy issue. But when | tal k about
mean Qfc, it is just the nean across different tine
intervals. | amgoing to assume at this point that
the QIc interval data that you have has been
over-read by a cardiologist and that it is a rea
nunber .

Anot her one that is just starting to
appear, although it has been recomended for a
nunber of years, is area under the curve. The
problemw th this approach is that the units are
difficult to interpret. You get nunbers |ike
10,000 millisecond tinmes hour and nobody knows what
that neans. So, it is difficult to interpret.

Then you have maxi mal change from
baseline. Wen you are tal king about baselines you
are controlling a little bit for wthin-subject
variability. These tend to be nore sensitive
metrics.

Anot her one related to that is maxi mal QTc

with baseline as a covariate. This is an ENCOVA
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approach. They tend to be nore powerful than just
si mpl e ANOVA approaches which are what the other
approaches use.

Lastly, there is area under the QIc
interval with baselines as a covariate. Wen | did
sonme simulations a few years ago this was probably
the nost sensitive netric at detecting QI effects.
But, again, you are confounded with difficult to
interpret units and such. But these are basically
the nmetrics that we have available to us and pretty
much change from baseline and maxi mal QTc are the
ones that people focus on

[Slide]

I am sure everybody knows these, but the
gui delines for what is "prolonged" are 450 nsec in
mal es; 470 nsec in fermales, or 60 msec change from
baseline. Then there is an absolute QIc greater
than 500 nsec. These are all considered clinically
significant QIc val ues.

When | ooki ng at nean change from baseli ne,
there really are no agreed upon guidelines for what
constitutes prolonged. Cenerally we took 5-7 nsec
as prol onged because, using terfenadine as the
yardstick at the doses that were given clinically,

that tended to produce a 6 nsec increase in QIc and
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135
since that was pulled fromthe market for QT
problenms that is our yardstick that we have used.
Hence, we now have the 5 nmsec change in QI as being
a yardstick for what is prolonged. And, there are
no gui delines on the AUC- based netrics at this
point for what is significant.

[Slide]

I have found that conpanies tend to go
through three stages when they are dealing with Qr
probl enms. One is--renmenber the guy from Mad
magazi ne where he says, "what? Me worry?" There is
the what QIc effect? It is the head in the sand
approach--we don't have a QT problent we are not
going to worry about it. That is a dangerous
attitude to have

Then there is the, "okay, yeah, we've got
a QI problembut we're not any worse than any ot her
drugs on the market so we're going to take this
approach and since they're approved, we're going to
get approved." Then there is the, "yeah, we've got
a QIc effect. We're going to characterize it and,
hopefully, we'll be okay at the end of the day."

I think nore conpani es are coni ng around
to this third approach of we are going to

characterize it and we are going to understand what
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are the intrinsic and extrinsic variabl es that
affect it so that we can nake sone rationa
deci sions for whether this drug is safe or not.

[Slide]

So, | would like to nove back to a study
we did actually back in 1998 and 1999. Sel dane has
just got pulled off the market. W just had
Al l egra approved. At the time we were extrenely
sensitive to QI issues and so we had a new drug
that was in devel opnent and we were concerned about
Qr issues, obviously. W felt that because we were
Hoechst Marion Rousel, we would be | ooked at for QT
problens a little nore closely than naybe ot her
compani es at the tine.

So, we went and we did what was probably a
cutting-edge study at the tinme; it seens fairly
straightforward now. W wanted to characterize the
QIc response relationship for our drug. This was a
si ngl e-center, randoni zed, doubl e-Dblind,
pl acebo-control | ed, 4-way crossover where we took
20 mal es and we took 20 femal es, with standard
phase 1 exclusion criteria.

[Slide]

We gave themthree doses, 20 ng, 30 ng and

60 ng once a day for seven days, the fourth arm
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being a placebo arm Wthin each period we al so
had a pl acebo day on day m nus-one. There was a
week washout between periods. And, we gave neals
one hour post-dose in the norning, |unch, dinner
and snack. Interestingly, at the time we felt that
our case report forns were getting too big so we
were | ooking for ways to cut down on how we coul d
make thema little bit smaller and one of the
things we thought at the time was let's get rid of
the nmealtimes. We don't really need that. You
know, it is a phase 1 study. The food effect for
Qr wasn't known at the tine so in hindsight we kind
of wish we had kept that data. It would have nade
interpreting sone of the food effects a little
better. Al ECGs were taken prior to neals if they
were schedul ed at the sane tine. So, in hindsight,
this seens like a pretty straightforward design but
it was probably one of the first of its kind.

The results of this analysis were
publi shed | ast year in a book by Kinko and Dufful
and | amgoing to talk just very briefly about it.

[Slide]

We did ECG analyses on 0, 1.5, 3, 5, 9, 12
and 24 hours on day 1, day mnus-1 and day 8. So,

we did it after the first dose of active drug and
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then at steady state, and also on the placebo

|l ead-in day. W also did it at trough on days 4,

5, 6 and 7. Al the ECGs were over-read by
cardi ol ogists blinded to treatnent, dose and
period. They cal cul ated Bazett's QIc for each
chest lead and the | argest one was taken as the QIc
at that tine interval

[Slide]

We had a nunber of issues arising from
this data set. First of all, what is the baseline?
Is it the pre-dose at time zero on the day of
dosing? At the tinme, nuch of what | amgoing to be
tal ki ng about we really didn't know at the tine.

For instance, the circadian rhythm we didn't
really know that that was really such a big issue

I amnot really sure that it is a circadian rhythm
I think it is nmore food effect that gives it a
circadian nature. W also took only one ECG at
each time point. | wsh, you know in hindsight, we
had collected multiple ECGs to | ower inter-subject
variability.

We coul d have used the nmean of the placebo
date, day minus-one. It is more robust. It is
going to be based on many neasurenments. But it too

fails to correct for any circadian food effects
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that happen on the day of dosing. |If were to take
this forward into phase 3, you know, such a design
couldn't be useful for phase 2 or phase 3. Lastly,
there is point to point with placebo

adm nistration. For instance, we could take the
1.5 hour on day 1 with the 1.5 hour on day mnus-1
and that would be the baseline. But then the
question beconmes, well, should the baseline be day
m nus-one or should the baseline be the placebo
period?

So, there are a lot of different ways to
anal yze this data. The proposed gui dance talks a
| ot about these things and | think one of the
things that it could do a little bit better is to
nmore fully delineate what should be the preferred
basel i ne when doi ng these anal yses.

[Slide]

We decided to build a placebo nodel
because you need the placebo nodel to really
understand what is going on with drug. W had a
nunber of covariates available. W had period, day
and tine. W had chest lead; time of the |ast
meal . W didn't know exactly what the | ast nea
was but we coul d guess probably within five or ten

m nutes what it was. The sex; the race; what was
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their baseline cal ciumand potassiumat the
begi nni ng of each period; body surface area; and
stress. Wen | say stress, the way they do these
studies is that on days one, seven and day eight
there are a lot of ECGs being taken so it is a
pretty hectic day around the clinic. Everybody is
runni ng around so stress tends to be a little bit
hi gher. So, we thought that mght be an
interesting covariate to | ook at.

[Slide]

We did the nodeling using NONMEM | will
show you a little bit later why |I used NONVEM
i nstead of mxed, but all nodels were devel oped
usi ng LRT, standard nodel buil ding techniques. The
factors were entered into the nodel linearly and
random effects were treated as normally
di stributed, which seens reasonable for QI data.

[Slide]

Just for the placebo period we had 769

ECGs from 40 subjects. That was a 449 nsec

variance. So there was 5 percent variability

across all the ECGs that were collected
Interestingly, the placebo data showed a

trend over tine, over day of administration and the

Qfc intervals tended to go up fromday m nus-one to
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day eight. The way | interpret that is that these
phase 1 studies--we call them healthy nornal
vol unteers but they are not exactly healthy nornal
vol unteers; they are marginally heal thy nornal
vol unteers. Some of these guys go out bringing a
coupl e of days before they enter the clinic. They
get sobered up and they conme in and they dry out
enough to pass the screens and then they are in the
clinic. Wat they are doing is while they are in
the clinic they are getting healthy. They are
getting three square nmeals a day. They are
showering. You know, they are starting to get
healthy. So, that is kind of how | interpret this
trend effect over time. You know, they are getting
better is what is going on

W al so found that chest |ead was
important. Lead IV tended to be about a 9 nsec
greater than other chest leads. Now, if you | ook
at other papers in the literature, chest lead II
tends to pop out more often but chest lead is an
i mportant covariate that needs to be controlled
for.

This was probably the first tine where we
actually quantified the food effect. W found that

breakfasts increased QIfc and that |unch increased
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Qlc and di nner increased QIc, and each one of these
increased thema little bit nore. You know, each
one of these neals tends to be alittle nore fatty
than the one before it and fat tends to prolong the
Qrc interval, which raises an interesting question.
Because of the food effect, it is going to make
anal yzing Qfc data a little nore problematic and
wi Il show you that in a mnute.

There was a stress effect. On the days
that there were a | ot of ECGs being taken the QIc
intervals tended to be a little bit higher, and
femal es were greater than males. You know, | did
this about four years ago and now it seens really
straightforward but back then this was cool stuff.

[ Slide]

You don't have to worry about it but if
anyone is interested, here are the quantifiable
nunbers for the nmodel. The reason that NONVEM was
used to do this analysis is that to nodel the food
effect what | did was | just assumed that the Qr
ef fect declines exponentially since the |ast neal.
I could have done this using a |inear nodel and
treated neal as just a fixed effect but, because |
i ncluded the exponential termin there, | had to

use a nonlinear mixed effect nodel. |n doing so,
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probably could have increased the tine it took to
do this by about 100-fold.

[Slide]

Here is a fit for what the day 1 data
| ooked like. |If you | ook at where breakfast, |unch
and dinner is you can see that after every neal QT
intervals tend to be alittle bit higher than the
interval before it. The spike out at 16 hours were
there is no tinme point, that is where they got
their snack just before bedtine.

[Slide]

Here are the results over eight days of
treatnent. | won't show you all the goodness of
fit plots but the results fit pretty well so we
were pretty confident in the nodel that we had.

[Slide]

It raised some interesting observations.
One was that there was a relatively large
variability and when you broke it down to
wi t hi n-subj ect and between-subject variability we
found that within-subject variability was nore than
bet ween-subj ect variability, which is not sonething
you see every day. Wthin-subject variability was
about four percent but between-subject variability

was only about three percent. So, it is kind of an

file:///IC|/Daily/1117phar.txt (143 of 318) [12/5/03 2:02:02 PM]

143



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

144
unusual finding.

Keep in nmind that w thin-subject
variability al so includes neasurenent error and
nmodel misspecification. So, that may be the reason
why we have such large within-subject variability
and had we done replicate ECGs at each tinme point,
we coul d have been able to separate the variance
components maybe into a neasurenment error and into
sonething else. At the tinme | was trying to
convi nce people to include dummy ECGs to the
cardi ol ogist so that we could get a better idea
for what his reliability was but that was a can of
wor ns t hat nobody wanted to open. Every tine |
proposed that, that is a very difficult sell

Interestingly, when inter-occasion
variability was added to the nodel, it accounted
for very little of the variability, less than 10
msec2 so it was not included in the model. | have
seen ot her papers where they have | ooked at this
and they have pretty much come to the sane
conclusion, that if you look at individua
corrected QT intervals over different days that
tends to remain fairly constant across days, which
is kind of surprising.

[Slide]
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| amjust going to take a step aside and
do ny sell for the AUC corrected QIc. | think nore
effort should be spend in identifying this as a
vari abl e measurer instead of change from baseline
or maximal Qfc. AUC is an integrated neasurenent
over the drug effect and it tends to be nore
sensitive than any of the other netrics that we are
| ooking at. Wen you | ook at maxi mal change from
baseline you are only | ooking at one time point and
you are ignoring all your other observations, which
is aloss of information. So, when you | ook at
AUC, it tends to be nore sensitive. As | said
before, if you use just raw AUC the nunbers are
like 10,000 so it is difficult to interpret.

But if you divide by the interval in which
the AUC was neasured, now you get a wei ghted
average QIc which is interpretable with the weights
proportional to the tinme difference between
measur enents and the nunbers are right in accord
wi th what you woul d expect. So, when | did the
pl acebo nodel for the AUC many of the covariates
that were inportant before no | onger becone
i mport ant.

Here is ny nmethodology 1In this case

just did linear m xed effect nbdels. You can see
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my covariates. But in this case none of the
covariates were statistically significant. The day
effect was gone. So, it is sonething that we need
to consider. Mdyre people need to do research on
this so that we can get a better feel for how it
performs as a netric.

This time the between-subject variability
is greater than the within-subject variability,
which is what you would |ike to see
Interestingly, the sex effect that you nornally see
with QIc was not observed with the AUC nmetric. |
don't know whether this was a power issue or what.

[Slide]

Now t hat you have a nodel --you know, just
havi ng a nodel isn't of any val ue unless you do
sonmething with it and that is where sinulation
pl ays a rol e because sinmulation is really just
applied nmodeling. It is a tool that can help you
under stand the behavior of your system It can
hel p you assist in discovery and fornul ati ng new
hypot heses; where you need to go next. O course,
it can be used for prediction. That is probably
what it is npst often used for. Sometines you can
use it to substitute for humans, |ike with expert

systems. You can use it for training and, of
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course, you can use it for entertai nment, not just
for the nodel ers but for the people that use it.

[SIide]

If you want to simulate Qfc trials, what
is it that you need to know? Well, you need to
define your netrics. What is going to be your
primary metric? Wat is your goal at the end and
what is the nmetric that you are going to use? Once
you know your netric you need to know the
variability of that metric, both within a patient,
across patients, neasurenent error, that kind of
thing, and how it is distributed. 1Is it nornal
distribution? Is it log normally distributed? QITc
intervals tend to be normally distributed. 1| have
yet to see a log normal Qfc distribution. |f you
have an estimate of variability, does that estinate
of variability pertain to the popul ation that you
are interested in studying?

What | showed you was done in healthy
normal vol unteers. The question then becones are
those variance conponents applicable to the
popul ation of interest? Probably not because
patients tend to be nore heterogeneous than healthy
normal vol unteers. So, the question then becones,

wel |, how useful are the results of your sinulation
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i f your variance conponents night not be valid?

O course, you need a PK/PD nodel. You
need to know what the variability is in those
estimates. Then, what is the experinental design?
How are you going to actually dose the drug?

[Slide]

One of the things that cane out of the
pl acebo analysis, as | said, was the food effect.
Well, surprisingly, if you just do a QIc anal ysis
you can get food effects that mask drug effects,
that act |like drug effects. Think about this, on
days when we were doing intensive sanpling we had
patients fast for 14 hours. Then they get their
meal s and then they go on to the next day. Well,
Qr is prolonged after a neal. So, right away we
are increasing Qrfc from baseline, regardl ess of
whet her the drug has any effect or not, sinply
because of the timng at which the sanples were
t aken.

So, | did an experinment. | sinulated 100
subj ects after oral adm nistration of the drug--the
sane time points as in the last study.
Concentration and QIc were totally independent.
There was no drug effect in the simulation. Then

anal yzed the data using pop m xed and used a random
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1 effects nodel. | treated concentration as a

2 covariate in the nodel

3 [SIide]
4 Here is the sinmulated QIc data. There is
5 not hi ng unusual about it. It |ooks exactly Iike

6 what you woul d expect when you | ook at popul ation

7 Qrc dat a.
8 [Slide]
9 Here is the PK data. It is actually

10 pretty tight. There is nothing big there.

11 [Slide]

12 Then, when you | ook at the concentration

13 Qrc effect relationship, it doesn't look |ike nuch

14 but it is statistically significant. The p was

15 | ess than 0.0001. What it said was when you | ook

16 at the solution to those fixed effects is that for

17 every 100 ng/m increase in concentration QIc

18 going to go up 2.2 nsec. |If you |look at where Cnmax

19 is on the previous curve, 400 ng/m, QTlc in th

20 study is going to go up 8 nsec. That is not a drug

21 effect. That is a total artifact. So, you have to

22 be careful
23 So, | said, okay, what if | contro
24 baseline? As ny baseline | amgoing to use ny

25 pre-dose sanple. This is a real comobn way of
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anal yzing retrospective phase 1 QIc data because
these studies are often done where the patients
come into the clinic; they get their ECG and then
they are dosed with the drug and then they get an
ECG maybe at Cmax and then again off-study. The
question then becones, you know, is there a QlIc
effect? Well, the only baseline you got is the one
at time zero. So, when you do that you get the
same results. | nean, you are just subtracting out
a constant. You get exactly the sane effect.

So, this is the pitfall of using a time
zero baseline and doing your QT analysis. You can
get a total artifact and be totally fooled by it.
The only way to avoid this is to do a
poi nt - by- poi nt baseline correction

[Slide]

Here is another sinulation that | did. It
is a very sinple one. What is the fal se-positive
rate of these metrics that we are using, that the
EMEA put forth in their guideline? This was done a
coupl e of years ago as well

A percent of subjects will have a QT nore
than 470 msec in females. This is after placebo
adm nistration. Wat percent will have a change

from baseline of 30 nsec to 60 nsec of greater than
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60 nsec?

So, | sanpled 5,000 subjects and
serially sanpled the ECG val ues and cal cul ated t he
percentages for each of these. Wat it shows is
that these netrics do have a fal se-positive rate.
For instance, for a 450 nsec change in nales the
baseline false error rate is 1.5 percent. So,
under these netrics you are going to have a Qr
effect in your analyses. The questionis, is it
real and is it inportant?

So, by using sinulation in your study you
can help interpret the results fromyour analysis
so you can show, well, if concentration is
i ndependent from QT, then this would be ny
false-error rate. This is what we showed with the
drug. So, now we can interpret the rel evance of
t hese percent ages.

[Slide]

This goes back to a different drug. W
did a pop PK analysis on it. W did a QIc analysis
of it. W sawthat there was a QT effect with this
drug. We were convinced it was real. W found out
that body surface area was an inportant covari ate.
The idea was that we would do the PK/PD anal ysis

for identifying the inportant covariates and then
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use simulation to determ ne the inpact of those
covariates on the Qr and with or not we needed to
do any studies in special populations, |ike maybe
obese versus anoretic patients.

It turned out that once we did the pop PK
anal ysis we only found one covariate, which was
BSA. It was on interconpartnental clearance which,
if you think about it, is probably not going to
| ead to anything but we continued the exercise
anyway and | will just go through the notions for
you because it is an informative exercise.

[Slide]

The question was is BSA and i nportant
covariate? This was our change from baseline
nodel . W showed that there was a 2.94 nsec
increase for every 10 ng/m with the drug. This
kind of plot--and | showit to clinicians who are
unfam liar with popul ation data or with ECG data,
they look at this and they go, how in the world?
mean, this is all over the place. You can't fit a
nmodel to this. So, you had better have a good
answer for that question when it becones tine.

[Slide]

What | did, | sinmulated the placebo

| ead-in day and then concentration-tinme profile for
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1 150 subjects at steady state. W took the
2 wor st - case scenario. W dosed from10 ng to 60 ng
3 once daily and we varied the body surface area from
4 1.2 m 2to 2.2 n2. W sinulated

the pl acebo data and

5 then we added on the drug effect. Fromthat we

6 cal cul ated the standard netrics for assessing QI

7 prol ongati on and we conputed the nmeans by dose and

8 weight, and we fitted a response surface to this.

9 Now, there was nore to this analysis. W |ooked at
10 the percent of subjects having val ues nore than 45,
11 etc., etc. but I will just show you the nean
12 profiles.

13 [Slide]

14 When we got through at the end of the day,
15 we saw that there was a linear relationship with
16 dose. That is the axis, over towards the right.

17 But BSA, as you night expect, had no effect on QT
18 interval so we felt there was no need to do any

19 further studies with weight as a speci al

20 popul ation. W saw that the 5 nsec point was at

21 the 60 ng dose. Cinically, we were planning on
22 going to phase 3 studies with 10 ng and 20 ng. So,
23 we felt we were at a pretty good place on the

24  concentration-effect curve.

25 [Slide]
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Here are the males. It is the same thing,
just alittle shifted. So, at this point we felt
that there was no further need to do any speci al
popul ation studies with weight as a covari ate.

[Slide]

The last application | want to show you is
using simulation to test the power of a phase 2
study where now you are given a study design and
you want to know what is the probability of
detecting a true QIc effect-response relationship
in that popul ati on.

This is what the project nmanager gave ne.
He said, |ook, we are going to do 10 ng, 20 ng, and
40 ng in a three-armstudy. They are going to get
dosed every day for 8 weeks. | want to collect
ECGs on screening, week 4, week 8, at zero and 8
hours post-dose. We will collect 4 hours post-dose
because we know that is around where Tmax is. W
are not sure of the sanple size; we are flexible on
that. You can help us on that, but 30 to 120, that
is kind of what we are | eani ng towards.

So, a varied the sanple in 30 to 120 by
10, and | just analyzed the results using nixed
ef fect nodels, using sex, day, tine wthin day,

concentration at baseline as the fixed effects and
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i ntercept and concentration as random effects
bet ween subjects. | repeated the sinulation 250
times.

There are two ways you can analyze this
data. You can treat concentration as a continuous
random variable. you can treat dose as a
conti nuous random variable or you can treat dose as
a categorical variable. 1 think in the |ast
nmeeting that we had here there was a di scussion on
categori zing continuous variables and its effect on
power .

[ Slide]

Here is an exanple of what coul d happen
The solid circle is when concentration is used in
the nodel. The squares are when dose is either
continuous or dose is categorical. You can see
that when you categorize dose the power becones a
little bit smaller, but by far the nost powerful
metric was concentration. But even with 120
subjects we only had a 60 percent chance of
detecting a true QIc effect. So, | told themif
you really want to power the study to find
somet hing, you are going to have to go back and
either increase the sanple size or conme up with a

better design.

file:///IC|/Daily/1117phar.txt (155 of 318) [12/5/03 2:02:02 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

[Slide]

But there are a lot of unresolved issues
inthis. There are a nunber of issues that the
gui dance does not address and | just want to raise
those. One is the choice of the covariance matri x.
A |l ot of studies have shown, particularly in the
linear m xed effect nodel literature, that the
choi ce of the covariance matrix can have a prof ound
ef fect on whether you detect fixed effects. So,
how you go about choosing that covariance matri X,
whi ch one to use, has not been addressed yet.
Should it be sinple? Should you treat the
i ntercept and concentration as independent? Shoul d
you allow themto be unstructured? You know, how
shoul d you do this?

And, what about within-subject
variability? These observations are probably
correlated. Every analysis that | have seen so far
has treated the within-subject variability as
i ndependent, which is probably incorrect.

[ Slide]

When | did the | agged residuals on an
anal ysis froma couple of years ago, this plot is a
lag 1 correlation plot. So, this is the residua

agai nst the observation next to it. Hereis lag 2
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which is the correlation between two observations
later. You can see that the correlation tends to
di ssipate as tinme goes on. So, treating

Wit hi n-subject variability as a sinple covariance
matrix is probably not entirely appropriate. It
may be an ARL or Toeplitz is probably nore
appropriate for this kind of data.

[Slide]

The ot her issue is whether we shoul d use
maxi mum | i kel i hood or REML estimation. This
applies if you are going to use a linear nixed
ef fect approach. You have two options,
particularly within SAS, REM. being the default.
But in order to these simulations you need to know
what the variance conponents are, and whet her you
use maxi mum | i kel i hood or REM. you are going to get
di fferent variance components.

I think it was shown about 20 years ago
that the within-subject variability is nore than
bet ween-subj ect variability but you probably want
to use maxi num | i kel i hood, whereas nopbst people
woul d probably just use REM. and be done with it.
So, you know, which estimation method is best
hasn't really been exani ned.

The other is what is the best nodel
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158
sel ection criteria? Everybody uses |ikelihood
ratio test, particularly when usi ng NONMEM but
when you use SAS you get AIC, you get BIC
corrected Al C, and which of these netrics is nost
rel evant to nodel selection | don't know.

[ Slide]

In summary, | think there are a couple of
points | want to point out. One is that using a
time zero baseline just pre-dose is probably the
wor st baseline you can use. It leads to a |ot of
artifacts in the data, the food effect in
particular, and you just want to avoid it as nuch
as possi bl e.

What ever metric you are going to use,
there is going to be a fal se-positive error rate
and the question is what can we live with. You
know, if placebo data has a three percent
fal se-positive rate, is it five percent that you
shoul d be concerned with? 1Is it six percent? You
know, if you get ten percent of your subject
meeting the criteria? Wen it is inportant and
what are we willing to live with?

Si mul ati on can be a powerful tool to help
answer sone of these questions, not only with the

agency but internally it can help you nmake
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deci sions on where to proceed next.

[Slide]

Lastly, this is nmy opinion and I am
probably going to take a little bit of heat for
this but I think we are spending a lot of tine on
Qr and | amnot quite sure exactly, totally why. |
mean, QT is really no different than any other
| aboratory paraneter. W need to decide how to
measure it. We need to decide what if inportant,
what is clinically significant. | have a theory.
This is nmy snowball theory. W started to get a
little sensitized to QI because of a couple of
drugs that mnight have shown it. Not everybody that
has a prol onged QI devel ops Torsade. W need to
nmore fully understand what are the issues relating
QI to Torsade and sudden death before we start
throwi ng the baby out with the bath water. |If the
Nl H needs to get involved, so be it. Let's have a
prospective study to really examne is this an
i ssue because all of these anal yses are
retrospective and whenever you do a retrospective
anal ysi s you have the benefit of hindsight. So, we
may be m ssing sonething here. W may be making a
| ot out of nothing.

I think that a couple of years ago when
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this first started being an issue a coupl e of
conferences were held and maybe a QI topic was held
within those things. Then sonebody el se said we
need to have a whole neeting on Qlc and the next
thing you know, we are at the FDA. Let's put some
perspective on QI and let's do this right. Let's
not just say that a drug that has prolonged QT is
the death knell for the drug. Let's be reasonable
about it. Let's understand what is the science
behind this and howit relates to patient safety.

I want to thank you for letting me speak
here today. | would like to thank Tani a Russel
and Quintiles and Danny Howard at Adventis for
hel pi ng ne bounce sone of these ideas around.

Thank you.

DR VEN TZ: Thank you, Peter. Any
questions for Dr. Bonate?

DR SHEINER: | wll start with questions
and do coments in another round. | had a question
but I think you answered it, which is that this
artifact that you think will happen is with the
meal so if you did, in fact, prevent people from
eating then maybe the zero time baseline correction
m ght be okay. |s that what you were saying?

DR. BONATE: You know, | think a nore

file:///IC|/Daily/1117phar.txt (160 of 318) [12/5/03 2:02:02 PM]

160



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

161
appropri ate study design woul d be one where
patients get |low fat meals at every neal and maybe
just small meals throughout the day. | don't think
you can reasonably prevent them from eating
t hroughout the day.

DR SHEINER: No, but it is the
confounding of the time effect which you believe is
due to a neal --

DR BONATE: Correct.

DR, SHEINER: --with the drug effect that
is the problem So, however you m ght get rid of
that tinme effect, whether it is changing the type
of meal, not getting a neal or whatever, that was
the issue, that confounding.

DR BONATE: Yes.

DR. SHEI NER: Because you didn't have the
pl acebo, so to speak, curve over tine to conpare
to.

DR. BONATE: Yes.

DR. SHEINER: That is the usual design
The other question | had was | didn't understand
what your point was about the false positives. You
said 1.5. Was it that 1.5 percent of nales, for
exanpl e, would show a QT prolongation greater--

DR. BONATE: Yes.
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DR SHEINER: Ckay, but that doesn't nean
your study would show a QT effect.

DR. BONATE: No.

DR. SHEI NER:  No.

DR. BONATE: That is just the placebo
basel i ne.

DR. SHEINER  Yes, but that is
i ndividuals. What you are saying is that you have
a threshold that says it is abnornal to be above
the following thing. Typically in |aboratory tests
when there is no biology to tell you, you take five
percent. So, actually, that is pretty good, 1.5
per cent - -

DR. BONATE: Yes.

DR SHEINER: --false positives is
actually a pretty specific |aboratory test.

DR BONATE: Yes, but in sone of the
netrics, |like the 30 msec to 60 nsec, the nunber
was 50 percent.

DR. SHEINER: Oh, | agree. That is very
non-specific. | just didn't understand. You
weren't tal king about studies at that point.

DR BONATE: No, | was not.

DR. DERENDORF: The QT intervals are a

classic biomarker. W are not interested in them
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as such but we are interested in themto maybe nake
them surrogates for other events, as you nentioned.
You said that right now the cut-off is sort of a 5
nmsec change where people get worried. |If | |ook at
the effect that you get fromyour dinner, that is
10 nsec. So, there is sonmething that | don't
understand. |f that biomarker is effective for
something as trivial as a dinner, then that is not
a bi omar ker.

DR BONATE: Well, the 5 msec is based on
a mean. So, it is based on the average across al
the observations within the day. It is conpletely
taking out the tine course of it. Wen you talk
about the food effect at dinner, that is a
particular point in tine. So, they are kind of
appl es and oranges conpari sons.

DR. DERENDORF: The question that cones up
then is what is the nechani smof these changes?
What does the food do that causes the prolongation
and what does the drug do? Are they the sane
mechani sn? Are they additive or are they two
completely different events that are manifested in
the sane change?

DR. BONATE: | inmagine that woul d be drug

dependent. | nean, not all drugs prolong QT by the
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same nmechani sm and why food does | don't know.

DR. DERENDORF Coming back to the origina
goal of this whole thing, it is that we want to
measure sonmething that tells us something,
somet hing el se that we are really interested in.
That shoul d be as specific as possible and that
doesn't seemto be the case.

DR BONATE: No, | don't think it is.

DR VENI TZ: Peter?

DR LEE: | was just wondering how
concl usi ve we can be regarding the food effect.
Wuld it be just some sort of variation during the
day that just happened to coincide with the food?
Wyul d a study conparing different foods on QI be
nore concl usive, say, giving |low fat food conpared
to high fat food? |I|f, indeed, there is a food
effect, would including a placebo armin the study
take care of the food effect, which neans that if
you see a food effect in the placebo armyou can
subtract that fromyour drug effect?

DR. BONATE: Going to your first question
about quantifying the food effect--1 know | ski pped
through the slide very quickly, but | did quantify
the food effect in this analysis and for breakfast

it was 10.6 nmsec; lunch, 12.5 nsec; and di nner was
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14.7 msec. | don't knowif it is a volune effect
or if it is a fat effect.

DR FLOCKHART: But is that an average of
an area or single time point? Wat is that nunber?

DR BONATE: It is a fixed effect. It is
nore of a shift fromthe baseline. So, the
baseline is 389. So, if you had breakfast it would
be 399. Do you see what | am saying?

DR FLOCKHART: Yes.

DR BONATE: If you think of it |ike an
anal ysis of variance, that is kind of what it is.
So, if you included the placebo--1 think if you did
the point-to-point correction you would control the
food effect, provided the same nmeal was given on
bot h days.

DR. VENI TZ: Let nme give you a possible
mechani smfor the food effect.

DR. BONATE: Sure, please.

DR VENITZ: Did you |look at your heart
rates at all? Because you are |ooking at
Bazett-corrected QI intervals.

DR BONATE: ©h yes, | didn't even want to
go there. Right.

DR VENITZ: But ny point is you mght

wel | ook at secondary effects to the heart rate
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because every tinme you eat your heart rate will go
up, as nost of us who have just had |unch can
experience. So, it mght be an artifact in your
correction. It may well be that you have

sympat hetic activation that sonehow affects
repolarization as well. So, | think it is not
unexpl ai nabl e that you see food effects on

somet hing as esoteric as the QIc interval

DR. BONATE: No, you are absolutely right.

I left this on ny slide but | wasn't going to talk
about it, but I will now, and | want to say our
"Slavic" devotion to Bazett's--1 nmean, why can't we
dunp this dog and go to sonething that is a little
| ess sensitive to heart rate? | have heard this
argunent that with Bazett's we have historical data
to conpare it to. Well, if your historical data is
wong what is the point of making the conparison?
Let's just say in the guidance no Bazett's. Wy
can't we say that? | don't know. Let's go to
Fridericia' s or sonething.

DR SHEINER Fridericia' s doesn't work
any better either.

DR BONATE: Well, it is better than
Bazett's.

DR SHEINER: Maybe, but not much. It is
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an interesting point. First of all, |I have to
correct your English there. There is nothing about
the Slavs that--

[ Laught er]

--it is "slavish." You know, | think it
is interesting. It is an artifact that | think is
very sinilar to sketcher plots and stuff Iike that.
There was a tine when you could only make a
scattergramso if you had two factors that were
af fecting what you were interested in, heart rate
and, let's say, drug or something else, you had to
get rid of one of them So, what you did was
divide it by its square root, cube root or whatever
it is, and then it just sort of persists |like body
surface area, and we know that fornmula is not the
formula for body surface area. 1In 1919 it
was--well, | won't go off on that.

In any event, what you want to do is heart
rate as a covariate. You may find that you can
find some kind of paranmetric fornula and you nmay
find that you can't. It doesn't nuch matter, but
you can correct for it and | think that sone of
this sort of stuff, you know, may go away. So,
think the general principle is we have

measurenents, |ike interval, ECG and heart rate,
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and keep them separate because now we don't have
the problemthat we can only | ook at one variable
at a tine.

DR. BONATE: Well, | think an idea
situation--1 mean, | think there is a lot of value
to individual corrections, which | think is where
you are going with that. The problemwth that is
that you need a |lot of data for an individual to be
able to make that correction. |If you have one ECG
on a person it is difficult to say what is the
correction that you use for that subject.

DR SHEINER: | amnot saying that. | am
saying we could analyze lots of data and find what
the heart rate correction in general was. |t mght
not be any particular sinple forrmula that all ows us
to then take that "corrected" thing and plot it
agai nst something else. It mght be nore
conplicated. The point is we have plenty of data.

DR. BONATE: Yes.

DR. HUANG A quick question. You
mentioned that the area under the QI tinme curve has
potential but is not really investigated. |
wonder, with the several applications that you
listed, have you tried to use that? For exanple,

in the food effect you said if you do a
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poi nt-by-point in the placebo phase you m ght be
able to correct it if they are taking the same
food, but we know that is probably not reality.
So, if it is the other neasure would it provide a
met hod to decrease the sensitivity of this
circadian or food effect? You have shown that
using AUC a | ot of other measures becone
insensitive--the differences that you would
ordinarily see that you don't see anynore

DR. BONATE: Well, | think it depends on
what your baseline is. |If you use a tine zero
baseline the AUC netric will exacerbate the food
effect.

DR. HUANG | amtalking about if you do
have a placebo. The concept paper reconmends using

a pl acebo.

DR. BONATE: Yes, if you have a tine-tine,

then AUC | think would still be nore sensitive and
you woul dn't have to worry about the food effect.
DR. HUANG Mbore sensitive or |ess
sensitive?
DR. BONATE: It should be nore sensitive.
I think you have to have the point-to-point
correction to really do this.

DR. HUANG That is what is recomended
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DR. BONATE: Yes.

DR. HUANG By the way, | think Bazett's
bei ng mentioned partly because a | ot of devices
right now are calibrated with Bazett's.

DR. BONATE: You know, in 1920 they could
probably only do the square root on a slide rule.

I don't know, that is all | was thinking.

DR. VENITZ: Wl fgang?

DR SADEE: Just a comment on the food
effect. |If you test chemi cals, drugs maybe ten
percent have a chance of causing QT prol ongati on.
Wth a neal you take in about 10,000 conpounds.

So, | think it is a chemcal effect.

DR. BONATE: Maybe.

DR VENI TZ: Any further comments or
questions?

[ No response]

Thank you, Peter

DR BONATE: Thank you

DR. SHEINER, Let ne just say one thing.
It is a biomarker and the problemis that it is
probably the heterogeneity of repolarization that
is the problemin Torsade so the average goes up if
it is areal food effect. M guess is it is also a

heart rate effect. But if it were a real effect,
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it mght be that it is a general effect with, let's
say, a vagal effect and synpathetic effect and it
is going to happen everywhere. It is not
i ncreasing the heterogeneity. Unfortunately, we
haven't got a measure of the heterogeneity or
repol arization so we take the average as a poor
measure of it. So, for drug it is one thing; for
food it is another thing. That is entirely
reasonabl e, you know, to have two different causes
of the sane bi omarker and one of them you consi der
dangerous and one you don't.

DR. DERENDORF: Oh, | conpletely agree.
It just becones a design issue. | fully agree with
your approach that the point-to-point conparison
woul d be the way to go. But |ooking at your curve
here, you need a |lot of data points to get that
sensitivity to detect the difference there. That
is going to be the issue.

DR. BONATE: Especially if you were
comparing, say, day 8 because then you would need a
day 8 point-to-point to really nake a proper

conparison. Yes.

DR. SADEE: | have one nore qui ck coment.

You nentioned 30-50 subjects or so. Their

pol ynmor phi sns in the candi date genes are associ at ed
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possi bly causatively, in a causative way, that have
a frequency maybe nmuch less than that. Since the
real danger is 1/1,000 it is not quite clear to ne
whet her 30 or 50 subjects would do. So, if you
have pol ynor phi sm as one percent that sensitizes a
particular individual to a particular chemcal, you
will not detect it.

DR. BONATE: You are tal king about the
i nk between the biomarker and the outcone. |
thi nk, you know, 30-50 subjects is nore than
adequate to deternmi ne the change in biomarker.
Maki ng the next step, you are absolutely right.

DR VEN TZ: Thank you again. Qur next
speaker is Dr. Leslie Kenna. She is going to give
us the second part of this case study on Qrc.

Case Studies

DR. KENNA: It is a great privilege to be
able to present to this commttee. | have to say
though that if Peter, with his years of experience
felt intimdated, | amgoing to try not to act |ike
a deer in headlights up here. This is a very
wonder ful opportunity.

[Slide]

My presentation has four parts. First,

will present the question of interest. Then, |
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will present data fromthe trenches to illustrate
some of the challenges we face. Next, | wll
present the clinical trial sinulation nethodol ogy
under consideration to address those issues.
Finally, I will present sone very prelininary
results. As you listen keep in mind that this is a
work in progress. W are assenbling a QT database
and devel oping tools to anal yze those data. W are
soliciting your advice today on an effective

appr oach.

[ Slide]

In the interest of safety, we would |ike
to know the effect of drug on QI interval in the
wor st -case scenario. That is, to know what
response mght occur in the case of increased drug
exposure due to, say, drug-drug interactions.

[ Slide]

As Peter said, a major challenge is that
there is trenendous variation in observed QT
response, greater than the response of interest.

[ Slide]

There is wide variability in neasured QT
interval in a given subject at a given tine in a
gi ven day.

[Slide]
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Just to give you a sense of that, this is
a plot of Fridericia-corrected QI data collected in
one subject on one particular day before any drug
was dosed. So, that is baseline, before--you can't
see that? At each point ten nmeasures were taken at
one-nmnute intervals. Just by |ooking at the data,
you can see, for exanple, that at that nine-hour
time point neasures taken one mnute apart had a
range of 15 nsec. Maybe you can't see it but this
cloud of points is shifting over the course of a
day.

[SIide]

So, not only is this response shifting
over the course of a day but a given subject nmay
have different QT response patterns at baseline,
one observed on different days and now we actual ly
have a bl ack |ine connecting basically the average
between the ten points on a given day in a subject.
You can see that the lines don't overlap from one
day to another.

[SIide]

We just | ooked at data from one subject
but if you compare subjects you can see that
different subjects have different QI response

patterns over tine.
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[Slide]

This slide provides a side-by-side
conpari son of the QI neasurenents taken over four
baseline days in two different subjects. W |ooked
at subject | but now subject K s data exhibits the
sanme overall characteristics but the pattern of
change appears out of sync with subject I. You see
all the points going down when the other subject's
poi nts are going up

G ven that we may want to detect a change
in Qr interval of about 5-10 nmsec, if there can be
about a 15 nsec change in response over
measur enents taken one ninute apart before any drug
is even given, in sone ways we are trying to find a
needl e in a haystack. That response is not
i mpossible to find but it becones very inportant to
design QI evaluation studies effectively.

[ Slide]

For this reason, we set out to reviewthe
study designs used in several recent subm ssions.

A review of several recent submissions to the FDA
reveal ed that different study designs have been
used, for example, in terns of the duration tine.

[ Slide]

To illustrate this point consider the
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definition of baseline in six recent submi ssions.
Here you see that baseline was defined as anyt hing
froma single measure taken 14 days before the
start of a QT evaluation study to over 100 EKGs
taken during two pre-dosing days.

[ Slide]

Anot her observation is that in different
studies a different response has been observed to
the sanme drug at the sanme dose. 400 ny of
nmoxi fl oxacin is recommended to be tested in
subjects to evaluate whether a trial is sensitive
enough to detect a change in QT interval. The
nmoxi fl oxaci n | abel says that it cases a 6 nsec
increase in QT interval at that dose. 1In one study
we reviewed, however, 400 ng of noxifloxacin was
associ ated with an 8 msec change in Fridericia
corrected QI interval. 1In another it was
associated with a 13 nsec change.

[Slide]

Just to show you sone key features of
those two studies, you can see fromthese
confidence intervals that case one yielded a nuch
more precise estimte of drug effect than case two.
There were sone subtle differences in terns of the

nunber of baseline neasures and the nunber of
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replicate EKGs.

So given that study design is something we
can control if it becones inportant to identify how
much of this difference between effects estimated
depends on the study design, especially if you
consider or if you imagine that noxifloxacin was
actual ly your drug of interest because, depending
on the indication and effect of 8 msec, m ght have
been considered clinically insignificant while an
effect of 13 nmsec night have rai sed concern

[Slide]

Just getting back to observed trends, we
have al so been presented with incidences where the
observed response was sensitive to the data
anal ysi s net hod.

[Slide]

For exanpl e, consider the follow ng
difference with regard to nean versus outlier
anal ysis, drug X was associated with a 4 nsec
increase in Fridericia corrected QI interval at
Tmax. The positive control in that study was
associated with a 9 nmsec change. This suggested
that the drug had less of a QI liability than the
positive control

[Slide]
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The outlier analysis, however, suggested
that the drug and positive control yielded a
simlar effect on QT interval and that this effect
was greater than that on placebo. So, this raised
the question of what data anal ysis nmethod we shoul d
trust.

[Slide]

Then consi der the follow ng exanpl e of how
the estimated ri sk depended on the definition of
baseline. |n one analysis of a particular data set
basel i ne was defined as neasures taken during a
treatnment-free period plus nmeasures taken on
pl acebo.

[ Slide]

In that case a five-fold increase in
exposure was associated with a two-fold increase in
the nunber of outlying QI neasurenents. The
appearance of a shall ow dose-response rel ationship
suggested that increased drug exposure woul d have
little effect on QT interval or that the drug was
relatively safe.

[Slide]

However, when the same data set was
anal yzed havi ng basel i ne defined as neasures taken

during the treatnment-free period only, it appeared
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that a five-fold increase in exposure was
associated with a four-fold increase in the number
of outliers. This suggested that the response was
proportional to dose and could potentially increase
with greater exposure

[ Slide]

G ven these chall enges, our goal is to
|l earn fromavailable data to aid in the prospective
desi gn of QI studies.

[Slide]

The specific ainms are to assenble a QI
dat abase fromdata in subnissions, then resanple
fromthose data and use clinical trial sinulation
to evaluate the clinical trial designs and data
anal ysi s net hods.

[Slide]

I will now shift and give you an overvi ew
of our proposed approach and then go into greater
detail illustrating each step

[ Slide]

To eval uate the success of a study design
we need to know the true underlying effect of the
drug. So, the first step is to simulate your data.
The proposal is to use baseline QI data that we

have, much like the data | presented earlier, so we
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don't have to assune a shape of the distribution
We will choose a study design and nodels for the
drug's PK and PD profile. W will then add
basel i ne response to the simulated response to
treat nment.

In any real study one only gets to sanple
the QI responses according to the study design
The next step then is to sanple fromthe true data
according to the chosen study design. Then
response will be estimated by the methods of
anal ysis of interest. W can explore those
proposed in the concept paper and those used in
recent subnissions. |In order to get a sense of how
a particular study design perfornms it has to be
repeated many tines. Finally, performance will be
quantified after all the repetitions are carried

out. One possible way to do this is by conputing

power .

[Slide]

Now just to show you our plan in greater
detail, we start by randonly draw ng baseline data

for each subject in the trial fromthe database
In the data | showed earlier we had four baseline
days of measurenments. |If we only need baseline

observations fromone day, then a particul ar day

file:///IC|/Daily/1117phar.txt (180 of 318) [12/5/03 2:02:02 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

will be selected at randomfromthese data. Here
you see ten observations for time as collected on a
gi ven day.

[Slide]

Next, dependi ng on the study design under
investigation, N neasurenents will be sanpled at
random at each tinme point in a given individua
fromthe day of baseline measures selected. Here
you can see that three nmeasures were randomy
sel ected at each tine point fromthe original data
set.

[ Slide]

G ven a study design where we evaluate two
doses--two doses because one recomrend in the
concept paper is that you would use a therapeutic
dose and a super-therapeutic dose that covers
drug-drug interactions or whatever that worst-case
scenario is for your drug--two doses of drug, and
usi ng both placebo and active controls we woul d
like to investigate the inpact of the follow ng
par aneters, whether you have a crossover or
paral | el design; single dose versus steady state
desi gn; the nunber of subjects; timng nunber and
duration of EKG neasures; the PK/ PD nodel for the

drug, for exanple, whether naximal response occurs
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at the tine of maxi mum drug concentration or

whet her there is a del ayed effect and, al ong those
lines, one nmechanismfor effect delay that we can
simulate is if the drug and the netabolite both
affect QI interval. Then, the PK nodel for the
drug woul d al so be varied. For exanple, we could
explore the effect of the clearance of the parent
and, say, an active netabolite.

[Slide]

After we have randonly chosen a baseline
profile for a subject before and while receiving
drug and before and whil e receiving placebo--so
here is baseline before drug; baseline before
recei ving pl acebo--we are going to add the baseline
to the sinmulated true response to a given
treatnment. For drug the treatnment effect over tine
m ght be as follows, QIc m ght increase with time
and decrease just due to the fact that it is driven
by drug concentration which is also rising and
falling. Then, for placebo there m ght be a slight
increase in QT that has no dependency on tine.

[Slide]

Then one adds the sanple baseline to the
true underlying treatnent effect to get treatnent

resi stant pathogen observed in a subject. The
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responses that are shown here are just what you get
when you add each of the baseline points to the
true drug or placebo effect at that tinme. Here,
for placebo you see a trend that just sinply
reflects the baseline variability in Q.

[ Slide]

In the previous slide | showed you how to
simul ate true underlying response, as shown here,
but in clinical trials, as you know, you only get
to observe the response according to the study
design. Fromthat true response, if one chooses to
sanpl e one QTc value at a given tine, then you
m ght see this response to drug and this response
to placebo. Likew se, for baseline.

[ Slide]

If you sanple three QTc val ues, for
i nstance, as baseline just before starting
treatnment, then your sanple baseline m ght | ook
sonet hing like this.

[ Slide]

Then to estimate response we perforned
sonme operation on the collected data to eval uate
the difference in response to the treatment after
baseline effect is accounted for. That is just

synbol i zed here as a minus sign. One exanple of an
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approach that you might use to do this is, for
exanpl e, you mght take the mean sanpl ed response
on treatnment mnus the nean response on baseline.
Some others are listed here and this is certainly
not an exhaustive |ist.

[ Slide]

These are not supposed to be question
mar ks. They are supposed to be arrows. This
process of randomly sanpling baseline data,
simul ati ng response to treatnent and then
estimating response will be repeated many tines
because, due to all the sources of variability
i ncluding baseline QT variability, although we have
fixed the drug effect within a given simulation
study, different trials will enroll different
subj ects causing the estinmated effect to vary, as
just show here.

Since we set the drug effect paraneters
when we design the sinulation study we know t he
true underlying response that we are trying to
detect, so we can just conpare the estinates across
all those replications to conpute perfornmance

[ Slide]

One way to eval uate how study designs and

data anal ysis nethods performis to conpute power.
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That is, given a particular study design, we can
tally up what fraction of sirmulations allow you to
detect the drug effect on QI interval when there
really is such an effect.

[ Slide]

I will now show you sone very prelimnary
results of our investigations.

[ Slide]

As | pointed out earlier, we need baseline
data to conduct our sinulation studies. The source
of the baseline data presented here are 72-hour
baseline profiles in 45 subjects. The sinulation
conditions were as follows, the trial was a
random zed, parallel design with two arnmns,
treatnment and placebo. There was a 24-hour placebo
run-in and 24 hours on treatnent. QI sanpling was
hourly from 1-24 hours post-dose. W varied the
nunber of subjects.

Treatnments were adnministered orally at a
dose of 100 ng. The drug exhibited one conpart nment
PK. PK/PD was a |linear effect added to the
basel i ne variation, and there was no effect del ay.

Anal ysi s met hods i ncluded taking the
difference in maxi rum QIc on treatnment and naxi mum

Qlc at baseline, taking the difference in the nean
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186

Qlfc on treatnment and nean QIc at baseline. These
are things that may have either been seen in
submi ssions or in the concept paper

[Slide]

This slide illustrates how PK/PD data in
40 subjects |ooked for a trial under the paraneters
just presented. As you can see, we presuned that
response was directly related to concentration so
bot h of them peaked at the sane tine, and that
maxi mum r esponse was about 16 nsec.

[Slide]

This slide shows the power of the data
anal ysis methods to find that the drug caused a
significant change in QI interval relative to
pl acebo as a function of the nunber of subjects in
the study. Each line represents a different way of
anal yzing the data. Power ranges fromzero to 100
percent where 100 percent neans the nethod
correctly identified a significant difference every
time it was used. Recall that the difference
really was significant; it was about 16 nsec.

[Slide]

As you woul d expect, all methods have nore
power as the nunber of subjects is increased. For

a given study size you see that the methods of
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anal ysi s influence how often you can expect to
correctly identify drug response. For exanple,
when we subtracted the man QI val ue at basel i ne
fromthe nmean response after taking drug, which is
the bl ack square at the highest point on the plot,
85 percent of the time we were able to identify
that the drug prolonged QT interval if 80 subjects
were in that trial

In that sane trial if you, instead,
subtracted the maxi mum QT val ue at baseline from
the maxi num QI val ue on drug, the correct response
was instead identified 55 percent of the tine.
Keep in nind that the data didn't change, just the
way they were anal yzed.

[Slide]

So, we slightly altered the study design
so that instead of collecting several neasures at
baseline only one sanple was collected at baseline
whi ch, as Peter has already pointed out, is a

horribl e way to design your study.

We exanmined the result in the top panel on

the previous slide where baseline included neasures
taken hourly over 24 hours. The bottom panel shows
the results under the sane conditions except that,

as | said, one baseline neasure was taken. You can
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see that power is greatly reduced. |If you estimate
response by subtracting the single baseline val ue
fromthe mean response on drug you only identify
significant difference between drug and pl acebo
seven percent of the time if the study has 75

subj ects. You also see that the metrics actually
flip around in terms of which was nmore powerful and
now taking the maximumis a little nmore powerful
than taking the nean.

[Slide]

As you can tell, this is definitely a work

in progress and we would greatly appreciate the
conmittee's feedback on the foll owi ng questions.
These questions could just guide the discussion but
we are certainly eager to hear what you have to

say. Thank you.

DR. VENI TZ: Thank you, Leslie. Before we

get into the specific questions, are there any
conments or questions about Leslie's presentation?

DR. SHEINER Leslie, did you sanmple the
QIc in you baseline, your 72 hours? Ws that the
Qlc or the Qr?

DR. KENNA: That was the Qrc.

DR SHEINER: So, apropos of the |ast

di scussion, it mght be interesting to sanple both
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the QI and the heart rate since they are both
avai l abl e, and then see, making this particul ar
correction you are using, whether it is Bazett's,
Fridericia's or whatever you are using, whether
there is a better way to do it with respect to that
as well. You have the potential to do it. You are
investing a lot of effort and that would be a snmall
addition that m ght have a payoff in show ng what
the price is of using this standard correction,
which we all knowisn't very good

DR. FLOCKHART: What surprised ne about
Leslie's data was that one of the things that has
been a kind of unquestioned assunption is that when
we do circadian rhythmonce in a person, that wll
be the same if we did it ten tines, but it is not.
I think that is a really inportant nessage in what
you are sayi ng.

I think the thing I am nost worried about
in this approaches, and this cones somewhat from
history, if you like, the history of quinidine to
terfenadine to, in our case, pinozide. The thing
with quinidine was--we did this in the sane study
where we gave peopl e intravenous qui nidi ne--we
woul dn't be allowed to do it now-to see if there

was a gender between nen and wonen, and if you had
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190
anal yzed that study using an averaging effect, if
you had done a circadian rhythm before on one day
and then you had done an averagi ng effect after,
you woul d have m ssed a hunbngous change because we
were sanpling for two days. |If you had actually
done an average, the average would have diluted it.
Poi nt -t o- poi nt conpari sons woul d have done the same
thing, you would have mssed this thing that |asted
no | onger than about an hour, even though you are
giving a drug that prolongs the QI 30 nsec, 40
msec, 50 nmsec, because of the very short tine
interval .

| actually don't know a drug--and | woul d
be interested if there are other nenbers of the
conmittee who do--where you don't see this cardiac
reaction to the prolongation of QI. |In three of
the drugs that | have studi ed, pinozide,
hal operi dol and zi prasi done, you see an actua
reverse, a negative Qr interval change. It is like
the heart knows sonehow that it is being prol onged
and it protects itself in a kind of rebound way.
Again, that can dilute the effect that you see.

So, timng here is inportant because, again, if you
are doi ng averages or you are doi ng point-to-point

conparison with circadian rhythnms you mss that

file:///IC|/Daily/1117phar.txt (190 of 318) [12/5/03 2:02:02 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

effect conpletely.

The other thing, you build it into your
nmodel but | think you did the absol ute best thing
to do, you built in a nodel where the tinme effect
was i medi ate. In other words, you see it right
away. oviously, you can't do that always. It is
hard for a sponsor in advance to know what that
thing is going to be, whether it is going to be
four hours. |Inmagine you have a situation where you
have a drug whose concentration Cmax is at two
hours, the Tnax is at four hours and then it is
gone, and you are | ooking for that w thin--you
know, you have a relatively short period of tine in
whi ch the thing is prol onged.

Now having said all of that, if you |ook
at quinidine itself which is a drug, you know,
known to cause Torsade. The Torsade seemto occur
in the early phases of when the drug is given,
shortly after change in dose or shortly after a
rapid infusion. It is debatable whether a decrease
m ght do that as well. But it is very possible
that averages are not the biological paraneter we
care about anyway; that a high nunber in genera
simply reflects the fact that at sone tine points

you are much hi gher than that, or you are changi ng
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qui ckl y.

So, | think the nodels you need to put in,
in ternms of delay--1 think the netabolites are a
totally appropriate nodel and it could actually be
that a delay in a netabolite would sinulate that
perfectly well, | think. The nodels that you need
to build in need sonetines to be nodels that can
that can pick up sonething that happens over a
relatively short period of tinme during the dosing
i nterval .

DR. SHEINER: So, what you are saying, and
I think it is a good idea, is that you consider
other nodels for the drug effect. You add that one
that was perfectly proportional to concentration
I am fascinated by the adding one that goes up and
then has a rebound and then comes back to baseline
because that, you know, with the averagi ng, would
really create havoc for anybody to detect it. You
can do all this stuff with simulation. | think it
is a nice opportunity.

DR VENITZ: | would al so suggest, as Lew
al ready said, not only to ook at heart rate as a
covariate to explain your QI, but |ook at drugs
that change heart rate and QI at the sane tine. W

are going to hear about sotalol in a mnute which
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does exactly that.

DR. KENNA:  Ckay.

DR VENITZ: So, can you differentiate the
primary effect of heart rate on QI versus the
intrinsic effect that the drug has on prol onged
repol arization? That might be a significant issue.

DR. SHEINER: This is a quick question
What do you have, 48 patients that you are
resanpling fronf

DR. KENNA: When we resanpled there were
45 | believe.

DR SHEINER: |Is there any thought on
whet her--it is a funny thing, it is 5,000
sinmul ati ons but 48 distributions. You kind of
wonder how you shoul d trade those things off.

DR. DAVIDH AN:  Yes, | was wondering that
myself. | amnot sure; | amnot sure exactly what
I think. That is what you have available, right?

DR KENNA: Yes. Well, we have other data
so we are up to about 100 subjects having four
basel i ne days. Peter had an approach to address
that issue, and it was if you assune that there is
no diurnal variation he would pick different points
on the tine axis and shift it that way so that you

were getting a difference. Peter?
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DR LEE: Yes, if you have a continuous
measur enent and you don't assune that there is a
circadian variation that doesn't repeat itself,
later if, for exanple, you want to sinulate to
basel i ne you could pick, say, a 12-hour baseline
here and then pick another 12-hour baseline even
over the original 12 hours. Wth that approach you
could literally get hundreds, thousands of
simul at ed baselines with 50 subjects or even 100
subj ect s.

DR. DAVIDI AN: | just have a question
Did you sinulate a case where there was no
treatnent effect and see what the power is?

DR. KENNA: This is Peter's call.

DR LEE: Yes, there is a placebo arm and
there is a treatment arm So, there is comparison
bet ween pl acebo and treatnent.

DR DAVIDI AN: So, when there is no
treatnent effect at all--you had that hunp, right?

DR. KENNA:  Yes.

DR DAVID AN: So, what if you just had
the same?

DR. KENNA: Yes, there is a placebo arm
wi t hout any effect.

DR DAVI DI AN: Suppose there really were
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no treatnment effect, you are doing it at 95
per cent - -

DR KENNA: Yes, | guess we are revealing
our regulatory spin, which is looking for the fal se
negati ve- -

DR DAVID AN: Sure. | was just wondering
because sone of these powers that are higher than
others mght be the fact that at no treatnent
effect it is, you know, not consistent there. So,
that could possibly carry over to where there was a
treatment effect.

DR SHEINER: Let ne ask you about that
because they are doing pretty standard statistica
tests. | mean, once they have their statistics
they are doing a pretty standard test on it. So,
do you really think it isn't operating at the
right--

DR DAVIDIAN. | would expect it were but
just for conmpleteness | would do it, just to be
sure, just in case there was something strange
goi ng on, you know, working with these maxi nuns, or
whatever. | don't know. | would think it would be
fine, but just to be sure.

DR KEARNS: Leslie, | amgoing to ask you

a question that is theoretical and probably a
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little unfair but it is after lunch, so. | am
sitting here, listening to all this and | ooki ng at
your excellent presentation and thinking, well, the

approach is evolving on how to exam ne QI data.

So, sonmetine we are going to cone up with sonething
that is going to be predicated froma |lot of adult
studies, and | amthinking about the pediatric
worl d where--and | should publish this--we observed
in a study of cisapride what | have called the
pacifier effect on QI. If | have a baby and | am
doing an ECG getting a reasonable QI and the baby
is crying, and | neasure it and | put the pacifier
in the nouth of the baby it changes. It changes
very quickly, which has nothing to do with diurna
anything. So, how do we take this and apply
factors in another population that may drive this
whol e thing in a much different way?

DR KENNA: Then, the other thing to
consider is that both of us have | ooked at baseline
variability, and Peter |ooked at pl acebo
variability, | don't knowif the drug effect on top
of that is sonehow an interacting conponent or if
that is just additive on top of that. So, that is
anot her thing to consider.

DR JUSKO | have a question that kind of
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relates to the underlying mechanism Dr. Lee

poi nted out that nost of the studies that he found
nost believable with terfenadine were nultiple dose
studies. Dr. Bonate did simulations based on the
mul tiple dose regi nen. Mdst of what you presented,
al t hough you proposed doi ng steady state
experinents, is based on a single dose exposure.

Is it known with these drugs whether the duration
of exposure is a factor in changing QIc interval s?

DR FLOCKHART: That is partly what | was
trying to get at. | think it goes beyond that. |
think the actual risk you are incurring mght be
different for different drugs. So, in the case of
Sel dane, you know, the studies that Peter Honig did
were steady state studies in which he did see a
real increase. That is where the 6 nsec cones
from He could see a real increase when he
measured the QI before the dose in that kind of
trial design.

Lots of other people did sanpling in other
ways and m ssed that effect. But if you |ook at
the real tine effect in Peter's studies there was
absolutely no debate that in a short period of
time--we did a simlar thing with pinozide. There

was a short period of tine when it was
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unquestionably prol onged and then it goes away.
The problemis, and the thing | amtrying to figure
out howto do in terns of statistics, if you have
the possibility--if you have a data set there and
it is possible that out of a 24-hour tinme interva
you have 3 hours during which it is prolonged, and
you don't know when that is. It might be
imediate; it mght be 8 hours later. How do you
do a statistical test that allows all the multiple
conparison testing, and all the other things you
guys do, to pick that up? Does that really hurt
your power or can you design it in such a way that
you are able to sinmulate it well enough to pick it
up?

DR SHEINER That is a little bit |ike
what the nmaxi num does. | don't |ike the naxi num as
a statistic. You just pick the |longest QI you saw
all day long. In a way, it is saying let's find
the worst point, and you can do statistics on
anything. So, the nice thing about this kind of
simulation thing is you could add in an effect
whi ch was essentially a spike at six hours, even
though the dose was given at time zero and the
concentration didn't spike then, and anal yze that.

What is the kind of design, what is the kind of
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anal ysis that, under the constraint that it have
the proper operating characteristics under the
null, gives you the greatest power? The greatest
theoretician could tell us but otherw se you could
just grind away and find a reasonabl e one.

DR LESKG | don't know if you had
nmentioned this or not, but in the six studies on
that one slide--six drugs, | should say, which
represent six studies, what was the range of
subj ect nunbers across those studies? Wat was the
sort of range between subject variability given the
di fferent baseline nethodologies? It was slide
nunber 12. What was the range of subjects in those
cases?

DR KENNA: In terns of the nunbers?

DR LESKG  Number of subjects, yes

DR. KENNA: They were fairly simlar. |
woul d say anywhere from about 40 to about 60
subj ects seens to be what we are seeing.

DR. LESKO And how about the variability
wi thin each case given the way the baselines were
vari ed? For exanple, which one had the highest and
| owest variability?

DR KENNA: Between confidence intervals?

I woul d have to go back and take a | ook at that.
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DR LESKO | was wondering did the
studies control for diet or food effects at all?
How much attention is paid to that in the study
desi gn?

DR. KENNA:  Well, | know they pay a |l ot of
attention to when they are going to sanpl e bl ood.
They definitely lay out that they don't want to
poke sonebody and then do a QT interval. | haven't
seen so much in the way of food till nore recently.

DR LESKO Yes. Is it controlled, do you
know, from placebo to drug?

DR KENNA: | think the neals were the
sanme for all arnms of the studies, but in only two
of these six | believe were nmeals really paid
attention to.

DR VEN TZ: Any additional conments or
questions for Leslie? Yes, go ahead.

DR. MCCLECD: One thing you may want to
start thinking about including in your nodel in the
future is going fromthe QI interval to Torsade de
poi ntes because that is what is cared about. You
can now nodel in either allele frequency for the
hi gh ri sk genotypes or preclinical data on
sensitivity of HERG whatever other channel to the

drug. | knowit is premature to include it now
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because you are generating the front end, but that
way you get to a point where it night get to what
Peter tal ked about at the end of his tal k where you
can stop using to kill drugs and start using it to
better select drugs in an earlier setting.

DR. KENNA: That is a great idea. Thanks
you. Thank you very nuch.

Conmmi ttee Di scussion

DR VENI TZ: Thank you, Leslie. [If you
don't mnd, can you post the questions so we can
kind of go through themone at a time? | think the
first one is asking for the commttee's input on
addi tional study design points for the anal ysis.
Any additional comrents on study design?

[ No response]

Then what about question nunber two?

DR. FLOCKHART: Lew and | were talking
over here. | think the thing about the maxi mum-it
is so easy to critique but often it actually
represents the nost inportant thing you are going
after and it is what, in nmy experience, is very
often the nost valuable thing. The problemis that
to determ ne whether the maxi numthat you actually
determne is not just a random fluctuation

So, in study designs it would be possible
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202
to figure out how many patients you needed to study
to figure out where the maximumis basically in a
pre-study and then, subsequently, to intensely
sanpl e around that. That woul d get around the
i ssue of what we are really doing all the tinme; we
are testing for sone long period of tine in the
hope that during that period of tine you are going
to pick something up. It is not really a
time-directed thing. So, the right way to do it or
a reasonable way to do it, if you are not dealing
with sonething that stays up for days, weeks and
mont hs and then conmes down but usually you are
dealing with sonmething that does this, is to
determne where the tine is first and then
intensely sanple right there, and Leslie's nodel
woul d be great to test that in. You could
basically figure out how nmany patients you needed
to get power to do that for a given change

DR SADEE: It is not quite clear to ne,
since this is such a major issue for the industry
and can cost extraordi nary anounts of nbney one
woul d I'ike to ask what woul d be the best way of
studying this. The way | would go about it, and
there is a lot of literature, if we agree that

pol ynor phi sns do play a role in whether or not a
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203
person responds nore or |ess, a conpany woul d go
ahead and sanple, let's say, a 1,000 patients and
genotype those 1,000 patients to get a fair
representation--or let's say 2,000 and sel ect 50
patients that are representative of the major
phenotypes, in which case one would have nuch
greater assurance of seeing unusual reactions that
one woul d have to then treat very carefully, nmaybe
with | ower doses, because one is probing exactly
wher e one shoul d be probing.

So, | amnot sure. That wouldn't be such
a big expense to actually find these peopl e because
apparently it is done with every single new drug.
So, that would be ny suggestion

DR FLOCKHART: Are you sayi ng, Wl fgang,
to sinply collect the DNA and keep it? | nean, |
woul d totally endorse that, but actually finding it
ri ght now woul d be--1 nean you woul d have to take a
trip to Stockholmto be able to do that right now.

DR. SADEE: Well, there are a |ot of
pol ynor phi sns known and the five candi date genes so
you and you just then would sanple a popul ation for
these 15 mmi n pol ynorphi sns and sel ect your study
popul ati on of 50 peopl e.

DR FLOCKHART: Well, | think there are a
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number of issues there. One is | think we have
registered that the five candi date genes only
explain only about at third or, at nost, a half of
the total deal. So, we would be nmissing a half to
two-thirds by doing that. | would never argue
agai nst collecting the DNA; | wouldn't do that.
think right now though it would be incredibly hard
to do. You have so many variants and so many
genes. | nean, there are nore than 500 you woul d
actually have to put in the pattern. You m ght
mat hematically be able to do that but at the nmonent
it would be extrenely challenging | think

DR. SADEE: It woul d be chall engi ng but
consi dering the anpunt of noney that goes into
studying this and the failures, and if you really
woul d catch half of the problem!| think it would be
wor t hwhi | e.

DR SHEINER: You are not tal king about
simulati on now. You are tal king about an
enri chnment design where you have a bunch of people
and you keep on having them cone back every tine
you have a new drug and say you are a panel. |
think that is a kind of futuristic vision and
think it is a good idea, although the safety issue

woul d be sonething that people--but | guess you
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woul d watch them very carefully and | suppose you
could do it.

DR VENI TZ: Just a nore general comment
along the sanme lines, | amnot sure how rmuch | onger
it will be ethically justifiable to actually expose
i ndi vidual s, w thout having genotyped them to
positive controls. You would obviously enphasize
the need or at |east the possible need for positive
controls to rule out baseline changes. Wat that
means is that you know a healthy volunteer, who is
not going to benefit other than the stipend that
you pay him is going to be exposed to a risk

DR FLOCKHART: But we are doing that. W
are doing noxifloxacin in positive controls al
over the place.

DR VENITZ: And | amsaying wait unti
the 1RBs get full understanding of what we are
testing for and it may not be perm ssible any
longer. That is what | ambasically telling you

DR. HUANG Jut to clarify, you are
suggesting that maybe certain subjects with certain
genotypes, that we actually recruit themto the
study. A lot of tines our study protocol will
pre-specify subjects with certain prolonged QIs are

not qualified. So, in a way, you are sayi hng we

file:///IC|/Daily/1117phar.txt (205 of 318) [12/5/03 2:02:03 PM]

205



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

want to nodify the protocols purposely to include
subjects with baselines that are higher than
normal, than the usual Iimt that we have set up

DR. SHEINER: | think it kind of goes
agai nst--how can | say this?--the current
phi | osophy which would say let's find the biomarker
like the QT, bad as it is, that regular people can
demonstrate w thout danger, which we believe is an
i ndi cator that the people who have a high
propensity will get into trouble, and that will
occasional ly knock out drugs that weren't going to
bet anybody into trouble and it will occasionally
mss things. But | think that is nore sort of in
the phil osophy. Wat you are suggesting is a very
enpirical approach, which is let's get the people
who are in trouble and try it on them under
conditions we can control, so we will know for
sure. | think the whole phil osophy, if you will,
of clinical trial sinulation is that you are doi ng
all this kind of stuff with the data to see how we
ought to best test this is nore in the direction of
trying to see what we can do without actually
exposi ng peopl e who could get hurt.

DR VENI TZ: Any other coments about

question nunber two? Oher nethods? We talked
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about genotyping, preslecting.

DR. SHEINER: | just wanted to add | think
it is a very powerful tool and | |ove the idea of
sanpling fromreal data. | nean, that at |east

gets you away from having to make a bunch of
assunptions that you can't justify about
distributions, and if you have |lots of data--that
is one of the things | have always thought, that
the FDA is in a wonderful position. They have all
this data that is handed to themin a nore or |ess
machi ne-readabl e form and they can do these kinds
of simulations. They are limted only then by the
ki nds of subject matter inmagination, like the sort
of thing David was suggesting, that those nodel s
for drug effect be varied across a nmuch w der range
than just proportional to concentration. | think
you may well find that there are some designs that
are, you know, much better than others and that is
at least a place to start.

DR SADEE: |If there are limts as to what
the QI interval would be and those individuals who
are truly at risk would be excluded, then | do see
a problemwith it. So, maybe one shoul d ret hink
that because you could then say, well, these

i ndi vi dual s shoul d be exposed to naybe one-tenth of
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the dose so that the risk is reduced because
eventually, if you don't test these individuals,
you will hit themwi th any new drug com ng on the
market and it will cause fatalities. So, there
must be sonet hi ng about how can we prevent this
type of risk by tests that are nore forward | ooki ng
and nore realistic, and at the same tinme not put
peopl e at risk.

Alteratively, | don't know whether one can
study cardi onyocytes directly el ectrophysi ol ogy but
| suggest that to conpanies that deal with stem
cells. They could turn theminto cardionyocytes
and genotype them and have a panel and that would
be anot her methodol ogy to |l ook into in vitro.

DR VENITZ: Let's nobve to the |ast
question, question nunber three, clinical design
el ements to identify meaningful change in Q.

DR KEARNS: One of the comments that
Leslie made at the beginning of her talk was about
the attitude perhaps of the agency for |ooking at
this with sone kind of idea of wanting worst-case,
especially for drug-drug interactions. | think
something that is critical in an interaction study
i s understanding the potential of both drugs to

have an effect on QI, which has not been done
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uniformy. There are a |ot of assunptions in the
3A4 interaction arena that if you give an inhibitor
and you increase the AUC of the drug that can alter
Qr that you will automatically increase the risk
only to find out that the inhibitor also has an
effect. That wasn't in all cases assessed
i ndependently. So, | think it is critical to think
about that before making generalizations because
the inplications of a pharmacodynam c interaction
here may be far greater than a pharnmacokinetic
i nteraction.

DR VENITZ: | don't have a comment but |
have a question. Wat is a neaningful change in QT
that you are trying to identify? GCbviously that
drives your own neasurenent mechani snms. So, what
is considered to be neani ngful so that you have a
decent target that you can shoot for, because
don't know what it is?

DR FLOCKHART: It is Sel dane right now,
it is terfenadine right now That is what it is.

If it is like terfenadine it is neaningful

DR VENITZ: | guess | amtrying to point
out that, as rmuch as | understand what you are
trying to acconplish in terns of trying to find

very small differences and correcting for as nany
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of the unknown variances as possible, that doesn't
gi ve you a neani ngful change. That just gives you
a change that you are able to detect with lots of
sophi sticated nethods. | am personally not
convinced that a 6 nsec change in whatever the mean
Qlc is a neani ngful change.

DR FLOCKHART: Well, let ne just expand a
little bit. Ooviously the 6 nmsec only | ooks at one
side of the equation. It is a risk/benefit
anal ysis. Seldane is kind of easy to beat on
because the efficacy of treating a bit of a stuffy
nose is not considered sufficient benefit for a |ot
of women to die. But in many, many, many
situations we are not tal king about that; we are
tal ki ng about drugs that add real benefit for
people. So, it is 6 nmsec wei ghed agai nst sonething
that we really have to deal with nost of the tine.
So, | think 6 nmsec for Seldane is really the
outside end of it. It is the nost extrene
situation where you have relatively little benefit
and a very significant harmrelative to that.

W haven't tal ked about how we are
wei ghing, but | think the answer to that question,
what is clinically significant, actually varies a

| ot dependi ng on what benefit. It is not |ike
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drugs are bad or drugs are good. | nean, these are
paraneters, unfortunately, of benefit versus risk

DR LEE: | also have a question. That 6
msec or 10 nsec change, are we tal ki ng about change
from pre-dose or change fromthe average over 24
hour s?

DR. FLOCKHART: The way it was used with
Sel dane; the way it was used with terfenadine,
which is the change | believe fromthe average of
one day versus the average of a steady state
treat ment day.

DR BONATE: | have a coment. W talk
about terfenadine as the gold standard but let's
not forget how many mllions of people took
terfenadi ne when it was the nunber one selling
anti histanmine on the market for years, and years,
and years, and how many cases of Torsade were
reported. |s there any reasonabl e expectation that
in a phase 3 study we are going to be able to
detect a QI change of significance for Torsade or
are we fooling ourselves? | nean, is this a
post marketing thing that we should be considering?

DR. FLOCKHART: Well, no one woul d suggest
that we actually want to power it to detect

Torsade, | hope.
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DR. BONATE: | think it is just a matter
of perspective.

DR, HUANG And | would add that know ng
terfenadine and its netabolic pathway, with our
current recomrendation we really want to push the
exposure up. | nmean, the terfenadine itself may
not really pose a significant problem it is when
it is used with an enzyne inhibitor which greatly
i ncreases exposure where you can actually see
pl asma | evels with the contenporary detection
method. It is really the maxi num exposure that
woul d have QT effect. |If this drug is not
met abol i zed, has no interactions, it is not really
a big concern and it would not be a gold standard.

DR VENI TZ: Any further comments or
questions?

[ No response]

Thank you. Then, we are going to nove to
our next topic for today, and that is a pediatric
topic. Here we are going to review the pediatric
decision tree that we heard about in both of the
previ ous neetings. Again, | amgoing to ask Dr.
Lesko to give us an introduction to the topic.

Pediatric Bridging: Pediatric Decision Tree

I nt roducti on
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DR. LESKO W are going to switch gears
on you again and cover, as Dr. Venitz said, further
di scussions with the pediatric bridging area and
the pediatric decision tree. | will be up here
relatively briefly to introduce the topic before
turn it over to some of the others

[Slide]

This is the pediatric decision tree that
was posted as an addendumto our Exposure-Response
Quidance, and it is really a general framework that
we have been dealing with in assessing pediatric
approval s and extrapol ations of efficacy from adult
dat abases.

In the decision tree | have highlighted
with underlines a few things, as you can
see--simlar disease progression; similar response
to intervention; and simlar concentration-response
rel ati onshi ps; and then down bel ow, on the
right-hand side, simlar levels to adults. So,
simlarity comes into play in practical
applications of this decision tree and part of what
we want to |l ook at today is what does that exactly
mean, what does that simlarity mean both
conceptual ly and what does it nean quantitatively.

[Slide]
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The background in pediatric bridging
refers to the extrapol ati on of efficacy. It
doesn't refer to the extrapol ati on of safety.

Saf ety and dosi ng nmust both be deternmined in the
pedi atric popul ation. W also have sone

concl usions that we have to nmake fromt hat

pedi atric decision tree, simlar disease
progression, simlar responsive to therapy and al so
sim | ar exposure-response rel ationships.

Many factors come into play in applying
this decision tree in a regulatory deci sion
framework. Some of those factors include the
bullets on this slide--prior experience with the
classic drug, whether it is first in class or one
froma well-known class; what data might be
avai l abl e from ol der children; age-defined subgroup
differences and efficacy that we mght be aware of;
the preval ence of the disease in various age groups
and we are tal king about a host disease or a
di sease that involves a host and either m crobes or
viruses. So, all of these factors cone into play
on a case-hby-case basis to interpret the decision
tree.

[ Slide]

There are sone clinical pharmacol ogy
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i ssues in here. PK and safety may provide enough
data to extrapolate the adult efficacy and define
the pediatric dose, but that really leads to two
questions. Wen nay the concentration-response
relati onship differ between adults and pediatrics?
What is it we know about that? Secondly, how
should the simlarity or differences between
exposur e-response rel ati onshi ps be determ ned? So,
these are pivotal questions that we are going to
focus on today.

[ Slide]

The way we are going to do that is to | ook
at two case studies. These are exanpl es of

di fferent approaches to the pediatric extrapol ation

and dosing. They illustrate different principles.
Then the case studies will lead to a genera
approach that will | ook at conparing PK to

rel ati onshi ps between two populations. Finally, we
will close out this session with sone input from
research experience with Dr. Kearns in the use of
the pediatric decision tree in conducting trials,
and the regulatory experience fromDr. Bill
Rodriguez in ternms of applying the pediatric
decision tree in regul atory deci si on- maki ng.

Now, the questions for this session, which
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1 we will get back to at the end but just to | ead
2 into them would be basically to provide a case
3 study perspective; provide sonme feedback on the
4 current use of the pediatric decision tree in the
5 framework of the case studies that will be
6 presented. W are |ooking for sone input on the
7 met hodol ogy that will be presented to determ ne
8 simlarity of exposure-response relationships and
9 then, finally, maybe sone discussion around the
10 assunptions that are inherent in terms of adjusting
11 dose and exposure, and under what circunstances the
12 assunption of simlar exposure response m ght
13 deviate what we think it to be.
14 So, with that in nmnd, | will transition
15 to the first presentation.
16 DR VENI TZ: Qur first speaker is Dr.
17 Peter Hinderling. He is with the Ofice of

18 Clinical Pharmacol ogy and Bi opharnmaceutics. Peter?

19 Case Studies

20 DR. HI NDERLI NG  Thank you.

21 [Slide]

22 It is a particularly interesting situation
23 I find nyself in because | will discuss with you

24 the data, now as a regulator, that | previously

25 obt ai ned together with nmy coll eagues in the
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pharmaceutical industry. Also, | would like to
poi nt out that the data that were obtained were
obtained in 1999, which is four years ago.

[Slide]

So, sotal ol pediatric decision tree and
exposure-response relationship: First of all, I
woul d like to talk about the indication of sotalol
in adults and briefly sumarize the inportant
phar macoki neti ¢ and pharmacodynam ¢ characteristics
of sotalol. Sotalol in adults is indicated for
life-threatening ventricular tachycardi a and
ventricle fibrillation, and a little bit later also
an indication for nmaintenance of sinus rhythmin
synmptomatic atrial fibrillation and flutter.

The PK of sotalol in adults is |inear
There is high bioavailability. The drug is largely
excreted unchanged and the half-life is about 12
hours. The PK/IPDis linear with respect to C ass
Il antiarrhythmic activity as well as for
bet a- bl ocki ng activity.

| also would like to point out that the
phar macoki neti cs of sotal ol are non
stereo-specific, however, the pharmacodynam cs are
in that the beta-blocking activity is basically due

to the L-sotal ol npiety, whereas the Cass ||
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antiarrhythmc activity is shared by both the DL
and Tl form

[Slide]

What was the know edge of sotal ol PK and
PD-wi se in pediatrics when we started the studies?
There were a few published however uncontrolled
studies in children that used the adult doses which
were adjusted for body surface area or body wei ght
and used the dosage interval which is used in
adults, nanmely 12 hours. However, |ooking nore
carefully at those studies, it becane apparent that
at the end of the dosing interval of 12 hours there
were sone breakthrough arrhythm as.

[Slide]

Study denonstration of efficacy and safety
of an antiarrhythmic in the pediatric population is
a particular challenge. 1f you think about
suppression of the arrhythmas as well as
denmonstration, for instance, of Torsade de pointes
in children, this is clearly a chall enge which
cannot be surnounted.

Basically, Lipicky--and | would like to
cite his paradi gm-proposed the followi ng: Do what
is feasible in children, see what can be extracted

and use it. |In the case of antiarrhythmcs where
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the denonstration of efficacy even in adults is
shaky, it is not reasonable to ask for efficacy in
chil dren.

[Slide]

Basically, we had to determ ne bi onarkers
instead of real clinical endpoints. The biomarkers
that one can use are the Cass IIl probes for
activity, antiarrhythmc activity, as well as
safety, the QIc interval, and then the resting RR
interval to check out, again, efficacy and safety
of the Class Il activity of the compound.

[ Slide]

Here is the pediatric decision tree which
you just saw before. 1In the case of sotalol, based
on sone of the published data, it was reasonable to
assune that there was a sinmilar disease progression
as well as a simlar response so we could say here
to both yes.

The next question, is it reasonable to
assune a simlar concentration-response in
pedi atrics and adults? The answer here is we don't
really know. So, we say no.

Is there a PD measurenent that can be used
to predict efficacy? Yes, as we just saw

Therefore, conduct PK/ PD studies to get the
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1 concentration response for the PD neasurenent.
2 Conduct a PK study to achieve target concentration
3 based on concentration-response rel ationship and
4 conduct safety trials.
5 [Slide]
6 The written request that we obtained
7 stipulated the followi ng studies? First of all, a
8 PK study, an open-I|abel, single-dose study, one
9 dose level with extensive sanpling, at |east six
10 neonates, at |east ten infants, and |least ten
11 preschool children and at |east ten schoo
12 children
13 A second study, a PK/PD study, simlarly
14 open-1label but a nultiple ascendi ng dose study
15 usi ng three dose levels, with sparse sanpling.
16 Thi s study shoul d be done in at |east either eight
17 neonates or eight infants.
18 [Slide]
19 The study protocol s--the PK study used a
20 singl e dose of 30 ng/ m

2. This | abel extrapol ates
21 fromadult data. The PK sanples, 12, were taken
22 over a period of 36 hours after adm nistration
23 The PK/ PD study was executed at three dose |evels,
24 10 ng/ m 2, 30 ng/nk2, and 70

nmg/ n2. The 10 ng was not

25 effective, we knew that; 30 was and 70 was the
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upper nost dose that could be tolerated that was
consi dered safe. W used, as you can see here, an
8-hour interval because of the breakthrough
arrhythmi as that were denonstrated in the published
but uncontrolled studies. The sanpling mechani sm
for both PK and PD was sparse sanpling. W added
for PK about 4-5 sanples. Simlarly we took about
4-5 sanples for PD. W took very carefu
nmeasurenents over the entire dose interval at the
sane time of the day during baseline.

[Slide]

A brief sumary of the nethodol ogy that
was used--the formul ati on was a syrup and
ext enpor aneous conpoundi ng procedure was used. A
very sensitive assay, LCMS/MsS that required 0.4 m
of blood. The ECG the sane type of machi ne was
used in all sites. Baseline values ruing the
8-hour dosing interval were taken. There was a
bl i nded cardi ol ogi st. Measurenment was nanual |y
using a digitizing pad. The QI heart rate
correction was according to Fridericia or Bazett.
Data anal ysis used the traditional and popul ation
approaches. PK used a |inear two-comnpartnent
nodel . There was al so a non-conpartnent node

met hod used, and the PK/ PD used a non-comnpart ment
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nmodel dependent net hodol ogy using either |inear
and/ or Emax nodel s.

[Slide]

We enrolled 24 sites for the PK study and
21 sites for the PK/PD study. Totally, there were
59 patients enrolled and the database included 58
patients with anal yzable PK data and 22 patients
wi th anal yzabl e PD dat a.

[Slide]

Here are the results. W |ooked first at
sem -log plots in four representative individuals
in all four age categories. Patient 1 was a
neonate; patient 6 was an infant; patient 11 was a
preschool child; and patient 21 was a school child.
You see that the half-life is very simlar in al
four age categories. That tells us basically that
the volune of distribution and cl earance
rel ati onshi p ought to be constant and i ndependent
of age, weight or body surface area.

[Slide]

Here we see plots of the apparent tota
cl earance agai nst the body surface area. On the
ri ght-hand side you see that these data can be
fitted by linear curves with small intercepts.

[Slide]
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On the next plot we see all data of the
entire popul ation, 58 pediatric patients, and added
to them 40 adults. You see on the Y axis area
under the curve nornalized for dose and body
surface area agai nst the body surface area. What
becones quite clear fromthis plot is that

basically down to about 0.3 m
2, children that had

body surfaces larger than that particular critica
val ue behaved like adults. They are basically on

one line. Below 0.3 m
2, which corresponds to an

age of about two years, just about the end of the
infant stage, you see that there is decidedly
| ar ger exposure.

[Slide]

Here is the dose-response rel ationship.
In red you see the beta bl ocking effect; in blue,
the effect on Qfc. On the left-hand side you see
the observed Emax. Again, these are point-to-point
basel i ne corrected values. On the right-hand side
you see the average val ue basically, represented by
the area under the curve at steady state of the
effect. You can see that increasing dose both
affect increase, but it is clear that the
bet a- bl ocking effect, like in adults, is greater

than the QIc effect.
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[Slide]

On this slide we see the inpact of body
surface area on the PK. Red now nmeans basically
the young children, the infants and the neonates,
and the blue represents the ol der children. You
can clearly see, with respect to Crmax and AUC at
steady state, that the young children, the infants
and neonates, have a | arger exposure than the ol der
children.

[Slide]

This has an inpact on the PD. Basically,
the increased effects in the PDin the neonates
conpared to the older children are sinply a
consequence of the increased exposure in terns of
the concentrations that we observed in the previous
sl i de.

[SlIide]

Here are sonme representative plots of the
Qrc intervals against the predicted sotal ol
concentrations in four individuals representative
of the four age groups. You see that QIc was
linearly correlated with the concentrations. There
is some variability, as you clearly can see

[SIide]

The sane thing can be said for the plots
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of RR agai nst the plasna concentrations. There
seenms to be a linear relationship, quite a bit of
variability.

[Slide]

In summary, we can say that the
phar macoki netics are basically |inear and dose
proportionate in children. The half-life, like in
adults, is about 10 hours and is independent of
body surface area. The clearance and the vol une of
the central conmpartnent are linearly dependent on
the BSA, and BSA clearly is the nost imnportant
covariate. It is also clear that the small est
children, infants and neonates, have greater
exposure and, therefore, need an additional dose
adj ust nent .

[Slide]

You see that in this plot on the Y axis
you have the age factor and on the X axis the age
in nonths. So, we are tal king about a person that
has an age of two years and the factor will be 1.
So, up to this point we would just normalize based
on body surface area. However, if we go to snaller
children this age factor woul d decrease to 0.5, 0.3
and we would have to multiply that factor into the

dose equati on.
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[Slide]

Wth respect to PK/PD, the doses were
tolerated well. The responses, as you have seen,

i ncreased dose dependently. Pharnmacol ogi ca
important effects were obtained for Class Il at
the hi ghest dose only for beta-blocking at the 30
mg/ m2 and 70 ng/ n2 dose. There was a trend for
greater effects in smaller children entirely due to
phar macoki netics, and the effects were linearly
correlated with the concentration. Interestingly,
it was al so noticeable that the beta-bl ocking
effect increased with body surface area. Not only
are the heart rates, of course, a function of age
but al so the beta-bl ocking effect has an age
dependency to it. Thank you

DR. VENI TZ: Thank you. Any questions or
comment s?

DR JUSKG | have two questions for
clarification. You were adm nistering the racenic
form and probably anal yzing for both the DNL and
conbi nati on.

DR. HI NDERLI NG No

DR. JUSKO What formof the drug did you
admi ni ster?

DR. HI NDERLI NG We adm ni stered the
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racem c drug.

DR. JUSKO And you anal yzed for both
forns?

DR. HI NDERLING W didn't analyze for
both forms. Prelimnary data showed that there was
no stereo specificity in terns of the kinetics, as
in adults.

DR. JUSKO And you are sure of that in
young children al so?

DR. HI NDERLI NG Yes.

DR. JUSKO  Secondly, when you neasured
the beta-bl ocking effects, | don't imagine you gave
a stress test to the different--

DR. HI NDERLING No, it was the resting
heart rate.

DR. JUSKO No, just the resting heart
rate?

DR, H NDERLI NG  You know, when you deal
wi th neonates and infants--

DR. JUSKO That is why I was wondering.

DR HI NDERLING --there are sone
limtations. But, of course, all the kids were
paci fi ed.

[ Laught er]

DR. LESKO Peter, just one clarifying
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question on the dose-response rel ationship that
compared the beta-bl ocking effect on RR the one
that conpared the percent delta Emax and percent
delta area under effect as a function of dose at
10, 30 and 70--yes, that one. These are both
relationships in children. Right?

DR. HI NDERLI NG Yes.

DR. LESKO Did you have rel ationshi ps of
this sort in adults?

DR. HI NDERLI NG Yes.

DR. LESKO And how were they when you
conpared them si de-by-si de? Wat was the shape?

DR. HI NDERLING It was basically very
simlar. The order of magnitude in adults was
simlar to that of the children. Therefore, one
could really deduce that the concentration-effect
relationship is really the same. The only
difference is really due to the fact that the
exposure in the youngest children is |arger which
can be, and has to be conpensated by the
appropri ate dose adj ustnent.

DR. DERENDORF: Coul d you explain this AUE
st eady state?

DR. HI NDERLING AUE is basically the area

under the effect curve taken over the entire zero
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to ei ght-hour interval

DR. DERENDORF: So, how many points?

DR HI NDERLI NG Five.

DR. KEARNS: | think it was very fortunate
for you in your previous life and your conpany that
Dr. Lipicky said what he said.

DR. HI NDERLI NG Yes.

DR. KEARNS: And the bar for you to do
these studies and to ultimately get approval and
exclusivity was not raised but it was |owered a bit
because | can tell you that if this were an
anti histam ne drug and there were patients that had
nore than a 500 nsec QIc, it would have died a
horrible, swift death. The trials would have been
stopped and there woul d have been nmuch worry. But
here we have a pediatric study, a small nunber of
patients and, of course, a drug that we expect to
have sone cardiac effects and the end result is
quite different. So, that is not so nmuch a
question as a bit of comrentary.

DR HI NDERING | agree

DR VEN TZ: Any other questions or
conment ari es?

[ No response]

Thank you again, Peter. CQur next case
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study will be presented by Al bert Chen and he is
with OCPB as well. Albert?

DR CHEN: Good afternoon

[Slide]

This case study is fromMerck's
nmont el ukast tablet. The brand nane is Singulair.

[Slide]

Mont el ukast is a | eukotriene receptor
antagonist. It is indicated for prophylaxis and
chronic treatment of asthma. Two original NDAs
were approved sinultaneously in 1998. One is for a
10 ng filmcoated tablet for adults and adol escents
greater than 15 years old. The other one is for a
5 ng chewabl e tablet for children 6-14 years ol d.
The dosing reginmen is one tablet Q) given in the
evening. Unlike the previous case study for
sotalol, the 5 mg chewabl e tablet wasn't approved
until the original request based on the previously
approved NDA. Therefore, this case study is to
show you the sponsor's rational e and thinking
during the clinical devel opnent for the pediatric
program prior to the NDA approval

[Slide]

This is the decision tree. | amgoing to

use this to explain this conpany's thinking and
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rationale and | will use the sane decision tree to
sunmari ze at the end.

[Slide]

I will go over adult PK dose-ranging
studies; adult clinical efficacy and safety trials
and then nove to pediatrics in sequence. Adult PK
was obtained in healthy volunteers. The basic PK
information is shown here. A nean absolute
bi oavai l ability was about 70 percent. It was about
65 percent fromthe filmcoated tablet and for the
chewabl e tablet it was a little bit higher, 73
percent. It is extensively netabolized, greater
than 86 percent of an oral dose of about 100 ny
Cl4, the nontel ukast was excreted in the bile and
through the feces. Only less than 0.2 percent was
found in the urine after five days. The parent
drug is predominant in the system c circulation
We are presenting about 98 percent of the tota
radi oactivity over the initial ten hours
post-dosing. The T half-life is about 4-5 hours.

[Slide]

The first PK study is a dose conparison
study. This is the pivotal study because it
provi ded the head-to-head conpari son between the 10

mg filmcoated tablet and the 10 ng chewabl e
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tablet. It also provided the dose proportionality
i nformati on regardi ng the chewabl e tablet.

The objective of this study was two-fold
It allows for conversion of the AUC fromthe 10 ng
filmcoated tablet to a 10 ng chewabl e tabl et,
after taking into consideration the difference in
the absol ute bioavailability, 73 percent versus 65
percent. 1t also allowed for scaling down the AUC
of a 10 ng chewable tablet to a smaller pediatric
chewabl e tabl et dose in order to obtain sinmilar AUC
as adults receiving the 10 ng fil mcoated tablet.

[Slide]

The adult dose-rangi ng i nformati on was
obt ai ned fromthe subgroups of earlier phase 2
trials. the dose range studied from10 ng Q@ up to
200 mg QD plus placebo. |In the parentheses are the
pati ents who participated

The results of the study showed that the
active treatnments were all significantly different
fromthe placebo, and no differences were found
anong the active treatnents.

[Slide]

So, based on the above observations, the
proposed dose selection for adult patients was one

10 ng dose @ given in the evening.
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[Slide]

Two adult clinical efficacy and safety
trials were conducted. Simlarly, they were
12-week studies in patients with mld to noderate
persi stent asthnma at baseline. The primary
endpoi nt was changes in FEV1l, forced expiratory
vol unme in one second, and the daytinme asthnma
synpt om score

[Slide]

These are the results obtained from
clinical trial 01 during the four visits every
three nonths regardi ng the mean percent change in
FEV1 from baseline. The nontel ukast was
significantly different fromplacebo at each visit.
The overall nean of the four visits was 12.8
percent for nontel ukast and 4.1 percent for
pl acebo. Regarding the nmean percent change in the
daytinme asthma synptom score from basel i ne
nmont el ukast was also significantly different from
pl acebo.

[Slide]

Results fromclinical trial 02--the sane
results were obtai ned.

[Slide]

Al so safety profil es between active
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treatnments and placebo were found to be simlar.
So, the proposed dosing regi nen was confirmed by
adult clinical efficacy and safety studies.

[Slide]

Now we nove to pediatric studies. Since
nmont el ukast is a new nol ecul ar entity and a new
class of drug without previous pediatric data, the
sponsor's answer to the above two questions is no
and this is for the case of 6-14 years old. So,

t he sponsor conducted PK studies and al so safety
and efficacy trials.

[Slide]

Pedi atric PK was obtained in pediatric
patients only. Study 02 is a single-dose PKin
early pubertal adol escents 9-14 years old. Two
dose levels were tested, 6 and 10, using the
filmcoated tablet. Study 03 was a singl e-dose
nmont el ukast PK in pediatric patients 6-8 years old
using the 5 ng chewabl e tablet.

[Slide]

Table 1 shows the mean PK data obtai ned
fromthe pediatric PK study 02 and al so conpares
with the adult historical data. Pediatric patients
not greater than 45 kg received the 6 ng dose and

pedi atrics greater than 45 kg received the 10 ny
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dose. This is the adult historical data using the
10 mg dose. For this age group the systemc
exposure in ternms of AUC is about 2,900. It is
very close to the adults receiving 10 ny
filmcoated tablets, about 2,700. Actually, this
value is within the nean adult AUC plus/m nus two
standard deviations. For this age group the AUC is
too hi gh.

[Slide]

Tabl e 2 shows the mean PK data obtai ned
fromanother pediatric study. For this age group
the 5 ng chewabl e tabl et dose was given. As you
can see, the AUC is about 2,900, very close to the
adult AUC 10 ng filmcoated tablet. So, based on
the dose normalization in AUC, it was concl uded
fromtable 1 after converting a 6 ng filmcoated
tablet, a 5 nmg chewabl e tablet given Q) to children
9-14 years old is expected to provide simlar
system c exposure as adults receiving the 10 ng
filmcoated tablet. Fromtable 2, sinmilar AUC in
6-8 year old patients was obtai ned

[Slide]

So, the 5 ng chewabl e tabl et was chosen
for the pediatric efficacy and safety trials.

Si nce nont el ukast was a new class of drug, this
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study was conducted to confirmthe dose sel ection
and al so to prove sonme concept and assunption which
I will explain later. | put a note here that since
the adol escents, 15 years and ol der, had simlar

pl asma profiles conmpared with adults, they were
included in the adult phase 3 trials.

[Slide]

So, for this age group of 6-14 years old
no pediatric dose-ranging trials were conduct ed.
What are the assunptions? Simlar disease
progression in asthma between pediatric and adult
patients and conparable efficacy is associated with
simlar system c exposure in terns of AUC

[Slide]

So, this pediatric clinical efficacy and
safety trial was an 8-week treatnment study in nore
than 300 pediatric patients. The nean percent
change in FEV1 from baseline was 8.7 percent for
nmont el ukast and 4.2 percent for placebo, and the
difference is statistically significant. So, the
original NDA for the 5 ng chewabl e tablet was
approved for 6-14 years ol d.

[Slide]

Now we nove to younger pediatric patients,

2-5 years old. Based on the previous successfu
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experience in dose selection, the same principle
with simlar nean AUC, a snaller 4 nmg chewabl e dose
was selected. This dose was tested in a PK study
enpl oyi ng sparse sanpling technique using a pop PK
approach. The mean AUC estimated was about 2, 700,
again very close to adult AUC for the 10 ngy
filmcoated tablet.

[Slide]

Since efficacy has been denpbnstrated in
children 6-14 years old, and the assessnment of FEV1
in the children smaller than 6 years old will be
problematic, it is decided that only a safety tria
is needed. So, the sponsor conducted a 12-week
clinical safety trial in greater than 600 patients.
There was no dose-rangi ng study conducted, nor
formal clinical efficacy trial conducted. This
study actually supported the safety of the 4 ny
chewabl e tablet in this age group and al so
confirnmed the efficacy in this age group. So, the
4 mg chewabl e tabl et was approved |later for the
children 2-5 years old. It is under interna
request based on the approved NDA.

[Slide]

After the sponsor |earned nore and nore

fromthe previous case, 6-14 years old, and they
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are willing to answer yes to the above two
questions, and to assune a simlar concentration
response in pediatric patients, and this is the
case for 2-5 years old, the sponsor only conducted
PK studi es and safety. The safety trial actually
i ncluded a secondary efficacy assessnent, and they
proved that efficacy is okay in this age group

[Slide]

I would like to thank nmy previous nedica
col |l eague Dr. Bob Meyer, Peter Honig, Anne Trontel
and al so ny supervisor, Dr. Larry Lesko and
Shi ew Mei  Huang.

DR VEN TZ: Thank you, Al bert. Any
questions?

DR DERENDORF: Yes, in the decision tree
it says that it is reasonable to assunme simlar
exposure response in pediatrics and adults. |[If you
| ook at the data that you have in adults, first of
all, you really don't have a good exposure-response
rel ati onship. You have a placebo and then you have
a range of doses that all do the sane thing.

DR. CHEN. Well, that is the phase 2
trial. Because the safety profiles |ooked very
cl ean the conpany actually precluded the

dose-response study. But with the devel opnent of
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the guidance, we will probably ask the conpany to
conduct it but at that tinme they did not conduct a
dose-response study.

DR. DERENDORF: Right, but what you did,
conceptual ly, you took one of these doses and you
reproduced the sane exposure in ternms of AUC -

DR. CHEN. Right.

DR. DERENDORF: --in children and they
al so were different from placebo, but that is
di fferent than having the same exposure-response
rel ati onshi p.

DR CHEN: That is true but this is a
speci al case and they selected the snmallest dose.

DR DERENDORF: We don't know if it is the
smal | est.

DR. CHEN. The conpany reported the
ef fective dose could be as low as 2 ng but they
submitted the report for review

DR. LESKO Just to followup and nake
sure | understand the point that Hartrmut was
maki ng, the early decision was that there was no
informati on basically to assune that disease
progressi on response to therapy woul d be the sane.
So, there was a PK study. It was sort of a

hypothesis in the first age group that exposure
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response was sinlar. Once it was denonstrated for
an ol der age group, you sort of went back to that
top box and said now | have sone data that sort of
under pins the notion that | can answer yes to both
of those, and then subsequent age groups went down
a different path.

But | think the efficacy in the pediatric
ol der children, 9-14 or whatever it was, had a
simlar change in clinical endpoints as the adults
had for simlar exposure. So, that was pretty
confirmatory at that point that the answer woul d be
yes to the first two. | think the percent change
in FEV1 was 9 versus 12, or sonething very close,
so that exposure response was simlar.

That gets to your point because if that is
the case, then what you said wasn't clear to ne,
the point you were trying to nake.

DR. DERENDORF: The point | was trying to
make is that if you don't have any data on the
| oner end of the children, which I don't think you
have or at least it is not in here, it would be
possible that there is a different concentration or
exposure-response rel ationship that you just don't
pick up. In children mybe a | ower dose woul d do

t he j ob.
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DR LESKO Ckay, so targeting the sanme
exposur e- -

DR DERENDORF: Ch, it wouldn't be the
sanme exposure. |f the exposure response would be
different, you wouldn't know.

DR LESKG Yes, we don't know t he shape
of that relationship basically.

DR. SHEINER Simlarity at one point
doesn't necessarily nmean simlarity el sewhere.

DR VEN TZ: Any other comments for
Al bert?

DR SHEINER: Let ne pursue that point
because it is interesting. Renenber, we are in a
pediatric situation and we are trying to do
sonet hing reasonable. So, if you had good safety
and you had simlar response which is acceptabl e at
one point of the dose-response curve, wouldn't
that, in the pediatric case, be enough to say,
wel |, okay, go ahead and do that? Even if it is
possi bl e conceptually that you coul d have exactly
the sane response in children, nonetheless, it is
gi ving you good response, sinmilar to adults; it has
adequat e safety and, you know, maybe it is okay.

DR LESKO Yes, it is alnost |like the

dose sel ection was based on PK but the real trunp
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card, if you will, was the evidence of efficacy and
safety in that clinical trial. Yes, the open
question is could those results have been achieved
at a |l ower dose maybe? But the dose that was

achi eved, it wasn't bad.

DR VENI TZ: Thank you again, Al bert. Qur
next presenter is Dr. Stella Machado, and she is
going to introduce a nmethod to conpare
exposure-response rel ati onships and see if they are

simlar or not.

Met hods for Determining Sinmilarity of Exposure

Response Between Pedi atric and Adult Popul ati ons

DR. MACHADO This is a great privilege,
to be here, speaking with you this afternoon

[Slide]

I will be tal king about nethods for
determining simlarity of exposure response between
pediatric and adult populations. | amwth the
Ofice of Biostatistics in CDER, and we are working
together with the teamfrom OCPB in a rea
situation, pediatric bridging situation

[Slide]

I would like to acknow edge substantia
contributions fromny col |l eague, Miyu Shen, who is

also in statistics. W gleaned ideas from many
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col | eagues, both fromwi thin the agency and

outside, and al so even fromthe |Internet.

[SIide]
This is not conplicated statistics. It is
more of a way of |looking at things. | amjust

going to talk really in generality about a nethod
for conparing two response curves with the

pedi atric popul ati on and adult popul ation. This
could be equally well applied to, for instance,
conparing between ethnic regions or conparing
response curves for gender and so on. | am
presum ng that the exposure netric could be dose,
it could be area under the curve, it could be Cmn,
what ever. The response netric could be a bi omarker
or could be a clinical endpoint.

[Slide]

The goal in bridging is to evaluate the
simlarity in PK/PD rel ati onship between adults and
pedi atrics where we have plenty of the adult data,
the original population, and the pediatric
popul ation is the new one. The concl usions we can
cone out with could be that we conclude simlarity.
O, we could conclude simlarity of shape of the
dose-response curves but with sone dose reginen

nodi ficati on needed. O, we also could conclude at
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the end of this a lack of simlarity.

When we started working on this there
really was an absence of precise guidance as to how
we should proceed. Wat | amgoing to recomrend is
that really we are in an exploratory activity at
the mnute, not confirmatory hard and fast
statistical testing situation

[Slide]

Now, we did work with a real drug
situation but for the purposes of this talk we
invented drug X and heavily disguised it so that
you can't guess what it was, the real situation
For drug X there were about 240 patients in the
adults and 120 in pediatrics. Those are nunbers
close to the original. About 40 percent of each of
the groups took pl acebo.

[Slide]

Here is our plot. Here is drug X. The
triangles are the new popul ation, the pediatrics;
the squares are the original, the adults. How do
we conpare? How do we say this is simlar or not?
It is just, gosh, what a ness!

[Slide]

Alittle bit of notations but | am not

going to go heavily into the statistics, we have a
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di fferent nunber of adult patients, generally a
smal | er number of pediatric patients. Y is our
response neasure and C is the concentration netric.
I will call it concentration but, as | said, it
coul d have been area under the curve or Cnin.
General ly, the concentration neasurenents are all
different unless you got data froma
concentration-control trial. For drug X, you saw
that the concentrations were all over the place

[Slide]

To establish simlarity we need to conpare

the average shapes of the response curves, taking
into account variability of the nmeasurenments. The
response curve depends on the exposure neasure and
sonme various unknown paranmeters. The adults and
the children may have similar response curves but
they may have different paraneters

[ Slide]

As a first step, looking a little bit
further at the data, these are lowest fits, |oca
regression lines plotted onto the data and here we
see for the first time that there seens to be a bit
of a separation between those two curves. The
upper curve is for the pediatric patients and, with

i ncreasing concentration, does seemto drift up
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away fromthe adults. So, the suggestion is that
there is sone difference here but the big question
is how nuch of a difference

[Slide]

In terms of thinking about it, what we
shoul d be doing is assessing sinmlarity between the
responses at all the concentrations that are likely
to be encountered. So, we are not interested in
postul ati ng response curves out into the very, very
hi gh doses. That is not realistic. W are
interested in the distance between the curves, |ike
the average behavi or for the popul ation and
accounting for the variability of the response. W
suggest an equi val ence type approach rather than
hypot hesis tests, trying to test that the response
is not significantly different.

[ Slide]

So, where do we start? Well, the
hypot hetical situation is to focus on what we would
do at a single exposure neasure? One single
concentration, what would we do? Well, this would
reduce to the usual equival ence-type anal ysis and
there are various ways to analyze this, different
response netrics. W could | ook at conparing the

aver age response between pediatrics and adults at
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every exposure or a conbination of average and
variance metrics, for instance a popul ation

bi oequi val ence approach or Kul |l back-Li ebl er

di stance netric, or we could actually conpare the
whol e statistical distribution, Kol nmogorov-Sm rnov
type generalization. But we chose to | ook at the
si nmpl est of these, which is conparing the average
response.

[ Slide]

Agai n continuing, we are only talking
about one concentration. W defined simlarity to
be the requirenent that the average responses in
the two popul ations, for the same concentration,
are closely simlar. W choose goal posts, for
i nstance, the 80 percent or 125 percent which are
famliar, and calculate a 95 percent confidence
interval for the ratio of the average responses.

[ Slide]

If the 95 percent confidence interval at
this ratio falls entirely within our goal posts,
then we say that the null hypothesis of |ack of
equi val ence is rejected, therefore, we are
accepting the fact that we have simlarity here.
This is the usual sinultaneous two one-sided test

procedure. So, our proposal is to use confidence
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intervals to nmeasure sinilarity, to quantify
simlarity, quantifying what was actually
determined fromthe data we have in the two
popul ati ons.

[ Slide]

Just a note on getting the confidence
intervals for this ratio, there is a bit of work
required. There are sone nmethods in the literature
based on normal distributions. |f you are not
willing to nake that assunption you could use the
bootstrap nethod or conputer sinulation. M
opinionis that it is easier to use the actua
data. Then we end up with useful statenents. For
instance, we are able to say that the average
response at this concentration, level C, anong
pediatrics is 93 percent of that in the origina
popul ati on, and we are 95 percent sure that the
rati o of these averages |lies between 83 percent and
105 percent. That is possibly a sumary stat enent
that we can deal with and nmake deci sions from

[ Slide]

Movi ng away from one single concentration
to the real situation where we have response curves
over a whole range, the easiest thing to dois to

categori ze the concentration axis into
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i nterval s--we chose five or six here--and for each
interval estimate the 95 percent confidence
interval for the ratio and interpret. A useful way
to interpret is to use graphs.

[ Slide]

Here is our drug X. That is the range of
concentrations. There are quite a nunmber of
patients receiving zero dose of this drug. It is
sort of interesting that the placebo dose actually
falls below the 0.8 | ower bound with no drug. | am
not sure what that is about. But then there is a
tendency for the confidence intervals to drift
upwar ds, outside of the 80 percent to 125 percent,
and definitely for the highest concentration range,
80 and above, and that is where we have the | east
amount of data so the confidence intervals are
quite wi de out there.

[ Slide]

| summarized that. The ratios trend
upwards and the upper limts exceed 1.25 for all of
the exposures, all the positive exposures.

[Slide]

A second way of doing it is to actually
fit a model to the data and estimate the unknown

paraneters; use the fitted nodel to sinulate the
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ratios for each different concentration and
estimate the 95 percent confidence intervals, which
we went ahead and did.

[Slide]

For fitting the nodels we actually found
that the square root of the response stabilized the
variance. The linear nodels were fitted
separately. |In the sinulation we used 5,000 pairs
of studies to estinmate different estimates of the
rati o and percentil es.

[ Slide]

Here we have a snoothed plot of the
confidence intervals for the ratio of the two
means, again showing a drift upwards. | should say
that these particular concentrations | chose for
the graph were the nid-points of the intervals that
I chose for the categorized concentrations.

Because of the nodel fitting, this picture is quite
snooth but we do see a great tendency for the
ratios to clinb, nmuch bigger than 1, and we really
see that for these higher concentrations this new
popul ation, the pediatric population, is
substantially different fromthe adults.

[ Slide]

Here is the graph of the two nethods
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conpared. The first is the pairs fromthe sinple,
strai ghtforward nmet hod of categorizing the
concentrations, and the second is the nodel fit.
They are kind of sinmilar as we would expect; it is
t he same dat abase

[Slide]

In conparing the two approaches, | really
feel that both are useful, the rough and ready one,
but then the nodel -based nethod--well, you have to
make sone assunptions |like actually fitting the
model and what is the best shape for it but it is
| ess influenced by outliers and generally has
greater precision, not a huge anount, | nust say,
fromthis exanple. But | would say that both of
the nmethods are useful. So, it is not particularly
conplicated but it will show you whether there are
trends in the differences in the two popul ation
r esponses.

[Slide]

In terms of designing a study anong the
pedi atric popul ation, or another situation we
| ooked at, if you are going fromone country to
anot her and you want to do a bridging study in the
new country, the design should be based on

paraneter estimates fromthe data you al ready have
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in the original population, the adult popul ation,
and any prior information that you have fromthe
pedi atric popul ati on

Make sure to include doses that are likely
to produce these concentration netrics in the whole
range of interest. Then, performsinulations to
determine the required nunber of patients needed in
the new popul ation. You can assess robustness to
the nodel assunptions, and so on, your variance
estimates, to see what woul d happen

[Slide]

| apol ogi ze for the spelling m stake here.
Thi s general approach can work for response curves
for efficacy and for safety. Wat we are doing is
proposing a nethod to quantify the simlarity
between the adult and the pediatric popul ations
over the whol e range of concentrations. Rather
than trying to test that adults and children are
different, we are trying to test how close they are
and where they are close. This can be applied
easily to data fromtrials with different designs.
Then, as a final thought, | put up the usua
goal posts such as 0.8 to 1.25, but that may well
not be neaningful for this particular drug,

dependi ng on therapeutic range, or the disease of
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interest. So, interpretation of how rmuch
simlarity is acceptable, of course, requires
medi cal input. Thank you

DR VEN TZ: Thank you, Stella. Any
questions or comrents for her? G eg?

DR. KEARNS: | amglad to see your |ast
poi nt because | was troubled until you put this
slide up. | think nost of us would agree that the
denmonstration of statistical difference and
clinical difference is not always the sane. |
mean, not know ng what drug X is, one could argue
that that difference, in terns of a clinica
context of drug effect, would be not meani ngfu
despite its significance

My question to you and really to anybody
fromFDA is what are the inplications of finding a
di fference, especially when you are looking in a
retrospective way? | nmean, the data that you
shared with us ostensibly would conme out of the
revi ew of an NDA when all the pediatric stuff had
been done, the adult stuff had been done and the
conpany has perfornmed now the pediatric studies
with consultation fromthe agency, perhaps it is
bei ng done under the Best Pharnmaceuticals Act so

there is sone hope of exclusivity; maybe sonme hope
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of labeling. Then it goes to your Ofice and,
voila, there is a difference. So, what are the
inmplications for the agency to go back to the
sponsor and say, well, it was a good try, boys and
girls, but no exclusivity for you today because
there is a difference between adults and children
that we can't resolve fromyour data?

DR. MACHADO Thank you, that is a very
insightful question. | don't have a nice selection
of slides of the pediatric decision tree, but there
is one el enent on the pediatric decision tree that
asks the question can we consider that the response
curves for pediatrics and adults are simlar
enough. So, what | am addressing is part of the
whol e pie that goes into deciding whether to
approve a drug for pediatric use. Larry, would you
like to conment on that?

DR LESKGO | guess it goes back to a
case-hby-case interpretation of the differences that
you woul d observer in that case. Then, | think you
woul d have to draw in sone of the clinical efficacy
data that were available and try to interpret that.
I think the soft spot in this approach is what
those boundary conditions are going to be. Wen

you get to the end the 80 to 125 is a default that
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we have borrowed from some ot her areas, but the
problemwith that is we have tried to apply it in
other simlar situations, like drug interactions or
renal disease versus normals, and the nunber of
subj ects needed to neet that boundary conditi on,
given the variability, is unrealistic.

So, the next question then is what are
those boundary conditions that we be appropriate to
declare simlarity and it seenms you go down two
paths. One would be what do | know about the
exposur e-response rel ati onship, and what are the
boundaries | mght draw fromthe shape of that
relationship in adults, with the assunption that
PK/IPD is simlar?

I guess the other question would be kind
of a joint nedical-artistic sort of approach, well,
what difference would be clinically inportant if
you were to think about it in an enpirical way?

But you have to sonehow set sone boundaries
t hi nk.

DR VEN TZ: The boundaries that we are
tal ki ng about here are not boundaries on
concentrations. W are talking about boundaries in
the response--

DR LESKG They woul d have to be w der
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Qoviously, the variability is going to be nore than
concentrations.

DR LEE: | think ny other question to the
conmittee is should we also not only |l ook at the
mean val ue or the difference between the two nean
curves, but also |ooking at the whole distribution
of the PK/PD rel ationship because what we are
really concerned about is not the typical patient
but the patient who nmay be exposed to a very high
concentration or very |ow concentration? So, do we
really want to nake sure that the distribution of
the response is simlar between adult and pediatric
popul ati ons?

DR. SHEINER: You are going in a little
different direction but we started tal ki ng about
sonething that | think is pretty clear, that is to
say, two different issues: How do you neasure a
di fference between these two curves, let's say, and
then what do you use as regulatory guidelines with
respect to that measurenent? So, the neasurenent
has to be adequate to the task of ultimtely naking
a decision. That decision issue is always going to
be trickier than the measurenent one | think. So,

I would like to focus a little bit on the

measur enent one.
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I just wanted to say that | noticed in one
of your slides, Stella, that you had the
statenent--you know, we can nmake statenents |ike we
are 95 percent sure that the range is sonething or
other. That kind of al nost smacks of a Bayesi an
statenent so | amgoing to take that as pernission
because you opened the door--it seenms to ne what we
are really talking about is the posterior
distribution, estimating the posterior distribution
on sone feature of these doser-response curves that
talk about a difference. So, if it is in the |og
world it is aratio. So, that mght be what we are
interested in or, as Peter just sort said, we mght
be interested in some ot her aspect of the curves
than the difference in the nmeans. W night be
interested in the difference in the fraction |lying
outside of a certain range, or sonething |ike that.

So, we have to decide, it seens to ne,
what those things are and they are just qualitative
i ssues of value, not quantitative which is the
tough one. The tough question is the second
question, where is the cut-off? But the
qualitative issues of value, what kinds of things
are we interested in, what are things that are

relevant, | think we can probably agree on those.
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I woul d say that, you know, personally I
woul d just like to see us tal k about posterior
distribution of a difference of some kind between
the two. Then | would make the point about that
that when you get to regul ati ng--even though |
don't know how to resolve that--you do really have
to be quite careful about saying that because there
is a significant amount of the probability mass
that lies outside of some acceptabl e boundary,
though there isn't very nuch evidence that it is
there. It just neans you don't know very nuch. It
is the sane kind of story as, you know, accepting
the null hypothesis in the opposite situation. So,
I the hard questions are the questions about what
regul ati ons you nake and how you regulate it.

I think the thing you finally drew there
with those confidence intervals, they are not too
different than a posterior distribution on the
rati o, and you can conputationally get it nore or
|l ess the same way and | do think that is the right
way to look at it, but I would say for those of us
who tend to sort of enjoy being kind of the
techni cal heads here, let's stop at making the
picture that shows the differences and then let the

regul ators worry about where to cut off the |ines.
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DR. MACHADG  Thank you.

DR. VENITZ: Any further comments or
questions? |If not, thank you again, Stella. |
suggest we take our break. We will take a
15-minute break and reconvene at 3:45

[Brief recess]

DR. VENITZ: W are still continuing on
our topic on pediatrics, pediatric decision tree,
and our next presenter is our very owmn Dr. Geg
Kearns. He is going to give us an acadenic
perspective in using the pediatric decision tree.
G eg?

Research Experience in the Use of
Pedi atric Decision Tree

DR KEARNS: Thank you very nuch.

Larry gave ne kind of a conplex task here
today. He said | want you to tal k about the
decision tree but | also want you to revi ew sone of
the basic stuff on pediatrics and why are children
different. So, if thisis alittle bit of a
hodge- podge, forgive ne; | amjust executing ny
orders.

[Slide]

This is one of nmy favorite all-time quotes

fromthe man who is considered to be the father of
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American pediatrics. | like it because in 1889 Dr.
Jacobi recogni zed that the issue of dose being
different was of paranount inportance.

[Slide]

One of the differences fromwhat we have
heard today about enpaneling a group of
pr of essi onal subjects who go out for a bender,
clean up and come in, is that few of our children
that we have in clinical trials do that, maybe sone
of the adol escents but certainly not the younger
ones, and there are many, many differences between
adults and children and we tend to think of
pedi atrics as a conti nuum

[Slide]

Certainly there is a physiol ogica
continuum There is a behavioral continuum all of
whi ch nust be considered in the context of a
clinical trial. W know that children are
different. They have different body conposition,
as illustrated by these data. This inmpacts the
phar macoki netics, especially with respect to drug
di stribution.

[Slide]

If you look at their renal function as a

function of age for pre-term and term babies over
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the first two weeks of life, there are dramatic
i ncreases which, if you |look at the kinetics of a
drug like fanotidine, translate directly into
changes in the behavior, changes in the
concentration-response rel ationship which are
predi ctabl e when one sinply | ooks at the pattern of
devel opnment and its inpact on GFR in this case.

[ Slide]

As summari zed by Al corn and McNamara in a
recent paper in dinical Pharnmacokinetics, if we
| ook at many of the drug netabolizing enzymes and
we express their activity relative to the activity
in adults, look at them over age, in this case
about 160 days, we see sone patterns. It is the
patterns that are so inportant for those of you
i nvol ved in the nodeling business because a
pattern, to ne, means prediction. Prediction is,
as we have heard tine and tinme agai n today,
critical for understandi ng the behavi or of
somet hi ng bei ng studi ed or what m ght we expect in
the context of clinical use.

[Slide]

In the case of something like
ci sapride--since we are tal king about Qlc

couldn't help but include one of ny favorite drugs
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in here--we are not going to tal k about QTc but
just the kinetics of this CYP 3A4 substrate very
nicely go along with the delay in maturation for
t he enzyne.

[Slide]

If you take a group of very snmall babies
that are not very mature and, in fact, have | ow
surface areas because they are tiny, the clearance
of this drug is markedly inpaired, which is
sonet hing you woul d expect to see. It is not only
the enzynes in the liver, as we are finding
out --Trevor Johnson and his coll eagues, in 2001,
| ooked at 3A activity in the gut and the sane type
of maturation pattern is evident. This, of course,
has inplications for bioavailability of drugs that
are given to kids that are 3A substrates.

[Slide]

Phase 2 enzynes as well show a
devel opnmental pattern. These are sone data from
Martin Behm one of our fellows. They were
presented at the CPNT neetings in 2003. This is a
pl ot of glucuronide to sulfate ratio of
acet am nophen in urine, done in a group of healthy
children and | ooked at, in this case, over nine

months of tine. Sulfotransferase activity conmes on
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very quick, as nost of you know. UGT activity has
a delay. So, if you look over time you see this
ratio increase until about six to nine nonths when
it seems to | evel off--again, another devel oprent al
pattern.

I would be renmiss to not put the bars on
here that indicate that there are outliers. Even
at every devel opnental stage the inter-individua
variability in the activity of drug netaboli zing
enzynes is very, very large. That is inportant
because as we | ook at some of these pediatric
studies with six neonates and the concl usions that
are being drawn, it is--at |east for nme, anyway--a
little statistically worrisone at tines.

[SIide]

Then there are drugs like Iinezolid--and
we were privileged to do this work several years
ago--that are not netabolized by cytochrone P45;
not substrates for UGTs. |If you |ook at the inpact
of age on cl earance, you see dranatic increases
t hat suggest that sonething inportant, sonething
interesting for this conpound goes on in the first
week of life but, again, a predictable pattern

[SIide]

So, clinical pharmacol ogy facts--kids are
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not small adults. They have different PK for sure.
In sone cases the PDis different. Despite our
advances, we are still in an age where about 80
percent of all drugs on the narket are not | abel ed
for kids. Wth rare exception, pediatric patients
are still thought about late in the game of drug
devel opnment, something we need to fix. The biggest
issue far and away is what is the dose. What is
the proper dose that will nake the exposure that
has the greatest chance of being effective and

saf e?

[Slide]

Previously, historically there were sone
chal  enges to pediatric drug devel opment and nost
of these have been taken care of in 2003.

Anal ytical issues, we heard so sotal ol a nethod
that required 0.4 m of blood. PK/ PD approaches
abound. Some of the other scientific issues, the
i ncorporation of pharnmacogenetics; |ogistica

i ssues, we have conme up with ways to study
children; designs; we have even dealt with the

| awyers in some nmeasure. Lawyers who used to say
it is very risky to do studies in children; it was
dangerous; it was expensive, therefore, we

shoul dn't do them have now changed their tune
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after the course of a few lawsuits. Ethica

consi derati ons have been largely taken out of the
equation. Progranmatic things, we have networks in
our country now to study drugs in children. Even
the FDA has gotten pretty sharp about this and have
included children in their plans, hence the

deci sion tree.

[ Slide]

There are sone renai ning chall enges, for
sure. | think these are inportant, and these are
things that have not yet been lit, to use a
M ssouri word. First, relevant extrapol ation of
adult data and aninal data. There are tines to do
it and there are times not to do it. But,
certainly, the adult data can still be critical

St udy desi gns--nuch of what we have tal ked
about today, study designs that are optinal;
scientifically robust so they don't make sacrifices
beyond belief; study designs that are synergized by
addi ng rel evant science; and capable in as many
cases as we can of truly addressing drug effect.

Then we need dosi ng approaches that
control the exposure; that we can verify; and that,
nost inmportantly, are age appropriate. This even

gets into the arena of fornulation just a bit.
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[ Slide]

Here is the decision tree, and you have
seen this a lot today. | amgoing to tal k about
this not in the context of exanples--we have heard
some excell ent examples, but in the context of

where it m ght be working and where it mght be

t weaki ng.

[Slide]

I want to do it by a general example. |
am not going to call this drug X but let's call it

an acid-nodi fying drug. The goal that we had to
study this drug was to look at it in children 1-12
mont hs of age. The question is how would you do it
or how woul d nost people do it? Well, we would

| ook at what is available and then we woul d make a
stab at several things.

First we mght select otherw se healthy
infants who are being treated with acid-nodi fying
drugs, children who are not severely handi capped,
who don't have renal failure or hepatic conprom se
but kids who are getting these nedici nes anyway.

We woul d use known PK and PD properties of the drug
pl us evidence that denonstrates the inpact of
ont ogeny on the clearance pathways or drug

met abol i zi ng enzynes and in sone cases even the
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effect, nuch as we heard for the nontel ukast story.
There was a pretty good relationship in the adults
bet ween the inprovenent in FEV1 and t he exposure.
We woul d use robust, mninmal sanpling techniques
when appropriate. W would assess the
pharmacol ogi ¢ effect of the drug if possible;
design effect studies with a target

exposur e-response approach to drive the sel ection
of dose as we | ooked at effect; and then assess the
effect of the drug as a nolecule as well a
treatment effect and tolerability in an age
appropri ate manner.

To get back to the nontel ukast story for
just a mnute, | think it is incredible that
approval and | abeling for that drug was done based
upon changes in FEV1 that many of us woul d sneeze
at as being inportant. But the fact is when it is
given to children with asthma and you look at its
anti-inflammatory effect and you | ook at |ong-term
outcone, it is a nedicine that works. In that case

we nade a good leap of faith and it is possible to

do that.

[Slide]

Those of you at the agency, please don't
take this personally. | amgoing to share sone of
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the things that were recommended for study our

aci d-nodi fying drug fromthe agency, and we all
know that the FDA is a big, big organization and
certainly none of the people associated with Dr.
Lesko woul d ever recommend what | am going to show
you t oday.

| put alittle asterisk here because
have to give the disclaimer, and rightfully so,
that the recomendati ons that are coming out from
the FDA about how to do these studies are an
evolving work in progress. But let's |look at a few
things that were recomended.

First, the primary di sease endpoints. To
assess the efficacy of this drug in infants, we
were told to ook at its effect on obstructive
apnea. Sone of you have a somewhat confused | ook
on your face. | still have one on nine.

Secondary endpoints, to | ook at pH of the
stomach. That makes sense for an acid-nodifying
drug, but then to assess its effect on esophagea
motility. We were asked to do single and nultiple
dose kinetics standard sanpling through 24 hours
with a drug that has a half-life of one hour.

We were asked to study two to three

different fixed doses of the drug. W were asked
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to look at the kinetics and safety of the drug in
neonatal mce and p53 knockout mice and then, in
the infant studies to follow the children up

t hr ough adol escence.

These are all things that at some point or
anot her cane out in the recomendati ons.
Fortunately, these didn't stick--these didn't
stick. W are finally getting our way to do this
correctly. But why do | show you this horror
story? It is not to nmake light of the agency, but
when these recomendati ons cane out | can tell you,
fromworking with the sponsors, it was alnost as if
their head was put in a vice and they began to
think howin the world could we do these studies;
shoul d we do these studies? Are they even in sone
cases ethically defensible to do--esophagea
i npedance in an otherw se health two-nonth ol d
child? What parent would agree to have that done?
So, there were a lot of issues.

[ Slide]

Sonetinmes it is good to | ook at m stakes
that m ght be nmade because is lets us inprove what
we mght do. 1In this case, | have to admit it
really is not the usual scenario. W know that

fromwhat we have heard today. | am picking at
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of f-the-wal | exanples to make a point.

The approach, if we look at this exanple,
t he approach now becones not a solution but an
i mpedi ment to pediatric drug devel opnent because of
slippage in the regul ations and their
interpretation. Howis that so?

If we | ook at the exclusivity provisions
under the Best Pharmaceuticals Act which stil
brings a lot of marketed products to study in
pediatrics, they enable labeling only if the
di sease process is substantially simlar, the
di sease process. Now, every conpany that studies
the drug, | can guarantee they are interested in
| abeling. There is a belief by some that dosing
and safety information is not wholly sufficient for
exclusivity or pediatric |abeling but in every
instance in pediatric a pivotal phase 3 study is
necessary. That is not what the regul ati ons say
but there is enough slippage in the regulations to
allow this interpretation to be propagated in the
course of discourse between the sponsor and the
agency.

Granting of exclusivity is increasingly
viewed as a privilege and there is a control on it.

About 25 percent of issued witten requests for

file:///IC|/Daily/1117phar.txt (270 of 318) [12/5/03 2:02:04 PM]



file://IC|/Daily/1117phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

pediatric studies have resulted in exclusivity. W
are not breaking the bank with it. There is
differential interpretation of the regulations by
what | have ternmed the "Tower of Review Divisions."
I can tell you that the review divisions that

| ooked at nontel ukast took a very different
approach than the review division that | ooked at
sotalol and the review division that | ooked at the
aci d-nodi fying drug. So, there is not uniformty
of interpretation across the board.

Probl ems and in sone instances failures
with regard to integration of both the Pediatric
Di vision at FDA and dinical Pharmacol ogy with what
the review divisions do. Mich of the discussion
this norning at the end-of-phase-2A, to nme, goes
toward solving some of this problem Then, the
entire pediatric initiative clearly largely remains
an unfunded nmandate. So, there are sone probl ens
that exist that turn into decision-naking.

[Slide]

Let's go back to the decision tree for
just a minute. You have seen it and | amgoing to
modify it just slightly by getting rid of the first
two things in the top box. Let ne explain why I am

trashing the top box.
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[Slide]

If you look in pediatrics, fromwhat |
have been able to learn in the few years of dealing
with it, is that in npst instances the disease
process is rarely substantially simlar to adults.
It is rarely simlar with respect to onset,
progressi on, expression of synptons, and the
di sease environment-treatnent interface. There are
many, many differences. So, it becones an
interpretation issue to say is it simlar or is it
not, and | think we heard that with the | ast
presentation. Wen you get down to the end of the
day with nunbers and you say is this a neaningfu
di fference between these two popul ati ons, we ask
the nedical officers is it really different.

Now, what nany peopl e have shown is
simlar is the relationship between the
concentration of the drug and the effect of the
drug. It is often simlar between adults and
children. That is not to say that devel op doesn't
i nfluence receptor expression certainly in the
first few nonths of life but beyond that it is
pretty nuch the sane.

[ Slide]

Ergo, here is what the decision tree mght
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273
look like in nmy mind. In the top box we have
simlar drug effect or mechanismof action. |Is
there simlar concentration effect or is there
simlar effector response? This noves it away from
di sease and squarely puts it into issues regarding
the clinical pharmacol ogy of the drug. Once you
satisfy a couple of those you narch down, and narch
down in such a way as to deternmine tolerability and
what is the right dose

[Slide]

So, the "holy grail" of extrapolation, as
| see it, is forget about the disease being
substantially sinilar because in many cases it
won't be. Focus on the drug response being
simlar. That is what clinical pharnmacol ogy does
best. Again, in nmany cases this notion of a
mor bi d-nortal outcome for studi es because that is
just not the way it is done. But base the
assessnent on drug efficacy and tolerability
associated with simlar--1 didn't say equival ent
but simlar exposure. Then, mandate the use of a
decision tree that is driven by the
Exposur e- Response Cui dance, sonething that really
lets us look to see if simlarity exists. Wen

that is done and it is woven together, like this
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1 pi cture of an Indian blanket, it becomes not only a

2 thing of great beauty but something of great

3 function and potential significance.

4 [Slide]
5 But to do it we have to inprove what we do
6 in developnent, and it is real sinple because if

7 you think about it like Einstein did, which is to

8 think out of the box and much of our discussion

9 today has been about thinking out of the box, the

10 probl enms and the chal |l enges of pediatrics, many of

11 whi ch are insurnmountable, we are always going to

12 have smal | nunbers, we are always going to be

13 dealing with what you can do and what you can't do,

14  what you shouldn't do, but if we apply the best

15 that technology has to offer we can nmake effective

16 solutions, and | think that is ny last slide.

17 DR. VENI TZ: Thank you, G eg. Any
18 questions for Dr. Kearns? Larry?
19 DR LESKO Just a termnol ogy question

20 Greg, what do you nean by tolerability in one of

21 those boxes that you nodified?

22 DR. KEARNS: That is ny way,

23 saying that we never truly get safety data from any

Larry, of

24 of the pediatric things that we do. For npbst of

25 them that have | ess than 100 subjects,
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tol erance dat a.

DR. LESKO Then, just to understand your
point in the first box where you are suggesting to
drive it by exposure response primarily, is that by
demonstration with data that one woul d get during
the drug devel opnent process?

DR. KEARNS: Yes. That was actually done
in the pediatric |abeling of fanmotidine by Merck
where in a limted nunber of children and infants
we were able to neasure intragastric pH, calculate
EC50, Emax, the pharmacodynam c paraneters, conpare
those to the paraneters in adults and we found that
there was no difference. Then the approach that
was used for the | abeling of fanotidi ne was one
driven by exposure response and ki netics.

DR. LESKO So, the assunption kind of is
that we need to have response correlates. |n other
words, there is going to be a subset that do and a
whol e bunch of drugs that don't.

DR. KEARNS: But it is even possible |
think to--one of the early pediatric studies, one
of the early drugs that had sone | abeling was
Tegretol, carbamazepi ne. Those studi es on response
were done using in vitro systens to show that the

concentration-effect response of Tegretol on the
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gating | think of sodiumwas sinmlar to what it was
in adults. But we have noved far afield of that
now in terns of our thinking about pediatrics and
am saying if there are rel evant approaches that
come fromanimals or in vitro that deal with
effect, that should be sonething to | ook at.

DR FLOCKHART: Greg, | guess this is the
pediatric internal medicine conversations. So,
first of all, | totally agree with you that we to
think a lot nore carefully about the differences in
di sease progression and so on, but | would like to
explore with you what sone of those mght be, just
to flesh out some good exampl es

Now, the first thing that strikes ne is
that the diseases aren't actually the sane. You
know, adults get high blood pressure and kids don't
much. On the other extrene, you know, asthma would
seemto be, to a very naive internist, not terribly
different. The kinds of drugs we use in kids tend
to be simlar and that we be representative of a
group of di seases where we have been sonewhat
successful in transferring adult
met hodol ogi es--wel I, not nethodol ogi es but PK/ PD
rel ati onshi ps to kids.

Thi s begs the question of the vast
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unt ouched swath of disease where it is not simlar.
So, could you talk a little bit about what that
m ght be. Wat woul d be di seases where there are
very substantial differences that we night expect?

DR KEARNS: Well, let ne use asthma as an
exanple. Yes, it is simlar fromthe standpoi nt of
what the synptons are; that anti-inflammtory
medi ci ne i s something good for all asthmatics. But
if you ook at the inpact of devel opnent on
renodeling of the airways, it is nuch different in
a young infant than it is in an adult. |[If that has
sonmething to do with the | ong-term outcone of
treatment in terns of norbidity and nortality,
there could be very, very inportant things.

The other side of the coin is the
aci d-nodi fyi ng drugs. Again, | go back to the
exanple. For adults, probably 30 percent of adults
in the room here today have sone proton punp
inhibitors in their kit. Certainly I d. They
work; they work. They are given to infants not
because i nfants have gastroesophageal refl ux
di sease, not because there are many infants running
around with Barrett's esophagus. They are given to
infants who throw up and are unhappy when that

occurs because of the acidic gastric content that
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is thrust into their esophagus. So, if you can
make that better, the baby still spits up but the
kid is a lot happier and that is why the drugs are
used.

Now, that nmay seemlike a | ane reason if
you are a regulator, but it is the context of use.
So, at the end of the day acid-nodifying drugs, if
you | ook at the proton punp and all the studies, or
you | ook at H2 antagonists, they seemto work with
the same concentration-effect relationship in
babies that are a nonth old as they do in adults
who are 40 years old. A lot of the disease stuff
froma scientific perspective has not been well
expl or ed.

DR VENI TZ: Any other questions?

[ No response]

Thank you, Greg. Qur next presentation is
by Dr. Rodriguez. He is going to tal k about the
regul atory experience with the very sane deci sion
tree that we just tal ked about.

Regul atory Experience in Using the
Pedi atric Decision Tree

DR. RODRIGUEZ: | ama pediatrician; | am

not a pharnmacol ogi st so obviously what you are

going to hear is fromthe perspective of a
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pedi atrician who is, however, as interested as we
all are in the appropriate, nunber one, use of the
drugs and the observation of effectiveness and the
safety or tolerability dependi ng where we end today
or in the future.

[Slide]

This is one of the reasons why | am doi ng
some of this stuff. W are starting here a few
years ago with sonme of ny grandchildren. The
reason | do that is because ny children used to
complain all the tine that | didn't pay nuch
attention to them | was too nuch at work or in the
hospital, whatever, so now | spend nore tine with
them and, therefore, | have themthere as a
rem nder. But specifically they are the ones who
are going to get the drugs that are studied
appropriately and that is why | put themat the
beginning and | put themat the end too.

[Slide]

It is interesting because the issue of
pedi atric | abeling has been around for quite a
nunber of years and, of course, Greg nentioned
Jacobi's conmentaries and, in fact, in 1979 there
was a statenent which I will read to you:

statements on pediatric use of a drug for an
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280
i ndi cation approved for adults nust be based on
substantial evidence derived from adequate and
wel | -controll ed studies unless a requirenment is
wai ved. So, that is a little thing on the side.
That was in 1979.

Fromthere we progressed to 1994 where we
had probably the first alnost |egalization of the
extrapol ation. Essentially, we were allow ng
people to infer or estimate by projecting or
ext endi ng known information in the field of
pedi atric drug therapy.

[Slide]

This '94 rule required the sponsors of
mar ket ed products to revi ew exi sting data and
submit appropriate | abeling supplenents. Do you
know how many cane in? Very few. Anyway, it
applied to drugs and biol ogi cs and pediatric
applications could be based or may be based on
adequate and well-controlled trials in adults with
other information supporting the pediatric use.
Here we are tal king about PK and safety data.
However, there was no requirenment to perform new
studies in pediatrics and, in fact, sonme drugs have
actually been | abeled frominformation that is out

inthe literature essentially, and that could be
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one way to look at it if the studies were well
done.

[Slide]

The efficacy could be extrapolated in the
'"94 rule if the course of the disease and effects
of the drugs, beneficial and adverse, are
sufficiently simlar in pediatric and adult
popul ation and, therefore, it would be perm ssible
to extrapolate the adult efficacy data to the
pediatric patient. So, sufficiently sinmlar is a
little bit nore open than substantially simlar.
It is what the '79 rule was tal king about.

[Slide]

O her supporting information included
i nformati on which woul d be appropriate for the
pediatric rule which supports use in that age group
and m ni mum PK and safety data nust be obt ai ned.
amnot wording this; | amactually getting it out
of the regulation. However, if the PK paraneters
are not well correlated with activity in adults, a
clinical study would nore likely be requested.

[Slide]

So, an approach based only on PKis likely
to be insufficient when blood | evels are known or

expected not to correspond with efficacy or, for
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exanmpl e, when there is concern that the
concentration-response relationship varies with
age, and we have heard about that today, and in
such situations there is need for studies of

clinical or pharmacol ogic effects. |If the

conparability of the disease and outcone of therapy

are simlar but appropriate blood | evels are not

clear, a conbi ned nmeasurenent PK/ PD approach may be

possi bl e.

[Slide]

So, today what | would like to do, anpbng
other things is, first of all, share sonething that

we did within the agency where we actually got
peopl e together from various divisions and | ooked
at drugs that were actually being studied or have
been studied in response to witten requests. |
want to share that information with you because it

m ght actually help us identify areas where there

are problens and areas where we are likely to fail

VWhere may extrapol ati on not be the right
approach? For exanple, adult efficacy cannot be
extrapol ated or the response of drug may differ
because of receptor differences or the disease
mani f estati ons may be different.

Difficulties nay be posed al so by the
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child' s inability to cooperate. You have heard
about some of the pul monary drugs today.
Essentially, if you are trying to neasure the
ef fect of sonething used in a spacer, the four or
five-year old kid may not be able to help you or
may not be willing to cooperate in the carrying out
of an FEV1 eval uation, although peopl e have gotten
strong enough to say if you take sone of these
young ki ds and you squeeze their chest real hard
you will be able to find out sone of the response,
and it has been done, by the way, in the younger
popul ation but we are not pushing for that.

[Slide]

The extrapol ati on may not be the approach
if the disease is different in etiology,
pat hophysi ol ogy and/ or nmanifestations. There are
some pretty good exanples particularly in the area
of psychopharm, such as neonatal seizures,
infantile spasms and febrile seizures. Therefore,
in those situations you woul d expect that there
woul d be nothing to extrapolate fromor that the
therapy m ght be different. Antiepileptic drugs
effective in adults may actually be ineffective
proconvul sants in children, such as phenytoin and

car bamazepi ne whi ch may exacerbate certain
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pediatric types; or vigabatrin, which is not
approved in the U S. A, and may exacerbate
myocl oni c seizures; or we may find drugs that are
ineffective in adults but therapeutic in children,
li ke ACTH and steroids in infantile spasmns.

So, we have another way and that is
i nportant to keep in nmind because if we sit around
wai ting for extrapolation we nmay actually not study
drugs that could actually be useful in the
pedi atric popul ati on

The pat hophysi ol ogy may be conparabl e but
the response to therapy nay not be predictable in
adults and children. This happens with many of the
psychotropic agents. In fact, CDER had a program
| ast week in the area of the use of extrapol ation
and the various divisions cane that we invited.
Essentially, sone of the areas from pul nonary, etc.
were actually discussed. And interesting one was
drugs for allergic rhinitis where in the
physi ol ogi ¢ area the pat hophysi ol ogy was under st ood
and, therefore, the drug was approved for use in
the pediatric popul ati on, whereas neuropharm felt
very unconfortable in extending that type of
process in some of their products.

[Slide]
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The favorabl e scenarios where it may be
okay to extrapol ate are, for exanple, if the drug
has been effective in adults and in children down
to six years of age. You have heard about one
exercise in which they went under that age group
In order to extend the | abeling down to one nonth
you nust establish that the disease is sinilar;
response to treatnent is simlar; plasm |evels of
drug dosing is in the therapeutic range; and the
safety profile is acceptable--essentially what you
have been tal ki ng about today.

There are sonme areas in which
extrapol ati on has generally been very appropri ate.
That happens to be one of ny areas of experti se,
essentially antimcrobial and antiviral. | aman
i nfectious diseases pediatric specialist. You
heard about bronchodilators. |In fact, in AIDS it
is fascinating because there, even though the
di sease may actually differ in terms of the
progress, the markers, for exanple, are |ooking at
sonething as the viral effect of the drug and al so
| ooki ng at sonme of the markers |ike CD4 were
actually used to approve drugs for use in the
pedi atric age. So, essentially, in sone areas of

the agency sone of the stuff we are tal ki ng about
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today has been used rather readily.

[Slide]

What | have in this slide is actually what
this multi-disciplinary group actually said how
about if we were to consider extrapolation in
children to support the efficacy data. Wat would
we actually be looking at? W |ooked at the nature
of the evidence, such as enpirical conparison;
know edge of mechani sns; known adult physiol ogic
and clinical properties of the anal ogous drugs;
known sensitivity of children to specific
toxicities.

And, how do we get there? Let ne give you
alittle bit of background. These were actually 35
drugs that had been turned into the institution in
response to witten requests. They are drugs that
have been granted exclusivity, etc. The reason
amtelling you this is because | want you to see
that in order to get exclusivity you nmay not have
to show that your study showed efficacy. However,
you have to follow what the agency actually asks
you and I will show you an exanpl e about that.

So, how do we get there? Well,
non-clinical studies--1 was very glad to hear that

people might take a | ook at cell |ines for exanple;
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they m ght take a | ook at aninal studies; they

m ght take a | ook at patient samples. 1In fact,
sonebody was tal king the other day about use of
tissues froma brain that had undergone surgery for
what ever reason, and | ooking to see how the drug
acted in there. Looking at the pathophysiology, in
other words, simlar clinical and synptom markers
in adults and children or the involved cell types;
simlar natural history in an affected popul ation
Essentially, the continuity across age spans nmay be
hel pful, and simlarity of response to therapy such
as inprovenent in the sane clinical signs and
synptons for exanple.

I have not been exhaustive there. There
are quite a nunber of other factors that we have in
there. But we felt that an evaluation of sone
degree of safety is essential. Ganted, when we
t hought about safety in adult studies we have
t hought sonetinmes of 300-plus patients in a study
essentially to pick up a signal that may actually
be at a relatively high level, let alone the ones
that are at a very lowlevel. But if you take a
| ook at the process of drug approval, you see the
word safety used in phase 1, phase 2 and phase 3.

Again, this has to be supported with
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phar macoki neti ¢ and exposure response.

[ Slide]

| actually went to the regulation of '94
and said let me take a | ook and see how this really
fits into the decision tree. Essentially, we can
see that the first columm would probably not fit
into the decision tree and essentially there we
have to include in pediatric use or limtations or
pedi atric indications, for exanple, the difference
bet ween pediatric and adult responses for the drug
and other information related to the safe and
effective pediatric use of the drug. W could be
usi ng the sane exanpl e of ACTH and steroids in the
i ssue of infantile spasns.

W nove down the line and we | ook at
pediatric use for the indications also approved for
adults and the sinple product that came to ny nind
was actually the use of drugs for inflamuatory
response in the eye or infection in the eye. W
coul d conceivably say that in those situations we
don't need to really get PK/IPD. W are actually
specifically | ooking at the response and coul d use
the data fromadults to specifically say that we
woul d not need two well-controlled studies and we

m ght be able to get away with one.
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O course, in the third row we have
essentially the closest thing to the decision tree,
whi ch is indications based on raw data and that is
where we are tal king about use of the
wel | -controlled information supporting pediatric
use. In that situation, again, we still have to
note that the course of the disease and effect of
drug, both beneficial and adverse, are sufficiently
simlar in adult and pediatric populations to
permit extrapol ation. Again, we have to spell out
the indications for that.

Essentially, | amnot going to spend nuch
time with this, I knowthat in April of this year
Dr. Rosemary Roberts spent quite a bit of tine
going into the various drugs that fit into this
tree and what | decided to do was to essentially
show you- -

[ Slide]

| amsorry, before | go there, for al
these drugs that we want to study we ask the
foll owi ng questions: Wat is the public health
benefit for using the product in children? What is
it? For what ages? Wat information is needed?
What ot her products are avail able or approved for

this indication? And, what type of studies are
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bei ng done or should be conducted?

[Slide]

Essentially, what | am going to show you
over here is information which is as up to date as
of Septenber 3 and we essentially |ooked at the
studies that were requested for witten request in
response first to FDAMA and then BPCA. You can see
that 284 witten requests were issued. Now, 93
witten reports have conme back to the agency as of
Sept enber, by the way. O those, 60 have already
been | abel ed, which is quite a bit of progress.
And, 85 have been granted exclusivity, which neans
that only 9 studies did not get exclusivity, and
they didn't get exclusivity because they weren't
providing or they haven't provided the information
that they had agreed to provide in the report.

I think Dr. Lesko showed you sonethi ng
earlier, showing the percentage for efficacy and
safety, PK and safety, and you can see it has
changed very little over the period. You could
argue, well, we haven't changed anything or we are
getting the infornmation that we need to go forward.
So, there are two ways to interpret that.

[Slide]

Now | would like to share with you sone
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experiences and these experiences canme fromthis
group that was put together to | ook at drugs that
have been granted exclusivity, have been | abel ed
and have provided sonme type of information.

[Slide]

The first one that we have here is the
psychotropics. | have sel ected the psychotropics
because that is where we had the biggest problemin
t hi nki ng about the way that the decision tree would
hel p us.

Essentially, for this drug, over here,
there was absence of prior data, according to the
division, that would all ow extrapolation. So, they
actually went ahead. Qur group went ahead and
sai d, okay, what factors could be used for
extrapol ation? Essentially, we felt that there was
simlarity of synmptons in children at |east over
six years of age. W felt that the response to
t herapy woul d probably be similar and so would the
natural history. Essentially, the division asked
for nmulticenter, random zed, double-blind,
pl acebo-control | ed studies to evaluate efficacy and
safety, and PK open-I| abel ed escal ati on

Let me tell you that there were well over

500 patients, alnost 600 patients enrolled in
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these. What did we conme out with? Safety and

ef fecti veness was not established in patients 6-17
years at doses reconmended for use in adults. PK
paraneters, area under the curve and Cnmax of drug
was found to be equal to or higher in children and
adol escents than in adults. Maybe in the future
sonething like this may actually benefit from sone
of the stuff that we are tal ki ng about today but
essentially that is what cane. Let ne tell you
that this conpany did get exclusivity. Wy?
Because they did everything that was in the witten
request. So, essentially, that is the criteria for
granting exclusivity.

[Slide]

Anot her exanple is the psychotropic
fluvoxanmine. Let nme tell you first of all that
exclusivity cane to the agency on 1/3/00. Renenber
that these are in response to the FDAVA in 1997-98
So, within a couple of years we had this area on
our hands. This was for obsessive-conpul sive
di sorder. Essentially, again the group said
simlarity of synptons and response to therapy
woul d be areas where extrapol ation could be done.
There was a nulticenter, open-label PK study and

| ong-term open- | abel safety study.
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The result was that, nunmber one, we
al ready had an efficacy study of this drug at the
time this drug cane to us. It was actually in the
| abel but there were questions about why aren't we
havi ng sonme effect in the adol escents? Wy do we
seemto be having nore effect in the girls or in
the children 8-11 years of age with the doses that
wer e reconmended in the | abel ?

To make a long story short, nonlinear
phar macoki netics was a part of the answer to this,
and this was corrected and essentially girls 8-11
years of age may require a | ower dose while the
adol escent may require doses to be adjusted to
actually be increased over what they were
constantly getting.

[Slide]

Essentially, we are learning and we could
| earn nore. This is gabapentin, an antiepileptic.
Actual ly, that came to the agency on 2/2/00 and,
again, it was |abeled by October of that year. The
concerns with respect to this drug were that safety
and efficacy could not be extrapol ated. Renenber,
this is in the psychopharm group again where they
have had some of the bigger problens for

extrapol ati on.
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But our group said that they could
extrapol ate on the basis of simlarity of synptons
and response to therapy. Essentially, they
actually did a doubl e-blind, placebo-controll ed,
paral l el group efficacy and safety study as add-on
t herapy; popul ation PK; open-| abel extension study
and single-dose PK. There were quite a few
patients that were studied there, alnobst 1,000
patients.

[Slide]

The results were there was safety and
ef fecti veness down to 3 years, however, we
i dentified some neuropsychiatric disorders in 3-12
years old such as enotional lability with attention
probl ems in school and hyperkinesis. The product
cl earance, nornalized by body weight, increased in
children less than 5 years of age. So, between 3-5
hi gher doses were required in that popul ation

[Slide]

The next two drugs were in the
cardi ovascul ar group. Again, there were sone
problens in the area of extrapolation. Essentially
we have here hypertension. The thought was there
was sinmlarity in synptons and that the natura

history was sinilar. W have to renenber that
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hypertension in kids may actually be the result of
structural abnormalities for exanple which may
differ fromthe adult popul ation

There was an open-1abel PK study,
doubl e-bl i nd dose-response study. The result was
that the drug was | abeled for one nonth to 16 years
of age, and there was information on dose efficacy
and phar macoki netics and, nore beautiful, there was
informati on on preparation of a suspension. So,
essentially, we had good information that actually
made it into the | abel

Let me just add here that we had at | east
two situations where there has been information on
a suspension and five situations of the first 34
drugs that were approved where we had new
formul ati ons nmade for use in the pediatric
popul ati on.

[Slide]

Here we have the last one that | want to
share with you, which is fosinopril. Essentially,
that drug cane in on 1/27/03. The indication was
hypertension. Essentially, areas that could
actually be used for extrapolation were simlarity
in synptons and the natural history. Essentially,

there were open-|abel studies, nulticenter,
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si ngl e-dose PK studi es were requested in one nonth
to 16 years of age; multicenter, randomn zed,

doubl e-bl i nd dose rangi ng and pl acebo-control | ed
studies in 6-16 years of age.

The results are as follows: New
recomrendation for dose in children wei ghing nore
than 50 kg; new information on PK paraneters and
appropri ate dose strength is not available for
children weighing less than 50 kg. The conpany did
not come in with a formulation or with a
preparati on for suspension and even though data is
avai |l abl e, that was not included in the |abel at
this nmonment. Essentially, you can see that this is
a two-way street.

[Slide]

So, what have we | earned fromthe point of
vi ew of pharmacoki netics and phar macodynam cs?

Sone popul ations may need to start therapy at the
| oner end of dosing to avoid adverse events. That
was for m dazol am hydrochloride in patients with
congenital heart disease and pul nonary

hypert ensi on.

Elimnation half-life may be shorter in
pediatric patients than in adults. That was in

at ovaquone/ proguani| . Essentially what we saw is
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t hat at ovaquone cl earance in children was 1-2
days--1 amsorry, the half-life, not the clearance.
The volunme of distribution and half-life may differ
in a fashion which necessitates doses higher in
younger children than adults. That happened with
et odol ac.

[Slide]

Hi gher oral clearance by body wei ght in
patients less than five years of age necessitated
hi gher dose concerni ng gabapentin. You have
al ready gone extensively over sotal ol
hydrochl ori de. Buspirone hydrochl oride from
ki netic paraneters, area under the curve and
maxi mum concentrati on of the drug may be equal to
or higher in children and adol escents than in
adults, and no denonstrated efficacy. As |
mentioned earlier, in fluvoxam ne there were
nonl i near phar macoki neti cs.

[Slide]

So, what are the gaps in informtion?
There are many but | have selected three. Many
popul ati ons such as infants and neonates, both term
and pre-term remain to be studied. There is stil
alot to be learned in terns of clear

exposure-response rel ati onship across the various
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speci al populations. Very inmportantly, it is very
hard to neet these criteria in some of the drugs
and essentially try to find appropriate pediatric
formul ations. But if sonebody conmes hone with a
correct formulation the agency is ready to | ook at
it favorably.

[Slide]

This is the end of ny coiments and | am
open to questions and if | don't know, | wll
conmuni cate with you |l ater.

DR. VENI TZ: Any questions?

DR FLOCKHART: Weéll, | would like to
thank you too. | think this was really
trenmendously valuable to me in terns of ny thinking
about this from many respects.

I would like to ask you about two ki nds of
studi es you presented. The first is the
hypertension ones. | aman internist.

Hypertension in children or adol escents, to ne, is
different in that it is rarely what I would cal
essential hypertension. As you indicated, it is
much nore neurofibromatosis i nduced or one of those
things. So, are the studies that you are talking
about ruling those out because they would be

separately treated? And, you are essentially
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dealing with essential hypertension in children
whi ch woul d be a very, very narrow group of
patients.

DR. RODRI GUEZ: These studies, in response
to witten requests on which a protocol was
devel oped, woul d specify clearly the diagnostic
criteria by which the patients would be enrolled in
the study. |In other words, it was not al
hypertension. It was stenosis for exanple.

DR. FLOCKHART: Right. The second
question, you nentioned specific liabilities that
children mght have to side effects. Wat about
actually testing side effects? | aminterested
particularly in the situation with H 'V drugs--side
effects that mght occur nore in adults, sonething
i ke |ipodystrophy, and less in children? Has that
been the case al so?

DR RODRI GUEZ: To the best of ny
know edge, no, but | amnot sure. So, if you want
I will give you ny e-mail and we can conmuni cat e.

DR FLOCKHART:  Sure.

DR. KEARNS: Bill, that was a great talk,
as usual. M question is based on the exanples
that you showed of the drugs recently studied,

al rost all of them had sone type of efficacy study
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300
associated with them You showed the earlier
regul ati ons and went back to 29 CFR, dot, dot, dot.
The third point that you nade is that if pediatric
use was based on adult data, then it could be the
case were appropriate dose-finding safety studies
could be done, which is very much part of the
pedi atric decision tree but, yet, your exanples al
deal with an efficacy study and in sonme cases with
sonme of the psychoactive drugs it has been debated
that those efficacy studies were probably
under-powered to really assess an effect because
the things neasured in children are sonetines very
difficult. So, if nmobst or all of these are going
to involve efficacy studies do we need to redo the
decision tree that has the first box imrediately
going to an efficacy study?

DR. RODRI GUEZ: | thought | had said that
but I will repeat it, one of the reasons | selected
these drugs is because these were the drugs that we
actually had some problens with, and these are two
di visions, for exanple, that have had sone
probl ens--not problens, | should say maybe
di fferent mechani sms, | mean the psychopharm drugs
for exanple. So, essentially what | did was |

sel ected the ones where the probl ems were because
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figured there were enough peopl e here that night
come up with some suggestions on how we can dea
with that.

You raise a point. It might be the power.
But when you hear about 500-plus kids, that is a
pretty good sized study. 1In fact, one of the
things | said was maybe those ki ds needed hi gher
doses and that was ny naive way to |look at it.
Anyway, | selected the problens on purpose. But if
you | ook at the breakdown of the various requests,
a lot of the drugs did not necessarily require
efficacy. They had the PK/ PD and, of course, they
had safety.

DR. LESKO To follow on the question that
Greg raised, Bill, in the type of study, that is
the study breakdown on the issue of witten
request, there are 284 or 660 studies, it |ooks
like, and there is a percentage. In the witten
requests only 35 percent--getting back to what Geg
asked--are efficacy studies, although for the ones
you showed in the area of the antihypertensives and
the psychot herapeutic agents it was 100 percent
ef ficacy.

There are two questions. O the 93 that

you said cane in, and you said 60 have been
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| abel ed, does the percentage in terns of the type
of study remain the sane as it is for the witten
requests?

DR RODRIGUEZ: | have that tabulation on
the first 33 drugs that were | abeled. That is over
50 percent of the drugs that have been | abeled. W
published this in JAVA

DR LESKO  Okay.

DR RCDRI GUEZ: There we have around 43
percent efficacy and safety; 34 percent PK/PD;, and
12 percent were conbi nati on where the topics were
actual ly safety.

DR LESKG So, it sounds like it is kind
of simlar in terns of what actually is done in
studi es as opposed to what is put in a witten
request .

DR. RODRIGUEZ: But if you take a | ook at
that, we have al nbst 56 percent that were PK,
safety; PK/PD and safety and 43 percent that were
ef ficacy, safety.

DR LESKG Just continuing with that, can
you think of several therapeutic classes--we know
where efficacy studies predom nate, for example, in
the anti hypertensive and psychot herapeutic agents,

were, on the other hand, approvals based not on
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ef ficacy studies but on other information, the PK
safety or the PK/ PD- -

DR RODRI GUEZ: Well, you heard about the
pul ronary allergy type reactions. That has been
one where there has been a m x of drugs where sone
bi omar ker or sone ot her finding has been used for
t hat .

DR FLOCKHART: HIV with a CD4 count.

DR RODRIGUEZ: HV with CM4, that is
right. You see, the area where it is relatively
easier is in the infectious di seases because if you
draw a triangle and you put the human over here,
you put the drug over here and you put the virus or
the bacteria over there, you can do--1 nean, we do
alot of things in vitro which adds validity. In
fact, even there, there is a problem because, you
see, when you approve drugs for viruses you approve
drugs for viruses. Wen we approve drugs for
bacteria we are sonetines approving themfor otitis
media or sinusitis or pneunmpnia even though, for
exanple, in H fluit would be H flu or strep
pneuno., strep. pneunp., strep. pneunp. but we are
applying it for the various clinical indications.
But in the virology field it is easier because for

sone reason that rationale has actually prevailed
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I wouldn't be surprised if we progressed toward
that direction. | am speaking off the top of my
head ri ght now.

DR VENI TZ: Any other questions? |If not,
t hank you.

DR RCDRI GUEZ: You are wel cone.

Commi ttee Di scussion

DR. VENITZ: Larry, | would ask you to put
your last slide up so we can go through the three
questions that you want us to give you sone
f eedback on.

DR LESKG | actually don't have one.
don't have a slide on the questions but they are in
t he background package and maybe we can refer to
that because there are only really two questions.
One of the questions refers to the nethods of
anal ysis that Dr. Machado showed us in terns of
determning simlarity and exposure response
bet ween adults and pediatrics, and we did have sone
di scussi on of that already.

However, the second question really
revol ved around providi ng sone feedback on the
current way the pediatric decision tree is being
used in the context of the nunerous exanpl es that

were presented today. In other words, does this
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seemlike it is on the right track?

Furt hernore, sone suggestions were made
that maybe there is roomfor other approaches than
what we have in the pediatric decision tree based
on what Dr. Kearns presented. Are there conments
on potential alternative ways of thinking about, in
particular, that first box? | think if we can sort
of go in that area for discussion it would be
hel pf ul .

Maybe rephrasing the question, if we think
of the current pediatric decision tree as the
current situation, in essence a one-size-fits-al
because that is the decision tree, are there any
situations where a different approach m ght work,
simlar to what Greg had suggested, to approach it
and drive it from an exposure-response nmechani sm of
action point of view? For exanple, could that be
an approach that would work well in areas of drugs
that are well understood in ternms of their
mechani sm of action, drugs which mght be a third
in class for exanple, a drug with a wi de
t herapeuti ¢ i ndex where pharmacodynam ¢ endpoints
are reasonably measured and are thought to
correlate not as surrogate endpoints but with

clinical endpoints? And, given certain criteria,
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could an alternative approach be used to go down
that decision tree? So, that is kind of an area
that | would |like to maybe hear about as well from
the committee.

DR. KEARNS: Larry, | think one thing
would like to add to this, and Bill's talk alluded
toit, is that the pharmacodynam ¢ endpoi nts that
are neasured have to be appropriate so things can
be done in children, and they nust relate to the
effect of the nedicine. That is easier said than
done. | nean, psychonetric testing in young
children is not an easy thing.

What happens sonetines is that in the
course of pediatric drug devel opnent and trying to
satisfy the questions we are faced w th, al nost
being forced out of necessity or in sone cases
desire--and that is my inpression, to devel op
endpoints in the context of the trial, none of
which are validated and in sone cases the endpoints
have nothing to do with effect. Again, case in
poi nt, an acid-nodifying drug doesn't influence
esophageal notility. So, as long as we are basing
what we do on the clinical pharmacol ogy of the drug
and doing the best we can, | think we get the best

approach and at the end of the day the best answer.
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DR. SHEINER: The exanpl e you used, the
aci d-nodi fying drug, that is a tough one. \What you
are saying is, look, it is getting rid of the acid
and when the kid spits up it makes hi m happi er and
there is no equivalent adult disease per se. So,
you are saying that here is an indication that
doesn't exist in the adults, treated by the sane
mechani sm as sonet hi ng that does.

If you find that the physiology is the
same, the acid is turned off at the sane
concentrations, lasts as long, and everything |ike
that, first of all | have a question, doesn't the
i ndi cati on have to be approved? Maybe your drug
has some safety consideration that woul d make it
approvabl e for sonething that was |ife-threatening
but not sonmething that as synptomatic, etc. |
mean, | just don't see how you are going to be able
to automatically find that because the physi ol ogy
is the sane after the drug, that because the
indication is different you get approval in
pediatrics. You wouldn't get it in adults. If it
turned out that there was a new condition that was
treatable--1 nean off-label use is fine because the
drug is approved but for approval you would have to

show that it is efficacious in that condition
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DR KEARNS: A good question. Again, ny
i mpression and | am not speaking here for the
agency, but | referred to some of the slippage in
interpretation. Children per se, young infants
especially, do not characteristically have
gastroesophageal reflux disease. Histologically
many of themare nornal or they may have a little
bit of hyperemia but it is not the same thing in
adults. Well, if we interpret that as saying, oh,
well, that is a different indication, then as you
interpret the regul ations you could certainly go
down and say, okay, we have to do efficacy studies
of these drugs. So, you interpret the regulation
But if you went back to 29 CFR dot, dot, dot, and
you read if pediatric use is based on adult data,
and proton punp inhibitor use in pediatrics is
based on adult data, and the data it is based on is
the ability of the drug to nodify the pH of the
gastric content, not anything el se.

So, there is a trenmendous anount of
interpretation that has to go on and that is why |
said earlier it is inperative that the Ofice of
Cinical Pharmacol ogy and Bi opharnaceutics be
i nvol ved early and, hence the decision tree. Be

i nvolved early and try to work cooperatively and
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col laboratively with the review divisions to nake
sure that the studies that we think we need in kids
are done and that they are done right because sone
things in children you just can't do. Parents will
not vol unteer for repeat endoscopies in young
infants and, arguably, they shouldn't be done
because of the risks associated with anesthesia and
stuff like that. So, we can't use the old adult
ways to do the pediatric studies. But it is hard.
There is room for slippage.

DR. SHEINER: But | think there are two
i ssues there. You know, all my synpathies are with
you. M guess is that you are saying is that
modi fying the acid production is going to help
condition X whether it is adults or children, and
what | have is approval of things that nodify the
acid production for condition Y. So why not? And
there will be plenty of off-label usage of that and
it my never-ever cone to the FDA because they can
sell it for that. W know |lots of drugs where a
given action turns out to be good for sonething
el se and people use it for that.

But if you want, you know, the
"West i nghouse seal of approval,"” you have to show

it for that indication. That is the rule. | am
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not saying it is right. Therefore, this is not a
pediatric problem this is a general problem of
di scovering that a given action of a drug is useful
for another indication and whether or not you can
get the FDA to say, well okay, if you think so--it
just doesn't do that, | don't think

DR KEARNS: Well, one of the worries has
been the concern that if you put information in the
| abel, if you put PK or PDinformation in the | abel
absent information that proved efficacy in a
condition, the |abel would then foster additiona
of f-1abel use of the drug in children. You know,
think that is a little bit |aughabl e because
hi storically pediatricians have not been inhibited
at all fromusing drugs off-label. They won't be
conpel l ed by that issue in the future, but what is
hel pful for many people is to know that if they
gave a dose of X it woul d nake exposure Y whi ch was
simlar to that in adults. Then at the end of the
day the medical practitioner has to make the
deci sion whether he or she will utilize a medicine.

I don't have any trouble with |abeling
saying that this drug has not been evaluated in
children and its efficacy is not known. | think

that is okay because | amwlling to use other
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information to nake the decision. But in an
environment that is indication driven where the
indications in adults and kids can be very
different, it could set us back a little bit and
the decision tree, if done right, can fix a |lot of
t hat .

DR. SHEINER: | won't get the last word in
because | know you but - -

[ Laught er]

--one nore tinme, the thing is that what
you woul d have to say is that this has not been
shown enpirically to be safe and effective for this
i ndi cation. That doesn't nmean it isn't, it just
hasn't been shown. The m smatch between what is
approved for children and what is used in
children--1 think the attenpt of the flow chart is
to get close to that. But | think what you are
saying is that in the end it is only going to get
us part of the way there, and how should we dea
with the rest of the way because it would be nice
for the public to be reassured at sone | evel that
what the pediatricians are doing has been inspected
to sonme degree. But | amnot sure that we want to
mx that with the issue here.

They have bitten off an easier part, the
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sane indication, and now can we establish that the
concentration response is the sane for the sane

i ndi cation, and then we can just approve with the
PK, or something like that. That is an easier
problem Let's get that one all straight and then
let's nove on. As | say, | amtotally synpathetic.

DR. KEARNS: And | appreciate that nore
than you know. The same indication and the same
use is oftentines different and that is the
problem If you look at the |abeled indication for
many of the acid-nodifying drugs, it is to treat
nocturnal heartburn associated with synptomatic
GRDin adults. That is nutty. You know, that is
really nutty. But we use drugs in pediatrics for
the sane reasons. Wether it is hypertension,
asthna the sanme target, the sane therapeutic target
is there so | appreciate your words and | will stop
tal ki ng now.

DR. VENI TZ: Larry, maybe just one
comrent, you are |ooking for scenarios where it is
likely to use the currently nodified decision tree,
acute indications, synptomatic indications. You
may be nore likely to use pharmacol ogy-driven
approval /| abeling rather than chronic indications.

DR. LESKG It would seemlike that would
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have to be the case in the sense that it is the
effect that you would neasure early on in this
decision tree. Thinking of the alternative or the
phar macol ogi cal effect in an acute condition,
woul d expect that would be fairly close to the
clinical endpoint in the sort of chain of events.
As in Geg s exanple, you have a nodifying of the
acid secretion in the gastric pH and then there is
an immedi ate benefit fromthat in the short term
and the change in the environnent of the stomach
woul d be close to what you want to achi eve at the
clinical endpoint. It gets alittle nore
conplicated in terns of picking on the effect when
you move into sone of the therapeutic areas that
Bill mentioned in the CNS area and the seizure area
where you don't have the conveni ence of the same
type of biomarker, if you will.

So, that was why one way | was thinking
about this, you know, rather than
one-size-fits-all, would be are there alternative
decision trees that could be thought about in terns
of what we have now and an alternative for those
i ndi cati ons where use and indication are sonmewhat
different but there is a close relationship between

drug nechani sm marker and endpoi nt where you coul d
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do sonething that could rely on | ess than efficacy
studies basically. But that is the open question

DR VENITZ: But it might be those drugs
as well that allow you to incorporate sone of the
preclinical information that he was tal ki ng about.

DR LESKO O course. | don't know the
extent to which that has been done. It makes sense
and Bill had a slide on that where he had prior
information. It was animal data. | don't know how
much of that is relied on in the current situation
I don't have any first-hand experience with that so
maybe Bill can answer.

DR. RODRI GUEZ: W thout nentioning the
drug, there is one drug that has been used
off-label in the pediatric population and there
have been concerns about some studies that were
done in the rodent nodel. Essentially, the agency
right nowis actually conducting studies in
primates, newborn, juvenile prinmates. W have
al ready collected the animals, and everything, and
the studies are about to start and, hopefully, we
wi Il answer the question once and for all. Not
only have the ani nal studies been done but you
wonder how applicable they are so you have to be

careful about that. So, we are trying to get as
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close as we can to the human primate with a

non- humman primate so we can then actually say,
fine, let's forget about it; go forward and | abe
this drug; it is okay.

So, we have to be careful about it but, on
the ot her hand, Phil Sheridan was tal king the other
day about the tissues that were actually obtained
fromsurgical interventions in patients with
sei zures and how those tissues were actually in
vitro exposed to nedications and the effect of the
medi cati on was actually being studied there. O
course, we cannot do brain biopsies on everybody so
that is the problemthere. But, essentially, there
could be, again, primate nodels that could be used.
It is expensive but actually in the long-run may be
| ess expensive than the 800 million dollars that
were nmentioned over here.

DR VENI TZ: Any nore comments to question
nunmber two?

[ No response]

Then let's try to tackle the |last question
for today.

DR. KEARNS: To answer nunber three, first
get a crystal ball.

[ Laught er]
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I don't think that we can ever know for
sure that adjusting dose and exposure will give us
what we want. | think that extrapolation is
predi cat ed upon assunptions that are reasonable
fromthe scientific and clinical perspective; that
are predi cated upon approaches that are well proven
and tested and show that they work, and when done
by men and women who understand the scenario in
which they are to be applied generally do produce
good results. At the end of the day as perfection,
I don't think we will ever achieve that but we have
conme a long way. | think the stuff Bill presented
is evidence that we have conme a long way with the
pediatric initiative. | think we can inprove it.
It is a work in progress. Then we should be
expected to deal with the deviations.

Tomorrow we are going to tal k about
phar macogenetics and | am | ooking forward to that,
and | can tell you that in doing phase 1 and phase
2 PK work, having pharmacogenetic data in children
is very, very inportant to understand how nuch of
that variability is really associated with age as
opposed to a certain pol ynorphi smand an enzyne.
But | don't think we will ever reach perfection

DR. VENITZ: Let nme maybe add sonet hi ng
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nmore specific to that. | think in general when we
are adj usting doses based on exposure we are
tal ki ng about exposures to the parent drug. So,
am al ways worried when | | ook at drugs that are
hi ghly nmetabolized. Phase one netabolites may be
active or have safety issues related with them
So, as a general rule | would be nore skeptica
about dose adjustnents for highly nmetabolized drugs
that formpotentially active netabolites, again,
just as a way of stratifying risk. So, drugs that
are readily elimnated via netabolism | think
adj usting the dose to achieve the same exposure
with the intent to achi eve the sane response nakes
sense. But if you have a drug that has ten
met abolites and three or four of themare known to
be active and you don't really know how active
relative to the parent, then adjusting the dose
j ust based on parent exposure may not be
reasonabl e.

Any final comments? It |looks as if we are
all netabolized for today. Everybody is ready to
take a break. So, let nme conclude our first day's
meeting. Let me thank all the speakers and
committee nenbers for their valuable input. W

wi Il reconvene tonorrow norning, bright-eyed,
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1 bushy-tailed, at 8:30, sane place. See you
2 t onor r ow.
3 [ Wher eupon, at 5:10 p.m, the proceedings
4 were recessed to resune Tuesday, Novenber 18, 2003

5 at 8:30 a.m]
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