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PROCEEDI NGS
Call to Order

DR. BYRN. Good norning, everyone. Wlcone to the
Phar maceutical Science Advisory Commttee Meeting, the
second day, Novenber the 16th, 2000.

| would Iike to ask Nancy Chanberlin to read the
Conflict of Interest Statenent.

Conflict of Interest Statenent

DR. CHAMBERLI N: Wl cone.

The foll ow ng announcenent addresses the issue of
conflict of interest with regard to this neeting and i s nade
a part of the record to preclude even the appearance of such
at this neeting.

Based on the submtted agenda for the neeting and
all financial interests reported by the commttee
participants, it has been determned that all interests in
firms regulated by the Center for Drug Eval uation and
Research whi ch have been reported by the participants
present no potential for an appearance of a conflict of
interest at this neeting with the foll ow ng exceptions.

Since the issues to be discussed by the Commttee
at this neeting will not have a unique inpact on any
particular firmor product, but rather may have w despread

inplications with respect to an entire class of products, in
accordance wth 18 U . S.C. 208(b), each participant has been
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granted a waiver which permts themto participate in
today' s di scussi ons.

A copy of these waiver statenents nmay be obtai ned
by submtting a witten request to the Agency's Freedom of
Information O fice, Room 12A-30 of the Parkl awn Buil di ng.

Wth respect to FDA's invited guests, there are
reported affiliations which we believe should be nade public
to allow the participants to objectively evaluate their
comments. Dr. Mchael Hale is the Internal Director,
Cinical Pharmacol ogy at d axo-Wellconme. Dr. Richard
LaLonde is the Director of dinical Pharmacokinetics and
Phar macodynam cs, Pfizer d obal Research and Devel opnent.
Dr. Diane Mould would like to report that she is stockhol der
on Pharsi ght Science Advisory G oup. She consults for Xoma,
Sm t hKl i ne Beecham and Hoffrman LaRoche. Dr. Robert
Hol | enbeck is Vice President of University Pharnmaceuticals
of Maryl and, Inc.

Wth respect to all other participants, we ask in
the interest of fairness that they address any current or
previous financial involvenents with any firnms whose
products they may wi sh to conment upon.

Thank you.

DR. BYRN. Before Helen gives us our wel cone and

introduction, I would |like the commttee, starting on the
| eft, to introduce thensel ves.
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DR. DQOULL: John Doull, KU Medical Center.

DR. ANDERSON: @G oria Anderson, Mrris Brown
Col | ege, Atlanta, Georgia.

DR. CHAMBERLI N: Nancy Chanberlin, Exec. Sec.

DR. BYRN. Steve Byrn, Purdue University.

DR. LAMBORN. Kat hl een Lanborn, University of
Cal i forni a/ San Franci sco.

DR. BOEHLERT: Judy Boehlert. | have ny own
consul ti ng busi ness.

DR. VENI TZ: Jurgen Venitz, Virginia Commonwealth
Uni versity.

DR. RODRI GUEZ- HORNEDO:  Nai r Rodri guez, University
of M chi gan.

DR. BLOOM  Joseph Bl oom University of Puerto
Ri co.

Vel cone, |ntroduction

M5. W NKLE: Good norning, everybody. Hopefully,
you all had a pleasant evening and are ready to start a
second day.

Before we tal k about today's agenda, | wanted to
thank Dr. Lanborn for doing such a wonderful job yesterday
of chairing the commttee. She hel ped us out at the |ast
mnute and | really appreciate all her help.

| also have a few things | want to nention about
yesterday's neeting. | thought the discussion was very
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good. | thought the discussion on reducing the chem stry
regul atory burden, | think there were sone very provocative
questions asked, and | just want to assure everyone on the
committee this is not the last tinme you will hear about this
particular topic. W are just beginning | think, as Dr.
Chiu said, to address this area, and | wanted to assure
everyone on the commttee that we will be |ooking at every
aspect of the products before we nmake the decisions, but we
wi |l be bringing those back to you, sone of our additional
t houghts on that probably at the next neeting. W are
| ooking forward to a | ot of discussion outside of the Agency
on this and then getting nore input fromthe conmttee, as
wel | .

| also wanted to nention on the O NDP Subconmm ttee
report, Dr. Lanborn asked what the next steps were and what
this advisory commttee could do to help in those. | wanted
to assure the coommttee, too, that we are in the process of
still reviewng the issues at hand, and a | ot of the data
that cane in fromthe subcommttee, as well as from sone of
the coments on the guidance. W have had a | ot of
information, and | wanted to let the commttee know that we
are not going to nove forward with any gui dances until we
are sure we have the issues determ ned on how best to handl e

each of them | think we will probably be bringing this
i ssue back, as well. | think that we will probably have a
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subconmmittee neeting again to go over sone of our questions
that exist after |ooking at the issues and then cone back
and report and get sone nore input fromthe advisory
commttee, so | just wanted to follow up on that.

Today's agenda, | think we have sone interesting
topics. W are going to start off with tal king about
several of the new gui dances that OPS has put out, the first
one being the Bi opharmaceutics C assification System There
has been a | ot discussed on this. This guidance has
recently issued and the committee has played an inportant
part in sone of our decision-making as far as the gui dance,
so we wanted to tell the comnmttee where we were with it.

W are also going to tal k about the General BA and
BE gui dance and its conpani on gui dance, the average
bi oequi val ence, and indivi dual approaches to establishing
bi oequi val ence.

The rest of the norning is going to be devoted to
Model ing and Sinmulation for Cinical Pharmacol ogy. | think
this will be a very interesting discussion and | think there
are a lot of issues here as far as our future direction that
we wll want to discuss.

After lunch, Dr. Hussain is going to tal k about
the FDA research in OPS, as well as Product Quality Research

Institute, and bring the commttee up as to what the current
focus of that institute is.
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Lastly, we are going to talk about failed bio
studies in generic drugs. Again, this is a new regul ation
that we are |l ooking to issue, and we are | ooking for input
fromthe commttee in the direction we should be going.

So, we should have a very good day and |
appreciate all your input and thank you.

DR. BYRN. Thanks very much, Hel en.

As was outlined, we are going to start with the
first section, which is Updates on Gui dances. The first
speaker is Ajaz Hussain, who is going to give us an update
on the Bi opharmaceutics C assification System

GUI DANCE UPDATES
Bi ophar maceutics C assification System

DR. HUSSAIN. Good norning. | have a brief
presentation which wll sort of outline the approach we took
in developing this guidance. | won't go into the details of
t he gui dance per se, but nore in terns of the phil osophy and
t he approach we took in devel oping this guidance.

[Slide.]

If you start with the tinme line, the process of
devel oping this guidance started early in the 1990s when
Prof essor Gordon Am don spent a year, a sabbatical at FDA
and | think that was the start of a research programthat

i nvol ved FDA, Medical Product Agency of Sweden, and several
uni versities especially Mchigan, Uppsala, and University of
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Mar yl and.

The research essentially provided the basis for
devel opnent of SUPAC gui dances, especially the SUPAC- IR
gui dance, and the Bi opharnmaceutics C assification System
base dissolution testing was introduced in the SUPAC
gui dance i n Novenber of 1995.

| joined the Agency in January of '95, so nost of
thi s happened before | joined the Agency, and Larry Lesko
and Vinod Shah led the effort at that point. | was assigned
this task and we put together a working group in April of
"96 to further evaluate the BCS applications and to actually
devel op a gui dance that outlines nethods for classifying a
drug, as well as extend its application beyond SUPAC- I R

W met wth the advisory commttee in 1996 to
outline our objectives and had an open workshop in 1997 to
di scuss our thinking at that tine. Based on several
wor kshops, essentially, we consolidated our thinking and
started towards witing a draft gui dance.

One key aspect that | want to nmention is we put
toget her an expert panel. At that tine, we had several
i ssues that needed to be discussed, and we put together an
expert panel to discuss those wth them and brought those
deci sions back to the advisory commttee in 1997.

Decenber 1997 was an extended di scussi on on BCS at
this advisory coomittee. W then had an AAPS wor kshop on
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focusing on perneability methods. What our thinking was and
got feedback fromthe public discussion at that point, and
then canme back to the advisory commttee to update our
met hods recommendation in the draft gui dance.

The draft gui dance was published in February of
1999, and we received comments from 11 conpani es. The
comments were not very extensive, but focused primarily on
met hodol ogi cal issues, and | will touch briefly on that
| at er on.

Bef ore we published the final guidance in 2000, we
had an internal training. This was training for our
reviewers, and we generally train our reviewers before we
put the final guidance just to make sure that if there are
any issues, we could correct those, and the external
training occurred in Septenber of 2000.

W are at the stage where we have to tal k about
next steps, and | will briefly discuss that also.

[Slide.]

In summary, the BCS guidance has a long title. It
is Waiver of In Vivo Bioequival ence Studies for |nmediate
Rel ease Solid Oral Dosage Forns Based on a Bi opharnaceutics
Classification System W call this guidance the BCS
gui dance.

In summary, what does this guidance provide? It
provi des recommendati ons for nethods for classifying a drug
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substance based on solubility and intestinal perneability.
The way we have defined intestinal pernmeability is stability
of the drug in the @ fluids as built into that process.

The gui dance introduces the criteria called rapid
di ssolution criteria for solid oral dosage fornms, and then
recommends bi owai ver for rapidly dissolving solid oral
dosage forns containing drugs that exhibit high solubility,
hi gh perneability, and also has a w de therapeutic index.

Qobvi ously, there are safeguards built in with
respect to excipients and this guidance applies when changes
are made that establish the excipients. |[|f there are new
exci pients, then, there are different issues that need to be
addr essed.

[Slide.]

When Larry Lesko initiated this work, it was truly
sort of risk based, and sone of you have seen sone of his
presentation, he laid out how BCS is used to mnimze risk
| amtaking a slightly different approach and how to sort of
explain how we | ook at BCS as a tool for managing ri sk.

When you deal with risk, you have three aspects
to that - assessnent of risk, and you need to start with a
clear definition of what the risk is, and in this scenario,
the risk is in terns of bio-in-equival ence.

So, you can phrase the question, well, what is the
ri sk of bio-in-equival ence between two pharmaceuti cal
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equi val ent products when in vitro dissolution test
conpari sons are used for regulatory decisions. So, that is
the question we tried to address.

When you assess risk, there are two aspects again
- likelihood of occurrence and the severity of consequences,
so those two aspects have to be dealt wth.

Then, you have a deci sion based on the risk
assessnent, and | amcalling that a regul atory deci sion.
Here, the key issue that one focuses on is whether or not
the risks are such that the project can be pursued with or
W t hout additional arrangenents to mtigate the risk.

| think the decision was taken early on that in
vitro dissolution, as we do for quality control, one point
specification was not sufficient, and that is the reason BCS
was devel oped, and I will share with you the thought
processes behind that.

Finally, acceptability of the decision is key. |Is
t he deci sion acceptable to society? Because eventually,
what we do here has to be accepted by the public.

[Slide.]

Bi oequi val ence, | think has a long and rich
hi story, and our regul ations essentially reflect that
history. |If you | ook at those regul ati ons, one would get a

sense that differences in drug dissolution are generally
considered to be primary reason for bio-in-equival ence. |
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say that with sort of a question mark, and | say that
because if you |l ook at the regulations as they apply to
solutions, oral solutions, the regulations state that

bi oavailability is self-evident for these products, and
sinply biowaivers are possible with the caveat that

exci pients used in those fornul ati ons do not affect
absorption, and that decision is generally based on

hi storical data of our inactive ingredient guide.

When you nove toward solid dosage forns, even
suspended solid dosage forns |i ke suspension, chewabl e
tablets, and so forth, dissolution cones into play, and yo
have nore rigorous requirenents of dissolution testing, as
wel | as in vivo bioequival ence.

If you |l ook at the bottom of the slide, when you
have controll ed rel ease and nodified rel ease dosage form
primarily the decisions for bioequival ence are made on in
vivo assessnent. For m nor changes in formul ations, you
could use in vitro dissolution when in vitro in rea
correl ati ons have been established, and we have a whol e
gui dance on how to establish in vitro in real correlation

But everything in between, imedi ate rel ease or
conventional tablets and capsules, we really don't see in

vitro in real correlations generally. You have a few

14

u

exanpl es of such correlations. The primary reason there is
di ssolution many tines is not the rate-limting step in the
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absorption process, and it is very difficult to establish in
vitro in real correlation

We have nanaged these products differently. For
the pre-1962 drugs, these are the DESI drugs, you had an
option of biowaiver. This is CFR 320.33, which was
essentially the first-class, Biopharm Cl assification System
and this dealt with therapeutic index, PK, and
physi cal / chem cal aspects of that, and we have severa
products on the market which are approved on that basis.

Then, cane SUPAC-IR and then dissol ution guidance,
and obviously, this is an old slide, the BCS gui dance.

[Slide.]

Let me start at a point in tine, 1986. This is
when we had a maj or FDA bi oequi val ence hearing. The topic
of in vitro dissolution as a neans for establishing
bi oequi val ence was di scussed at this neeting. This was in
Washi ngt on.

According to significant speakers at this
bi oequi val ence hearing, Arnold Becketts and others had nade
a strong case that in vitro dissolution essentially is
sufficient, and in vivo may not be necessary in all cases.

Just to quote one significant quote fromthat
di scussion was, "seens sensible to think that swall ow ng

sonething that turns into a solution rapidly would be
difficult to lead to differences fromone product to the
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next." W are tal king about bi oequival ence here. That was
Dr. Bob Tenple from CDER who said that.

Towards the end of the workshop or conference,
Professor MIlo G baldi essentially sunmarized this, that "
have | earned that there is no support here for attenpting to
provi de such assurance, nanely for bioequival ence, solely
wWth in vitro data."”

So, at that point in tinme, we didn't have
consensus of how do we nove forward fromthat point to the
present day.

[Slide.]

If you | ook at how we establish bioequival ence in
in vitro dissolution specifications, what are we | ooki ng at
here? You start w th pharmaceutical equival ent products.
The definition of pharmaceutical equival ent neans you have
the sane drug, the sanme anmount, and has to be tablet versus
tabl et, not tablet versus capsules, and so forth, so you
have a criteria that the products for bioequival ence testing
have to be simlar froma pharmaceutical perspective.

So, you have a reference product and a test
product. These could be innovator or generic or it could be
pr e- changes versus post-product, and there could be many
di fferences between the products. For exanple, the drug

particle size could be different, excipients mght be
different, manufacturing process, equipnment, size, batch,
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these are all things that could be different between the two
pr oduct s.

We est abl i sh bi oequi val ence based on the
tradi tional pharmacokinetic approach, and when these
products are terned bioequivalent, then, they are al so of
t herapeuti c equi val ence according to our Orange Book.

What you notice here is if you look at all the
products we have approved, generally, for inmedi ate rel ease
dosage forns, there is the same dissolution specification,
and this conmes in the USP.

So, bioequival ent products provide the sane
di ssol ution specification, but vice versa, not always true.

[Slide.]

So, if you look at the historical data the |ast 30
years or so, and sinply |look at the dissolution
specification that we set for quality control, and try to
estimate how frequently do we see failure of that
di ssolution test to signal bio-in-equival ence, what you see
is two dramatic differences.

Most of the tinme you see big differences in
di ssolution, but no difference in bio. That neans
di ssolution is far nore sensitive to formnul ation
di fferences, the dissolution test in vitro is far nore

sensitive to fornulation differences, but they do not
translate to biodifferences, and we have used the term
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"over-discrimnating” for that purpose.

That is good from one sense, but not good fromthe
ot her, but you have a few cases--and | estimated this with
this brief survey of the new drug subm ssions, that the
failure of dissolution test, the 1-point quality control
test to signal bio-in-equival ence as around roughly 20 to 30
percent, and really, clearly, we have to explain why that is
t he case.

[Slide.]

In the last 30 years, the debates that we have had
on dissolution are essentially sumari zed here. On one side
you have individuals who argue fromthe perspective that
di ssolution tests are "over-discrimnating," and, in fact,
the USP, Ronman Nunber page Xl of USP says, "Products that
di ssol ve about 70 percent in 45 m nutes hae no nedically
rel evant bi oequi val ence probl ens.™

This was based on analysis of all the therapeutic
failures early on that we saw for digoxin, and so forth.

So, that was the basis of what is in the USP, but on the

ot her hand, | think you have concerns that dissolution tests
are not sufficient to assure bioequival ence, and that has
been reflected in our regulation.

Qur regul ation al so says, "Denonstration of in

vitro/in vivo correlation is necessary" wth the caveat we
have known for a long tine that when you have a correl ation
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that tends to be product-specific or formulation-specific.
I f you change the fornulation significantly, then, that
correlation does not hurt, so that is the dilemma here.

[Slide.]

So, when you look at all the historical data and
try to figure out why did a dissolution test fail to signa
bi o-i n-equi val ence, and you cone up with sone of the reasons
as follows. One, very common reason tends to be
i nappropriate acceptance criteria. This generally refers to
t he one-point specification.

For quality control, we generally have one-poi nt
acceptance criteria. The dissolution needs to be 70 percent
in 45 mnutes or so, so that is the only criteria. To go
with that criteria, that |eads to bio-in-equival ence
decisions in sone cases.

There are reasons other than the acceptance
criteria, and these include inappropriate test nethod,
primarily the nmedia conposition especially the pH One
| esson that we had | earned | ong ago, but we still tend to
make that m stake, is for weak acids and weak bases wth PKA
bet ween ioni zati on constant between, say, 3 to 6, we tend to
use the wong nedia. That is where the failure tends to
occur. Media volune and hydrodynam cs al so can contri bute.

Clearly, when you look at in vitro dissolution
al one, excipient issues have to be addressed - do excipients
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af fect absorption, so that al so needed to be addressed.

There are other reasons. Many tines
bi oequi val ence studies fail to establish bioequival ence, but
t hat does not nean the products were truly bio-in-
equivalent. It was sinply a type Il error. Wen you repeat
the study with a | arger nunber of subjects, you have
est abl i shed bi oequi val ence.

[Slide.]

So, the biopharmclassification systemessentially
starts with the prem se that dissolution, solubility,
perneability are the key determ ning factors that affect
rate and extent of absorption, and sinply, the hypothesis is
that if you maintain the sanme concentration profile of a
drug substance on the intestinal nmenbrane, you have the sane
rate and extent of absorption.

So, the question is in vitro dissolution, does it
enul ate or does it reflect in vivo dissolution process.
amsure you are aware that traditionally, when we do
di ssolution tests we use 900 ml of the nedia, and sinply do
that test.

But if you take a | ook at what are the vol unes,
what are the physiol ogic waivers that inpact in vivo
di ssol ution process, you see sone differences here. After

an overnight fast--that is how we do the fasting--what are
t he vol une estimates?
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The vol une of gastric fluid is highly vari able.
You see values from4 m to 100 m dependi ng on how t hat
vol unme was collected. You adm nister the tablet or capsule
with a glass of water, the total volune available is a snall
vol unme, say, about 300 mMl. The pHin this fluid ranges from
1to 3 and if you have a chlorhydrate, it could be higher.

The residence time under fasting conditions is
variable. The approximate tine to enpty, say, 240 m of
wat er is about 15 mnutes. The perneability of the nmenbrane
in the stomach is | ow conpared to small intestine, and
surface tension is | ower than water.

Surface tension of gastric fluid tends to be about
30 to 50 tines per centineter. Surface tension of
di ssolution of nedia tends to be around 72 tinmes per
centineter, and variability is an issue.

Clearly, the volune available in the small
intestine is a bit nore uncertain, so what gets enptied from
the stomach plus the resident volume, so one could estimte
about 500 M. The pHranges from3 to 8, surface tension is
| ow. Residence tine is between two to four hours, and
perneability is high. Perneability is high because of many
different factors, surface area being one.

So, small intestine is the primary area of

absorption. Stomach is not a primary organ for absorption.
The ot her aspect for dissolution is
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hydr odynam cs, and we don't have a good sense of in vivo
hydr odynam cs. So, these are the uncertainties and
conplexities that are not captured in in vitro dissolution.

[Slide.]

So, based on these concerns, we essentially
devel oped criteria which sort of mnimzes the uncertainty
in here. So the Biopharmd assification Systemprimarily
focuses on drug properties, to start wth, so you are
| ooking at solubility of the drug and the perneability of
t he drug.

The high pernmeability class boundary is
essentially designed to ensure that the drug is conpletely
absorbed during the limted transit to the small intestine.
So, you are starting with drugs which essentially have
sufficient rate of perneability across the nenbrane, so that
absorption is essentially conplete within two to four hours.

The high solubility criteria is established to
ensure that solubility is not likely to limt dissolution
and, therefore, absorption.

So, those are the drug attributes, and overlaid on
that are the product attributes. The rapid dissolution
criteria that was devel oped was to ensure that in vivo
dissolution is not likely to be a rate-determning step in

t he absorption process.
[ Slide.]
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So, when you sort of overlay the solubility,
pernmeabi lity, and dissolution, you can establish certain
aspects of risk managenent. Drugs that have high
solubility, if you are fornulating these drugs, the primary
focus tends to be on manufacturability. |If the drug has | ow
solubility, for exanple, you have to focus on different
aspects enhancing solubility, enhancing dissolution rate,
and so forth.

So, the drugs on the | efthand side, which have
hi gh solubility, the fornulations are generally very sinple.
On the righthand side, when the solubility is |ow, you have
to invoke nore detailed formulation devel opnment plans to
conbat | ow solubility behavior.

Now, rapid dissolution is essentially likely the
drug has high solubility. That is sort of inherent. So,
when you have rapid dissolution, and the dissolution tends
to be essentially nore rapid than the gastric enptying
process, then dissolutionis not likely to be a rate-
limting step.

That sinply nmeans that the blood | evels you are
nmeasuring are not giving you any information on product
differences. In fact, the variability you see in bl ood
| evel s generally conmes fromvariability due to physiol ogy,

not product differences. So, doing bioequival ence studies
under those circunstances really is not adding val ue.
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Simlarly, the same case woul d be argued for C ass
1l drugs, which have | ow perneability, but high solubility.
In fact, one of the argunents we have seen is that we should
al so apply biowaivers for |low perneability drugs that have
high solubility, but we had some concerns, and the concerns
came fromthe point of view of excipients, as well as
rel evance of the volunme that we use for in vitro
di ssol ution.

Keep in mnd the perneability is the factor which
mai ntai ns sane conditions in vivo, and in vitro dissolution
volume is 900 ml to enulate the sanme condition, so we felt
that 900 mM was nore appropriate for a highly perneabl e
drug, but may not be so for a |l ow perneability drug.

On the other hand, for Cdass Il drugs, which
exhibit low solubility, there is a high Iikelihood that
dissolution is likely to be rate determ ning, and if that
happens, then, in vitro real correlations are possible, and
the argunent that these tend to be fornulation-specific
stopped us fromgoing in that direction, and Class |V drugs
are generally problemdrugs, so we have problens for d ass
Il and Class II1.

[Slide.]

So, what has been the acceptance of our approach

of BCS-based biowaivers? | think we have had strong support
fromthe scientific community. W have nmet with the

1
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advi sory conm ttee on nmany occasions, we have net with
expert panel, FDA staff, and public workshops, so the input
we received fromthese neetings and di scussi ons have been
very positive, however, there is sone concerns being
expressed, and the concerns were expressed at the public
wor kshop, as well as sonme coments that cane to the draft
gui dance.

Predom nantly, the concerns that have been
expressed is that our approach is overly conservative, and
peopl e have argued that we should extend the application of
bi owai vers for Cass IIl and Cass Il drugs. W felt that
it was nore prudent at this tinme to take a nore conservative
step because this is such a significant paradigmshift, in
terms of risk, it was felt nore prudent to be nore
conservative this tine.

The ot her concerns that have been expressed are
application to generics. | think of the 11 comments we
received from1ll conpani es, one was from generic, but 10
were frominnovator conpanies. O those 10, three expressed
concern that BCS-based bi owai vers should only be applied to
i nnovat or, but not for approval of generics.

| think we have al so heard concerns from
individuals, I think the concern being how can we approve a

product for the first time without doing in vivo testing,
and the answer to that is we do it right now for oral
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syrups, and so forth, and that concern was inpact of
exci pi ents.

Anal ysi s of inpact of excipients on
bi oavailability, in fact, we did find sone high-risk
practices with respect to use of sone excipients, but that
turned out nmainly for oral syrups.

| think this afternoon | wll briefly nmention to
you about a research publication that we have on conpari son
bet ween sorbitol and sucrose in oral syrups, and that turned
out to be nore of a higher risk because of the |arge anount
of excipients used in syrups.

In terns of excipients for tablets and capsul es,
solid oral dosage fornms, | think there was sonme concern with
respect to certain surfactants, but the anmpbunt of those
surfactants that we have approved in the Gui de woul d
general ly suggest that for a highly perneabl e drug, they
shoul d not pose a significant problem but, of course, if
sonebody uses excipients in larger anount, and so forth,
that would need to be qualified differently.

[Slide.]

So, the next steps that we face or the next steps
that we are taking now for further research, this would be
under PQRI, as well as our intranmural research which | wll

touch upon later this afternoon, and the focus primarily is
on extension of BCS-based bi owaivers for Class Il and d ass
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11 drugs, at the sane tine, trying to apply BCS-based
bi owai vers for "fed" bioequival ence studies.

Currently, the guidance applies only for fasting
bi oequi val ence studies, so the extension would be to "fed"
bi oequi val ence studi es, and significant work and approaches
have been proposed in the literature, especially people |like
Azia Karimfrom Searl e have adopted the classification
systemto predict the inpact of food on bioavailability, and
so forth. So, that information we are | ooking at, and we
have tried to extend that in that direction.

Conti nui ng our educational incentives for
practitioners and public. W feel this is an inportant
aspect because public confidence, confidence of the
practitioners in our approaches for bioequival ence is
extrenely inportant, and we are planning several neetings
Wi th practitioners and other discussions to pronote
under st andi ng of the science and foundation behind this
gui dance, and clearly, international harnonization is on our
m nd and we are focusing on that aspect also.

Thank you.

DR. BYRN. Questions for Ajaz? | think maybe we
shoul d questions until the discussion.

DR. HUSSAIN. W don't have | think open

di scussi on.
DR. BYRN. Ckay. Then, let's have questions now.
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Any questions for Dr. Hussain?

Ajaz, | just have one question relating to the USP
definition and the residence tinme in the stomach. |If the
drug only spends on the average 15 minutes in the stonach
and then passes into the small intestine, the USP statenent
seens to have to do with 45 m nutes, neaning that the drug
isn't fully dissolved as it is passing into the intestine.

Is that a problenf

DR. HUSSAIN. Not necessarily in the sense you
have to keep in mnd our rapid dissolution criteria that we
built for BCS | ooked at three different nedia, and the
reason for that was we don't synchronize the tine of
adm nistration wth the notility pattern, so there is
al ways the |ikelihood that in sone subjects, enptying could
be al nost instantaneous, so you have to build that concern
in.

But 45 mnutes froma different perspective |
think is a bit slow, one point specification in 45 m nutes.

DR. BYRN. Is a bit slow

DR. HUSSAIN. A bit slow, and we have seen exanpl e
after exanple were you see differences.

DR. BYRN. Wen was that USP statenent nmade?
HUSSAIN: | don't have ti.

BYRN: A long tine ago.
HUSSAIN: A long time ago, yes.

53 3
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DR. ANDERSON: Woul d you expl ain what you are

tal ki ng about in the rate-determning
7.
DR. HUSSAIN. In the absorpt

step? It is on page

i on process, a drug

has to dissolve in the nedia first and then diffuse across

t he nenbrane, so the perneability, the novenent across the

i ntestinal nmenbrane, and the rate at which the drug

di ssol ves. If the dissolution is slower than the rate it is

possi bl e to have across the nenbrane,
rate-limting step.

DR. ANDERSON: Okay. So, it
menbr ane.

DR HUSSAIN: Right.

DR. ANDERSON. Thank you.

DR, RCDRI GUEZ- HORNEDO:  Just

How are you dealing with weak acids or

t hen, that becones a

is crossing the

for clarification.

bases or salts that

span a wide solubility range in the pH range of the G

tract?

DR. HUSSAIN. The solubility criteria that we have

set, we take the mninumsolubility across a pH range of 1

to 7.5, and that has been criticized as being overly

conservative because, for exanple, weak acids, naproxen, and

ot her drugs, which have poor solubilit

have very high solubility in, say, pH
a candi date for sone of these waivers,

y in acid nedia, but

4 and above, woul d be
because di ssol ution
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woul d be very rapid.

The concern we had for drugs |ike those was that
when di ssolution is occurring, the dissolution will occur in
the small intestine, and when it is occurring in snal
intestine, the perneability is extrenely high for sone of
t hese drugs.

So, what we felt was dissolution, even though it
is rapid, could be rate limting, and when dissolution is
rate limting, differences between fornulations that would
be, say, particle size different, can be inportant, and we
are not sure whether in vitro dissolution would be
sufficient to cover that. That is the reason we didn't
extend it to those type of drugs.

DR. BYRN. Any other questions? Gkay. Thank you
very nuch, A az.

Qur next speaker is Vinod Shah. He is going to
tal k about General Bioavail ability/Bi oequival ence gui dance.

Gener al Bi oavail ability/ Bi oequi val ence

DR. SHAH. Good norning. | wll be making a
general presentation and provide you an update on the
bi oavai l abi l ity and bi oequi val ence studies for orally
adm ni stered drug products for general consideration.

This is a very general guidance which is

applicable for all types of oral drug products.
[ Slide.]
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In my presentation, | will first provide you a
very brief outline, then, tal k about the chronol ogy,
background information, and the inportant features of the
gui dance and the inpact that this guidance woul d have.

[Slide.]

In terns of the chronol ogy, we have discussed this
guidance in front of this advisory commttee several tines
with several different aspects, and then taken that advice
into consideration before we finalize the guidance.

The draft guidance was issued in August 1999.
Then, we had an AAPS wor kshop in Montreal, which was August -
Septenber 1999. The draft gui dance had several features
whi ch was very contradictory in nature, and that was the
reason why we had a | ot of discussions at this particular
wor kshop, and it was foll owed by the discussions at the
advisory commttee neeting primarily |ooking at the
i ndi vi dual bi oequi val ence i ssues.

W had al so the discussions with the Blue Ri bbon
Panel , which di scussed the val ues of the individual
bi oequi val ence, and we have taken all those points into
consi deration before we had finalized the guidance.

W had al so received several coments. All those
comments were revi ewed, appropriate changes were nmade, and

the final guidance is issued in October 2000, just |ast
nont h.
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[Slide.]

The major points in the guidance are it uses the
sound scientific principles to reduce the regul atory burden
by lowering in vivo requirenents wthout sacrificing the
product quality. That is the inportant feature of the
gui dance. We have tried to build the guidance based on
science, so that at | east we can stand on firmground as to
what the changes we are naking fromthe existing practice.

It defines proportionally simlar dosage forns.
Even though we have indicated in our CFR that the products
shoul d be proportionally simlar, there was sone anbiguity
as to how exactly that needs to be identified, and the
gui dance very clearly defines two different ways how it
coul d be applied.

It allows the waivers for the in vivo
bi oequi val ence of the higher strength of the i mediate
rel ease dosage forns. This was sonethi ng new whi ch was not
done before, but initially, we were allow ng the waiver for
the | ower strengths, but never for the higher strengths. |
will identify some of the cases where the gui dance does
permt that the biowaiver could be provided even for a
hi gher strength under certain circunstances. It allows the
wai vers for the in vivo bioequival ence requirenent for the

| ower strength of the i medi ate rel ease dosage formthat was
already in existence before, but it also now allows the
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wai ver for the nodified rel ease dosage forns under certain
circunstances. Again, that is a new feature in the guidance
which owers the regul atory burden, and also it elimnates
the multipl e-dose bi oequi val ence study requirenents for the
nodi fi ed rel ease dosage forns. Until nowit was required,
but now that would be elimnated, it is not necessary.

[Slide.]

Now, the gui dance does go into the details in
defining the bioequival ence, as well as the bioavailability
issues and trying to give clear differences between the two.

In brief, the bioavailability focuses on the
rel ease of the drug substance fromthe drug product and its
absorption into the systemc circulation, and it provides
the information related to the formul ati on devel opnent, the
rate and extent of drug absorption, its pharmacokinetics,
phar macodynam cs, and the netabolite characteristics of the
drug product.

Whereas, on the ot her hand, bioequival ence issue
or the bioequival ence focuses on the rel ease of the drug
substance fromthe drug product, and its absorption into the
systemc circulation. It is a conparative test that uses
specified criteria for the conparisons and predeterm ned
bi oequi val ence limts. So, bioequivalence is definitely a

conpari son with sonething which is already there.
[ SIide.]
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Now, | will try to start defining the
proportionally simlar. Wat do we nean by that?

The first definition is all active and inactive
ingredients are exactly in the sanme proportion. By that we
nmean that when you have, say, for exanple, three different
strengths of products, 100 ng, 50 ng, and 25 ng, then, apart
fromthe active ingredient, all the inactive ingredients are
al so exactly in the sanme proportion.

If you take 50 ng as the standard, then, the 100
ng tablet wll have all the ingredients, which is tw ce that
of the 50 ng, and for a 25 ng tablet, all the ingredients,
active, as well as inactive, will be exactly half of that,
and that is the classical definition of how we say that
everything is proportionally simlar.

But the second definition is saying that the tota
wei ght remains nearly the sanme for all the strengths and the
change in strength is obtained by altering the anount of the
active ingredient because it has to be, since you are
changing the strength, and one or nore of the inactive
i ngredi ents.

Now, here is the case where it is generally neant
for very small tablets or small anpbunt of the active
ingredients, for exanple, if the ingredients is 1 ng, half a

ng, or 2 ng, then, in those cases, it is very difficult to
obtain everything which is proportional to one another, and
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we say that all the ingredients, everything remains nearly
the sanme, and the only change, if the change in the anbunt
of the active ingredient plus maybe m nor adjustnents with
respect to the inactive ingredient, which will be replacing
for the active.

So, this is how we have defined the two different
ways of proportionally simlar drug products.

[Slide.]

Once we have these definitions, as it is defined
in our regulations, in terns of docunenting the
bi oequi val ence, in the descending order or preference of the
net hods, are the pharnacoki netic nethods, pharnmacodynamn c
nmet hods, conparative clinical trials, and in vitro studies.

For nost of the bioavailability, as well as the

bi oequi val ence, primarily, the bioequival ence studies, the

met hod of choice is the pharmacokinetic nethods. | wll go
slightly in nore detail into it.
[ Slide.]

In terns of pharnmacoki netic studies, the guidance
does provide information on the general considerations and
the study conduct, how the study needs to be perfornmed. It
al so provides the definitions for the pilot study and the
pi votal study, how and what it needs to be done.

The study design is a single-dose design. Wth
respect to that, there are several different types of it.
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The sinplest one is the crossover design for all inmediate
rel ease products, and the data analysis is done using the
ABE, neani ng the average bi oequi val ence.

That is our standard way, how the studies are
conducted today, how the data are analyzed, and there is no
change in that particular aspect. It is a single-dose,
crossover study for all immedi ate rel ease dosage products
except one exception, com ng down here, and the data
anal ysis is average bi oequi val ence.

Again, | would like to point out that this was the
area which was heavily discussed and debated in front of
this coomttee for last three, four years probably, and we
took the advice of these commttee nenbers plus the expert
menbers, and have cone to these concl usions.

So, for the immedi ate rel ease dosage forns,
crossover, single-dose study, using the average
bi oequi val ence criteria.

For the nodified rel ease dosage forns, again, it
is a single-dose study, but we are recommending a replicate
study design, but still the calculation is based on the
aver age bi oequi val ence, because it was felt that if at al
we are going to see any subject by formulation interactions
or any other issue for which the replicate study woul d be

useful, this would be the best scenario.
That was the recommendati on again that cane from
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this panel, as well as the Blue R bbon Expert Panel
Comm ttee, and we decided to go with that, that we will use
the replicate design and still request the same way of drug
approval as it is being done now, and that is to use the
aver age bi oequi val ence criteria for the drug approval
pur poses.

The area where we felt--and that was again the
recommendati ons--that the individual bioequival ence would be
very useful using a replicate design, would be to use for
the highly variable drug products.

This is a scenario where if you want to do the
standard singl e-dose, crossover study design, then, it may
requi re, depending upon the variability, anywhere between 60
to 100 to 150 subjects. In order to avoid that, the
replicate study design and the use of the i ndividual
bi oequi val ence criteria will definitely | ower the nunber of
subj ects needed, and it will nake it easier for the drug
approval purposes.

So, those are the three different types of the
studies and the analysis that wll be done in terns of the
phar macoki neti c studies, and they are defined in detail in
t he general gui dance.

Al'so, with respect to the pharnmacokinetic neasures

of the system c exposure and the total exposure, the
gui dance is also trying to nove away fromthe cl assica
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terms of define the rate and extent of bioavailability into
the system c exposure terns of bioavailability. | think
have a slide for that, too.

What it is talking about is three different ways
of exposure neasures. One is called the early exposure,
which is an area under the curve, truncated maybe up to the
Tmax of the nedian reference product. The peak exposure
woul d give the sane as the Chmax, and the total exposure,
meani ng the area under the curve. So, these are the three
different terns of exposure neasures which is described in
detail in the guidance.

[Slide.]

The | ast two neasures, the peak and the total, are
the sanme as we are doing it today, and we feel that the
early exposure mght be useful in sonme cases of the
i mredi ate rel ease products where you would like to have a
very rapid onset of the drug product, of the drug, for
exanple, in cases of the nonsteroidal anti-inflammtory
agents, you would like to have a very sl ow drug
adm nistration, and not a very rapid total dose to be
rel eased at the sane tine.

So, those are the cases where the early exposure
criteria mght be useful.

[Slide.]
For the imredi ate rel ease products, the general
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considerations, the focus is on the rel ease of the drug
substance fromthe drug product into the systemc
circulation, and the requirenents are the in vivo single-
dose study, they need to performthe in vitro dissolution
study, and the exposure neasures as the total exposure and
t he peak exposure, and since it is an imedi ate rel ease, if
there is a need then, and early exposure neasures need to be
defined here.

[Slide.]

For the biowaivers, as you heard fromthe previous
speaker, Dr. Ajaz Hussain, that for products which are
hi ghly sol ubl e, highly perneable, and rapidly dissolving,
you don't need to do any in vivo bioequival ence studies.

You can get the biowaivers, and for the | ower strengths for
the i nmedi ate rel ease products, you can get the biowaivers

as long as they are proportionally simlar, and you need to
performthe dissolution profile conparisons.

Whenever we use the word "dissolution profile
conparison,” we are again tal king about the total profile
determ nation, and using sinple statistical calculation
using the criteria, what we have defined as the f2 criteria,
which is a sinulated factor, and the value has to be either
50 or greater when you apply these equations.

Now, if the product is very rapidly dissolving
like in the case of the BCS C assification, one where the
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dissolution is nore than 85 percent in 15 mnutes, then, you
do not need to have the profile. Qherwi se, in every case
we need to have the profile and the profile conparison to be
done using the f2 criteria. So, you provide that type of
conpari son

[Slide.]

For the nodified rel ease dosage forns, just to
summarize it, for the bioavailability studies, which is for
the new drug applications, is single-dose fasting study on
all the strengths, a single-dose food-effect study at the
hi ghest strength, and a steady state study using the highest
strength. These would be the m ninumrequirenents for the
new drug applications.

For the bioequival ence studies, which is primarily
the ND applications, a single-dose replicate bioequival ence
study at the highest strength conparing the test and the
reference product, and a food-effect study at the highest
strength.

Pl ease note here that there is no requirenent for
a multiple-dose study in the case of the bioequival ence
st udi es.

[Slide.]

Wiy do we do that? Because we feel that a single-

dose study is considered nore sensitive in assessing the
primary question in a bioequival ence study, that if the
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rel ease of the drug substance fromthe drug product into the
systemic circulation, we feel that the nultiple-dose study
is not generally needed, and therefore it is not
recommended, and that is the reason why we reconmend only a
si ngl e-dose study for the nodified rel ease, extended rel ease
dosage forns.

[Slide.]

The studies are done only at the highest strength,
while the | ower strength provide the biowaivers. In the
case of the beaded capsules, the only difference between the
different strengths is the nunber of the active beads, and
therefore, you need to do the dissolution profile conparison
of different strengths under the approved single dissolution
best conditions.

For the tablets, it needs to be again the sane
dosage form should be proportionally simlar in the active
and inactive ingredients, and should be having the sane drug
rel ease nmechani sm

Under those circunstances, you need to do the
di ssolution profile conparison at |east in three nedia,
nanely, pH 1.2, 4.5, and 6.8, so that we can get an
assurance that even the different strengths wll be behaving
in the sane manner as the highest strength, and again in

this case, you need to do the profile conparisons.
This particular systemwoul d be al so applicable
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for the approval of the biowaivers for the postapproval
cases.

[Slide.]

There are three other features which are al so
clearly discussed in the guidance, one being the parent drug
versus the netabolites. Should netabolite be neasured for
t he bi oequi val ence studies or not, and if so, then, under
what circunstances?

It clearly says that as far as the bioavailability
studi es are concerned, both the parent drug and the
net abol ite shoul d be neasured and quantitated, but the
reduction in burden conmes when we go into the bioequival ence
study requirenents, where the recommendation is you neasure
only the parent drug.

There are sone cases where you nmay not be able to
neasure the parent drug, and you nay have to neasure the
nmetabolites. Now, those are identified here. The
measurenent of a nmetabolite is preferred when the parent
drug levels are too lowto allow the reliable nmeasurenents
in the biological fluids.

In that particular case, you neasure the
netabolites and all the bioequival ence criterias of the drug
approval should be nade based on the netabolite itself.

In the second case, when the netabolite
contributes significantly to the safety and/or the efficacy
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of the drug product, then both the parent drug and the
nmet abolite should be nmeasured. But in this particular
scenari o, the parent drug would be the prinme criteria for
t he bi oequi val ence eval uati on and determ nation, and the
nmet abolite woul d be providing supporting information for the
drug approval process.

[Slide.]

The second situation is the neasurenents of the
enantionmers versus the racemates. There have been sone
cases where people are indicating that even for the
bi oequi val ence study, you need to neasure all the
enantioners which are present in the conpound, but the
gui dance now provides a clear-cut definition that that is
not necessarily a requirenent.

For the bioavailability studies, the neasurenents
of both the enantioners should be done, but for the
bi oequi val ence study, the racemates, using a chiral assay,
is recommended unless all these followng four criterias are
met, and those are the enantionmers exhibit different
phar macodynam ¢ characteristics, enantioners exhibit
di fferent pharnmacokinetic characteristics, the primary
efficacy or the safety resides with the m nor enantioner,
and the nonlinear absorption is present for at |east one of

t he enanti oners.
If all these four criterias are in existence,
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then, both the enantioners should be neasured for the
bi oequi val ence study, and in that particular case, the
bi oequi val ence criteria of confidence interval would be
applied to both the enantioners.

[Slide.]

The third inportant factor in the guidance is for
the long half-life drugs. Again, here, for the
bi oavai |l ability purposes, there should be a conplete total
characterization of the half-life of the drug and total area
under the co-neasurenents, but for the bi oequival ence
purposes, it was felt that that is not necessary.

The partial area under the curve, truncated to a
certain point, could be used for the cal cul ations of the
bi oequi val ence, and those are the collection of adequate
sanpling tine to ensure the conpletion of the G transit
time of the drug product and the absorption of the drug
substance, and generally, that is considered to be 72 hours
w Il be sufficient enough, and therefore, area under the
curve could be truncated up to 72 hours.

[Slide.]

So, these are the general features of our BA and
BE gui dance, and now these ol d gui dances, which were there,
woul d be elim nated because now t he general BA/ BE gui dance

supersedes that and those are the two gui delines which cane
out in 1984 and 1993 for the extended rel ease dosage forns
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and the statistical guidelines, and al so several drug-
speci fic bi oequi val ence gui dances which were put out, al
t hese gui dances woul d be renoved fromthe web page
eventual ly.

[Slide.]

Now, the inpact of this guidance is it reduces the
regul atory burden while maintaining the sound scientific
principles consistent wwth the public health objectives of
mai ntai ning the optimally perform ng drug product on the
mar ket .

In brief, it provides the biowaivers for the |ower
strengths of the imedi ate rel ease products, nodified
rel ease beaded capsul es, and nodified rel ease tabl et dosage
forms, biowaiver for the higher strength of the i mediate
rel ease product.

In sone cases, if you find, for the new drug
applications, after the studies are done, and you find that
there is a need to increase the dose once the product is on
the market, then, provided you have studi ed that higher dose
one way or the other in your initial clinical studies, then,
t he hi gher dose wai ver could be provided based on the
di ssolution profile conparison it provides.

It also elimnates the nultiple-dose

bi oequi val ence study requirenents for the nodified rel ease
dosage forns, and there is a reduced enphasis on neasuring
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the nmetabolites in bioequival ence studies. W think that
all these features do help in reducing the regul atory burden
wi thout lowering or mnimzing the quality of the product.

Thank you very much. | will be happy to answer
any questions.

DR. BYRN. Questions for Vinod?

DR VENITZ: | aminterested in this issue of
parent conpound versus netabolite neasurenent. Let ne give
you two scenarios, and if you could explain to ne how the
gui dance woul d handl e that.

You have a drug that is known to be a prodrug, so
t he parent conpound presumably is inactive. The netabolite
carries efficacy and safety issues. You can neasure both of
t hem

Let's assunme you do a study and you find that in
ternms of the parent conmpound, the product fails, but in
ternms of netabolite, the product passes. Wat woul d that
mean?

DR. SHAH. Now, let nme go back. Are you able to
measure the parent drug?

DR. VENITZ: | amable to neasure both of them
yes.

DR. SHAH. You are able to neasure the parent

drug. Then, it will be the parent drug itself that we wl|
be neasuring for the bioequival ence purposes.
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DR. VENI TZ: Even though the parent conpound has
no pharmacol ogic activity? | amsaying it is a prodrug, so
the parent drug itself is inactive. The netabolite has the
phar macol ogic activity.

DR. SHAH. In that particular case, you neasure
all the netabolite. |If you are not able to neasure the
parent drug conpletely and quantify that in ternms of its
absorption and elimnation characteristics, if you are not
able to get a total profile for that parent drug, whether it
is a prodrug or not, then, you go into the netabolite.

DR VENITZ: But if the netabolite and the parent
conpound tell ne opposite things as far as the
bi oavail ability or bioequival ence assessnent is concerned,
how do you handle that? Which one counts nore or do they
count equal ? You could have a scenari o where one of the two
fails, and one passes, and what does that nmean with respect
to the product, is that a bioequival ent product or not?

DR. SHAH. If you have to neasure a netabolite
under the circunstance of 10, it should pass both the
requi renent of parent drug and the netabolite, if you have
to measure the netabolite.

DR VENITZ: If | amable to neasure both, and one
passes, the other one does not, what does that nmean with

respect to the product that you are testing?
DR. SHAH. Then, only the parent drug is required,
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not the metabolite.

DR. VENITZ: Even if the parent conpound is
conpletely inactive?

DR, SHAH: Yes.

DR. VENI TZ: So, you could have a scenario where
you are basing the equival ence on an inactive noiety.

DR. SHAH. Because what is happening is sonething
is changing in the body rather than the nolecule itself,
because what are we really interested here, we are conparing
the two products, where the only difference is in the
formul ation, and not difference anywhere el se.

So, that should be easily picked up by the parent
drug itself, and if you are able to neasure that. W are
interested in the drug rel ease of the product until it goes
into the systemc circulation. That is what we are
nmeasuring, yes.

DR VENITZ: Could I just follow up? | would nmake
the argunent that the parent conmpound, if it is inactive, is
clinically irrel evant.

DR. SHAH.  Ckay.

DR. LAMBORN: | think I wanted to follow up. |
can't believe that the circunstances, if it is feasible to
have the parent pass, and the other not pass, if that could

occur, | amsure that the requirenment would be that they
both nust pass, because it is just not--naybe you are
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thinking of it in terns of the fact that it would never
happen, but if it did happen, then, clearly, the active
netabolite has to be equivalent in order to have
bi oequi val ence.

DR. VENITZ: That is basically what I am sayi ng.

DR. BYRN. | thought the question was the reverse,
but it is the question the parent passes, the netabolite
doesn't, or is it the reverse?

DR VENITZ: O vice versa. |If you get
conflicting results by |ooking at parent conpound versus
nmet abolite, which one counts nore? What he is saying, |
think, is that the parent conpounds, if you can neasure,
counts nore, it overrides even though it m ght be
phar macol ogi cally inactive.

| am saying clinically, that doesn't nake sense.

DR. LAMBORN: | think it has to be a
m sunder standing for you to answer the way you answer ed.

M5. WNKLE: Larry is co-chair of the
Bi oequi val ence Coordi nating Commttee, and we have several
clarifications that we want to make on this, as well as on
our recomendations for |BE.

DR. LESKO Thanks, Steve. Thanks, Helen. | am
Larry Lesko from FDA. | chair the BCC, Bi opharm

Coordinating Commttee with Dale Conner from Ofice of
Generic Drugs.
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| do want to nake a correction to a slide that Dr.
Shah showed, which | think is a very critical correction.
He had a slide which recomended replicate design studies
for nodified release products and for highly variabl e drugs.

Part of the slide was correct, but part of it was
incorrect. | don't knowif you want to flip to that slide,
Steve, to bring it back up on the screen.

[Slide.]

DR. LESKO In the guidance, if you |look at the
section of the slide on Study Design - Single Dose, the
gui dance is correct and it recommends crossover design for
nost i nmedi ate rel ease drug products.

The slide is also correct when it states that the
gui dance recommends replicate design for nodified rel ease
products and highly variable drug products whether they are
i mredi ate or nodified rel ease.

| won't go into the reasons for that, but they are
delineated in the guidance on page 7 as to why we have
reconmmended replicate designs for these particular drug
products, and we felt there were significant advantages to
the information that we would acquire fromthese types of
studies. That is in the guidance. | think we put five or
Si X reasons.

| think the key point people need to understand,
however is that the analysis of these bioequival ence
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studies, not matter what they are, should be average
bi oequi val ence. We do not recommend in the guidance
i ndi vi dual bi oequi val ence for any of these replicate design
st udi es.

What we do say, however, is if a sponsor or an
applicant has a strong rationale for proposing an
alternative nethod for analyzing these replicate design
studi es, whether it be individual bioequival ence or anything
el se, they could cone in and discuss that on a case-by-case
basis wth the Agency.

So, that is a difference then in what Dr. Shah
presented in that presentation. That is inportant to
clarify. So, in a sense, we expect average bi oequival ence
as a routine, but the sponsor does have that option to cone
in and nmake a case and rationale for an individual
bi oequi val ence approach or a popul ati on bi oequi val ence
approach, or whatever else they feel would be appropriate
for their product, and they should do that nost likely in
advance before the study is conducted, and not after the
fact.

So, that was the clarification.

DR. SHAH. So, they can do either individual or
average, right?

DR. LESKO No. You are making it seem i ke the
conpany can nake that choice. W are recommendi ng aver age
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bi oequi val ence as a routine. They don't have to cone in and
ask the FDA, they can just do the analysis of the replicate
desi gn usi ng average bi oequi val ence. W are recomendi ng
that as the default procedure, if you wll.

The gui dance says, however, a sponsor nay have a
strong argunment or a strong rationale to feel they can use
anot her nethod, |BE, popul ation BE, or however el se they
want to anal yze that data, but then they need to cone in and
explain that prior to conducting their study. There is a
di fference.

DR. SHAH. COkay. Sorry.

DR. ANDERSON: I n your statenment on genera
considerations, you indicated that this nethod | suppose
uses sound scientific principles, et cetera, et cetera, you
see where | anf

There is a process up here which was followed to
reach the final guidance in Cctober 2000. | want to
concentrate on wi thout sacrificing product quality.

Was there anything in the process for getting to
the final guidance that woul d give you evidence that you are
not sacrificing product quality?

DR. SHAH. Yes, like we had the discussions at
this advisory commttee neeting. W also had the

di scussions at the expert panel neetings. W also had the
di scussions at the annual AAPS neeting. W also had the
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di scussions with the international neetings of that nature
where we had di scussed the general guidance and the
princi ples behind that. The sunmary of all that is that is
what we canme to the concl usion.

DR. ANDERSON: | guess one thing | left out. Dd
you have any | aboratory science data?

DR. SHAH. No, we did not have any | aboratory
science data, but that is why we are adding the dissolution
profile conparisons rather than having a single-dose and the
mul tipl e-dose studies, or single tinme point studies. W are
saying that if you have the total profile conparison between
the two different strengths, then, we would be at ease to
provi de the biowaiver for the | ower strengths.

DR. ANDERSON: | think | understand the individua
el enments, but when you put everything together, you don't
really have the | aboratory data that suggests that there is
no sacrifice in the product quality.

DR. SHAH. We did not have the in vivo data, but
all the data that we have in the Agency, we have taken a
|l ook at it, and all will neet the dose criteria. That is
why we cane to that conclusion. Those were the studies
whi ch has passed before, and there was nothing that we need
to worry about.

DR. LESKO | wanted to naybe clarify the question
that Dr. Venitz raised on metabolite, because | feel there
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is sort of confusion about that, and some | ogical confusion.

The first principle that we worked with in terns
of a parent drug and a netabolite, and the parent drug is
called in our regulations the "active noiety" in the dosage
formeven though it may not be pharmacol ogically active.

We have a footnote in the guidance that kind of
gets into that, the dosage formmay contain an active and an
inactive ingredient. The active ingredient may be a prodrug
that requires transformation to an in vivo netabolite or
active netabolite, or sonething like that, so it gets a
little confusing with the term nol ogy.

Let's just talk about it practically. |If you had
a prodrug that was adm ni stered and then converted into an
active nmetabolite, there are a nunber of issues that would
cone up there. The first question mght be is that prodrug
nmeasurable with reliable analytical nethods, and can you
| ook at it over tine as would be necessary in a
bi oequi val ence st udy.

If that were yes, | think we would | ook at that
prodrug as a neasure of bioequival ence separate and apart
fromthe fact that it is not pharmacol ogically active. The
reason is that the goal of a bioequival ence study is to | ook
at the release of the active ingredient as defined in our

regul ati ons which include a prodrug fromthe dosage form
and the prodrug would then be the marker for the rel ease of
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a drug substance from a dosage form

If you said no, | amnot going to | ook at a
prodrug, | amgoing to | ook at a netabolite, you confound
t he bi oequi val ence determ nation to the degree that the
nmetabolite profile is a function of two things, its rel ease,
the release of its parent, and its conversion to a
netabolite, as well as the clearance of the netabolite.

So, the question is what are you nmeasuring when
you nmeasure the area under the curve of a netabolite. It is
confounded by both absorption, as well as elimnation, and
it is not a clear indicator of bioequival ence.

So, | would say that we would prefer to | ook at
the prodrug when it could be neasured adequately and over
tinme.

Now, there is a second part to the story. |If
there is a netabolite that contributes significantly to
safety or efficacy, we recommend that that netabolite be
nmeasured, and we say in the guidance that the neasurenent of
that netabolite can be used as supportive information
relative to the determ nation of bioequival ence. So, we
don't ignore an active netabolite. W do recommend that you
measure it.

The |l ast part of that is, well, how do you nake a

regul at ory deci sion on bioequivalence, and if the netabolite
is the reliable entity that you are neasuring in the bl ood,
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the prodrug is too low, you can't nmeasure it, we would use
confidence intervals on the netabolite.

On the other hand, if you had both prodrug and
net abol ite, neasurabl e adequately over tinme, we would put
confidence intervals on the prodrug, because we feel that
nmeasures the dosage form performance, and we woul d | ook at
the netabolite for any significant differences, and if there
were sonme, it would raise some questions.

So, | hope that sort of addresses your question to
sone degree.

DR. SHAH. | guess that is what it is on the slide
and is consistent with what Larry has indicated and what we
di scussed.

DR. BYRN. Any other questions? | amsure, |ike
in other cases on this matter, that the Agency, if you are
getting conflicting data |ike the question raised, that that
woul d be a strong indication that you woul d conmuni cate with
the Agency imedi ately and di scuss the issue in a neeting or
a conference call

Any ot her questions? Ildentify yourself, please.

MR. RASH D:. | am Abdur Rashid from Pharm
Ki netics Labs.

What is the requirenent for food studies for

i mredi at e rel ease products?
DR. SHAH. | suggest you wait until the food
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ef fect gui dance cones out.

MR. RASH D. Gkay. | have another question. You
di d not discuss the population requirenent for these kinds
of studies, and this is nuch different fromwe used to see
in the standard gui dances.

Now, the recommendation for enroll nment of wonen
and el derly?

DR. SHAH. Well, this was just a brief update, but
what we are recomending in the guidance is you need to try
and get as many different subjects as possible, different
types of subjects, different races and all, but the main
statistical analysis is to be only between the products.
You do not have to do the subsections and subcriteri as,
subcategorizing with respect to the statistical analysis.

I f you have a product that is going to be
adm nistered, let's say, primarily in elderly patients,
then, we would recommend that you try and get at |east 60
percent of the population which would be of that particul ar
age.

So, that is a recommendation. Again, we are
i ndicating you need to try your |level best to get that type
of popul ation rather than just using under normal, healthy
subj ects, which nornmally, the studies are done in the

students of 18 to 24 years of age primarily.
DR. BYRN. Dr. Lesko.
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DR. LESKO | would like to just elaborate on the
answer that Dr. Shah provided on the food studies, because
not everyone may be aware of the situation with the food
st udy gui dance.

Currently, as the question was posed, | would
recommend that the people that do food studies and
bi oequi val ence follow the current procedures that FDA has in
pl ace, which are the traditional procedures. W haven't
changed anything with respect to food studies at the nonent.

Dr. Shah was referring to a food study gui dance
that we have published on the Internet for public coment,
and we are currently review ng those coments and trying to
rewite our guidance on food studies in |ight of those
coment s.

That process isn't done yet, and you can't, at
this point, for exanple, conduct food studies as was
described in our draft guidance that we put on the Internet,
because after the public comment period, we did nmake sone
changes in that guidance, so it is going to be different
than what was on the Internet, but it is not conplete and we
don't anticipate conpleting that until the first quarter of
next year.

So, ny sense at this point is we are going to put

t hat gui dance out again for public comment on the Internet,
and then after that, we wll proceed to finishit. So, |
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think it is inportant people realize that the food study
requi renents are those that were currently in place.

Wiile | amhere, | ammght as well elaborate a
little bit on our thinking since I was involved with it on
the population. W felt in the recruitnent of subjects for
bi oequi val ence studies, it is inportant to capture test
subjects that are as close to the actual patients that wl|
be involved with switchability in terns of generic drugs,
for exanple, and we have recommended to sponsors to broaden
the recruitnent of subjects into these bioequival ence
st udi es.

What that neans is we would not want necessarily
to see exclusion criteria for certain parts of our
popul ati on as has been done sonetines in the past where it
was mal e vol unteers between a certain age, and so on, and so
forth. We would hope that sponsors woul d not exclude
certain subpopul ati ons or subsets of the popul ation, but
make an attenpt to include a representative population in
t hese types of studies.

DR. BYRN. Any ot her questions?

MR, AGRAVWAL: | am Miukal Agrawal from Roxanne
Labs.

When the | abeling for an innovative product says

that there is no docunented food effect, and a generic firm
is trying to develop a product, what is the requirenent for
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a food effect bioequival ence study?

DR SHAH: Is it immediate rel ease or nodified
rel ease?

MR, AGRAVAL: | mmedi ate rel ease.

DR. SHAH. Then, if there is a | abeling which says
no food effect, then, you don't need to do any food effect
studies. That is our current standards.

Just one clarification again comng up fromthe
two different BCC chairs.

DR. LESKO | apol ogi ze for these corrections, but
| think they are necessary, so there is no confusion, and
both Dale and | are both at the m crophone. W are co-
chairs of the Bi opharmaceutics Coordinating Committee.

If a label, in fact, says what the gentl eman said,
my understanding is that for a generic product, they would
have to conduct a food study for a generic product. |If the
| abel says there is no food effect, that neans the test
product would al so have to have a confirmation study that
denonstrates no food effect, and therefore, a fasting and a
food study would be required for that generic product.

DR. CONNER:  Requested for the product.

Just another clarification or addition to what
Larry said before, and what he said about what we ask for,

for food. Only one small thing changed in this guidance
about food studies, and this one is to the sponsor's
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benefit, in that if you will recall, before, we did a three-
say food study, so we had the test under fed conditions, the
reference under fed conditions, and we also did an
additional armof the test under fasting conditions.

The original thought was, well, we wll figure out
how much of a food effect between fasting and fed there is,
but when you really think about it, that is kind of a nice
to know, and not necessary for making a judgnent whet her
this product is truly equivalent in the fed state.

| think it is probably two sentences or so that
deal with food studies in this guidance. That actually has
been changed. So, in effect now we have a two-way study,
fed test versus fed reference, and that third arm the nice-
t o- know arm has been elimnated by this guidance.

We have other changes in the works, as Larry
referred to, but it will be a considerable amount of tinme
before those are finalized.

DR. BYRN. One nore tine. Are there any nore
questions?

[ No response. ]

DR. BYRN. These coments are excellent to clarify
the guidance, so | think this is very worthwhile, so thanks
to everybody for their coments.

W will go to the next discussion, which is an
update on a guidance. Mei-Ling Chen is going to give us an
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update on the Average, Popul ation, and Individual Approaches
to Establishing Bi oequival ence.

Aver age, Popul ation, and | ndividual Approaches
to Establishing Bi oequival ence

DR. CHEN. Chairman and nenbers of the advisory
committee, it is ny pleasure to give you an update on the
gui dance for industry.

[Slide.]

Over the | ast decade with the advances in
know edge and t he net hodol ogy, the FDA has published three
statistical guidances on bi oequival ence, and they are listed
on this slide.

The first guidance, published in 1992, focused on
t he average bi oequi val ence usi ng standard two-treatnment
crossover design.

The second gui dance, issued in 1997, the
prelimnary draft guidance, it tal ked about popul ati on and
i ndi vi dual bi oequi val ence appr oaches.

In the third gui dance, published in 1999, | ast
year, that was the nost recent docunent on the topic.

[Slide.]

As reflected in the title, the 1999 draft gui dance
i ncorporates the 1992 gui dance, updates the 1997 prelimnary

draft guidance. It focuses on the various study designs,
statistical criteria, and the nethodol ogies for establishing
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bi oequi val ence. However, this guidance does not deal wth
the question of when to use a specific criterion. As you
know, this question has been addressed in a general
bi oavai | abi l ity and bi oequi val ence gui dance that was
di scussed by the previous speaker, Dr. Vinod Shah

[Slide.]

In terns of regulatory application, as you al
have heard, that the Agency has essentially followed the
recommendation of this advisory commttee fromthe |ast
commttee neeting in Septenber 1999.

Replicate designs are recommended for nodified
rel ease dosage forns and highly variable drugs. Average
bi oequi val ence i s recommended for nost bioequival ence
studi es, however, sponsors and applicants have the
opportunity to provide rationale for using another
criterion, for exanple, individual bioequivalence for highly
vari abl e drug products.

Currently, popul ation bioequival ence is proposed
for use in the in vitro testing of nasal and oral inhalation
drug products.

[Slide.]

This slide shows the outline of the guidance. The
gui dance covers three criteria and tal ks about the various

study designs including replicate study designs, non-
replicate study designs, and parallel designs.
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Thi s gui dance al so includes a section that deals
with the m scell aneous i ssues that are often encountered
during anal ysis of bioequival ence studies, such as studies
in multiple groups, carryover effect, and outlier questions.

At the end of the docunent, there are eight
appendi ces that provide further details of all the
statistical nethods.

[Slide.]

For the benefit of new nenbers on this advisory
commttee, | would like to briefly go over the general
princi ples and the concepts for these three criteria, and
t hen hi ghlight the changes to the draft gui dance.

The main differences anong the three criteriais
that the current approach, average bi oequival ence, focuses
on a conparison of popul ation neans between the test and the
reference product.

The popul ati on bi oequi val ence and the i ndi vi dual
bi oequi val ence conpare both neans and vari ances.

[Slide.]

So, in general, an equival ence approach relies on
a criterion to allow conparison, a confidence interval for
this criterion and a predeterm ned bi oequivalence limt, and
this slide outlines the corresponding fornula for the three

bi oequi val ence criteria.
[ Slide.]
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A key concept for the proposed popul ati on and
i ndi vi dual bi oequival ence criteria is to conpare the
di stance nmeasure between the test and reference
formulations, T-R, with that of the reference fornulation
against itself, RRprine. So, the distance neasure is
expressed by the expected squared difference and this
conparison is denoted as a ratio of the two distance
measures indicated on this slide.

[Slide.]

Derived fromthe di stance concept, you can see
that both popul ati on and i ndi vi dual bioequival ence criteria
conpare the distribution, that is, the conbination of the
mean and the variance between the test and the reference
products, and that result in a general formas shown on this
slide.

So, you may have noted that the general form
appears as a conparison to the reference variance, and that
is why it is often referred to as reference scaling.

Ref erence scaling neans that both criteria are scaled to the
variability of the reference product, and it is logical in
the way that reference to a product has been denonstrated to
be safe and effective clinically, so its variability, well
defined to therapeutic wi ndow and therefore, it should

determ ne the bioequivalence |imt of the drug product.
[ SIide.]



© 00 N o g b~ wWw N PP

N N e e e i e o
W N P O © 0O ~N ©o O M W N B O

NN
(S N

66

However, sonme comrent has expressed concerns that
this criterion with both nmeans and vari ance in one equation
also with the reference scaling, a test product with a | arge
average difference m ght be approved.

To address this point, the current guidance
indicates that further constraint on the point estinmate of
the geonetric test and reference nean ratio to fall within
80 to 125 percent. So, in addition to the bioequival ence
limt based on the confidence intervals, we will require
constraint on the nean difference.

[Slide.]

After the publication of this draft guidance in
August 1999, we only received a dozen or so public coments.
The Working G oup has reviewed these public cormments. The
draft gui dance has been revised by the Wrking Goup and the
Bi ophar maceutics Coordinating Commttee.

The gui dance is now goi ng through the internal
cl earance, and we hope that we can publish the final
gui dance soon

That is ny update today. Thank you.

DR. BYRN. Questions for Dr. Chen? Yes, Kathleen.

DR. LAMBORN. | was interested in your statenent
about where this use of the popul ati on bi oequi val ence st ood.

In the one slide it says that popul ati on bi oequi val ence is
used in the in vitro testing of the nasal and oral
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i nhal ati on, and when you spoke, you said it is proposed for
use.

Is it currently the nethod in place or is it just
part of the proposed gui dance?

DR. CHEN. It is included in the draft guidance
for nasal and oral inhalation products, and the draft
gui dance has been published on Internet, and that is the
gui dance that Dr. Wally Adans di scussed yesterday.

DR. LAMBORN: That is why | asked. So it is, in
fact, not part of an existing approved guidance, it is part
of a proposed gui dance.

DR. CHEN: Correct.

DR. LAMBORN: | just wanted to make sure
under st ood.

DR. BYRN. O her questions for Dr. Chen?

[ No response. ]

DR. BYRN. Thank you very nuch.

Let's take a 10-m nute break. W have gone over a
little bit, so | think we can take a 10-m nute break and
resune here within 10 m nutes, by 10: 25 by ny watch.

[ Recess. |

DR. BYRN. Technically, we are not supposed to
have questions fromthe floor during this part of the

neeting, however, we have deviated fromthat on occasi on
when it seened inportant, and we did do that this norning.
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W don't have nmjor regrets about that, but we are not
supposed to do it.

So, what we are going to do on this part of the
nmeeting, since we have a discussion and then an open hearing
after lunch, is we will go ahead with the presentations.
Then, the commttee wll discuss. Then, after lunch, we can
have questi ons.

Unl ess there is sone question that you just can
absolutely not stand it any further and nust interrupt the
meeting, then, we will recognize you, but we will try to
follow that procedure. Then, we will be nore in line with
t he gui dances that we operate under because we don't want to
deviate fromthose.

This is going to be a very interesting session on
Cinical Pharmacol ogy. The first speaker is Dr. Larry
Lesko, and he is going to speak on Mddeling and Simul ation
| nt roducti on.

CLI NIl CAL PHARMACOLOGY
Model i ng and Sinul ation Introduction

DR. LESKO Thank you, Steve, and good norning,
ever ybody.

| think everyone, at |east up on the stage, has a
copy of the slides that I will showng to introduce this

topic for discussion before the coonmttee. Those in the
audi ence wi Il have the advantage of |ooking at 3D blurry
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slides, it looks like. | see a |lot of shadows on those
slides, but we will have to bear with it.

[Slide.]

This is atopic that we like to bring before the
committee to have sone discussion that probably is part of a
foundati on of further discussion on the applications of
nodel i ng and sinulation in the future as we nove with the
trends in technol ogy and applications in drug devel opnent,
to nodeling and simulation becomng a nore inportant part of
regul atory revi ew and deci si on- naki ng.

[Slide.]

| would first say that this is not a revolutionary
topic for public discussion. |In the past, nodeling and
sinmul ati on has been an integral part of the way FDA conducts
busi ness.

There are many applications of nodeling and
sinmulation in the disciplines of clinical pharnmacol ogy,
bi ostatistics, and clinical nedicine. They range from PK/ PD
nodel ing to power analysis to study design.

But | think that there is within the Agency is a
consensus view of need, that we have to nove fromthe
stovepipes, if | can call it that, of nodeling and
sinmulation in respective disciplines to a nore broad

consensus view of the need for nodeling and sinulation in
the regul atory environnent.
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So, | see the need then for better integration of
nodel i ng and sinul ation across discipline lines, and | think
of clin pharmbiostat in clinical nedicine as those
di scipline lines, and a devel opnment of a conmmon techni cal
framework to ensure that nodels and sinulation are usefu
and neets the needs of biostatisticians, clinical
phar macol ogi sts, and clinici ans.

[Slide.]

Now, over the past, as | said, nodeling and
simul ati on has been a routine part of regul atory deci sion-
maki ng, and | have many exanples of this fromthe past five
years. | wll call them success stories. O course, there
are al so unsuccessful stories, which | won't present today,
but, for exanple, sonme of the success stories are the
bi oequi val ence of netered dose inhal er products and topi cal
corticosteroid products, which involve nodeling and, in sone
cases, simulation, to nmake a determ nation of bioequival ence
of innovator and test products.

Over the years, the Ofice of dinical
Phar macol ogy and Bi opharnaceutics has contributed to
deci sions on the approval of products for over-the-counter
use, for prescription use, where there were specific safety
questions related to exposure-response rel ationships, where

clinicians woul d pose "what if" questions, and we woul d use
nodel ing and sinmulation to provide the options to the
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physi ci an or deci si on-nmaki ng on approval.

Al so, over the |ast couple of years we have had
many cases of approving changes in doses of previously
approved products, dosing reginens or route of
adm ni stration on the basis of a nodeling and sinulation
exerci se that answered the questions about relative risk and
efficacy and safety.

Al so, in the past we have had a nunber of
gui dances in the clinical pharmacol ogy master plan--1 wll
call it that. W have brought sone of those gui dances for
di scussion before this conmttee on drug interactions, how
to conduct and anal yze renal studies, hepatic studies,
popul ation PK, and in all those guidances, we put in a
conponent about nodeling and simulation to build a
groundswel I, if you will, of quantitative analysis based on
nodeling and sinmulation for interpreting the outcone of
t hese studi es.

[Slide.]

So, we have a future vision for nodeling and
sinmulation that is a grow ng enthusiastic vision where we
woul d have, in the Agency, an integrated environnent for
nodel i ng and sinul ati on where we can devel op in sonme cases,
apply in other cases, or in other cases, still rely upon

nodel s and sinulation that support a number of things.
Model i ng and sinulation, we envision in an
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i ntegrated way can support the regul atory deci si on- maki ng
process in sone current and new ways, can support drug
devel opnent activities when we are asked to comment on a
drug devel opnent plan that involves nodeling and sinul ation,
and al so there are occasi ons when we neet wth conpani es who
are doi ng sone advance planning for clinical trials, for
exanple, Phase II1l trials, where they specifically request
sone input on the plans for those clinical trials, which may
be based in turn upon nodeling and simnul ation.

[Slide.]

If you look at the trends in nodeling and
sinmulation, there are significant opportunities really
across the whol e spectrumof activities in drug devel opnment
and regul at ory deci sion.

They range fromusing ani mal PK/ TK dat a,
phar macoki neti cs/toxi coki netics data, to support the first
dose in man, dose-response data to devel op and refine the
process by which doses are selected for Phase Il clinical
trials, using PK/PD relationships to interpret changes in
phar macoki netics in patient subsets, such as patients with
renal and hepatic di sease, and nore recently, nodeling and
simul ati on has becone nore and nore sort of linked to
clinical trial sinmulation, CTS, to explore the range of

critical study design issues that allow for the designers of
clinical trials to |ook at tradeoffs in terns of subject
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nunber, study design, doses, and so on. So, the opportunity
to |l ook at many variabl es simnmultaneously and their inpact on
projected clinical trial outconmes is another application.

So, the opportunities are there, the technology is
certainly there, and the payoffs may be there or potentially
may be there in the years to cone, but one can inmagine very
easily sonme high potential payoffs froma concerted effort
to pursue nodeling and simulation in this environnent,
reduce cost in terns of time and noney of the drug
devel opment process, for us in FDA, | think an increased
assurance and quality of our regul atory decisions, and those
two things in turn | think lead to the final outcone, which
is better drug products and information on how to use those
drug products in package inserts nmade available to the
Aneri can public.

[Slide.]

Wth that little background, here is what we plan
today for the commttee. W have invited Mke Hale to
present the current trends in nodeling and sinmulation in the
drug devel opnent process. W are as interested to know this
as anyone, and Mke will give us an up-to-date perspective
on where things currently are in drug devel opnent.

Next, we are going to have a presentation by Peter

Lee. He is co-chair, along with Stella Machado, from
Biostatistics, of an FDA Wirking Group that is looking into
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nodel i ng and sinul ati on technol ogy and standards with the
eye towards a future nodeling and sinul ation environnent
wi thin FDA.

Finally, we have two experts at the tables, D ane
Moul d and R chard LaLonde. These are experts in this field.
They are advanced users of this technol ogy, and they are
going to participate and share sone of their expertise, as
wel | .

| think with that, Steve, | will turn it back to
you, and if there is any questions, | would be happy to
answer them

DR. BYRN. Thank you very much, Larry.

W will just go ahead with the first speaker,
which is Dr. Mchael Hale from d axo Wl | cone.

The Applications of Sinmulation in Drug Devel opnent

DR. HALE: Thank you.

[Slide.]

It is a pleasure to be here today and tal k about
this topic. It is one that has been very controversial for
many years, and | think we are noving in a direction,
hopeful |y, of better agreenent.

One note for those of you with the handouts, there
are largely progressive disclosure slides, and sone of them

may be a bit confusing if you are just | ooking at the paper.
[Slide.]
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| would i ke to start off with just briefly

| ooki ng at how we generate information. |If you will |ook at
the right, this is the traditional collect data stage. This
is the summari ze, analyze, interpret stage. W are very
famliar with those in the drug devel opnment process because
it is a very visible process. That is what is obvious to
anybody | ooki ng at our business. So, we won't do these in a
very open, publicly avail able manner.

The FDA al so participates in those two areas in
ternms of review ng, evaluating, approving, rejecting, and so
we have a long history of working together, although from
somewhat different perspectives.

But we have this third region, the region where we
nodel , sinulate, predict, and | amcalling this the Gey
Zone, because we use this area heavily in the pharmaceuti cal
i ndustry, but it seldomgets out of the door very nuch for
face-to-face discussions with FDA or other people.

It does, and Larry has indicated sonme successes,
and there are sone. Unfortunately, they tend to be the
exception rather than the rule. Part of it is because we
haven't yet devel oped an effective | anguage to speak with
one another. W haven't devel oped common shared
expectations, and it is ny understanding that is one reason

that this topic is on the agenda today, to ask the question
what we need to do to develop a better shared understandi ng
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of this grey zone.

[Slide.]

| would i ke to start with definitions.

Basically, | amtaking the point of view that nodeling and
sinmulation are the way that we have a technical expression
or articulation of what we understand or what we think we
under st and.

Wthin that context, within the context of our
science, we used nodeling as a way that we describe existing
data. That is, we have phenonena, we want to explain why it
wor ks or how it works, so nodeling is the nechani smwe use
for explaining what we observe, whereas, on other hand,
sinmulation is what we use to try to express our believe
about the future. It is used in a nostly predictive sense
or saying this is what | think is going to happen.

[Slide.]

Wiy do we do it? Well, we do it because we think
that it is necessary to provide inproved patient therapy,
first of all, so that we can get better clinical beneficial
effects, better safety for patients, and perhaps inproved
conveni ence of dosing and robust ness.

One of the unfortunate things that happens is a
drug that appears very effective in the clinic, goes out

into the real world, and people take it too frequently or
not frequently enough, or they take it with sone other drug
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that they shouldn't, and we have a drug that | ooked really
good in the clinical developnent that is a disaster once it
is introduced.

So, we would be very interested in finding ways
that we can produce nore robust drugs.

The other is to have a nore effective and
efficient use of limted resources. Anybody that keeps up
with the news knows that the cost of drug devel opnment have
been expl odi ng.

Pl ease don't take this as a firmfigure, | don't
know that there is really a good, firmfigure, but rule of
thunmb is you are | ooking at half a billion dollars or so to
get a drug to market nowadays, just in the R& part of it.
It is very expensive just in dollars terns and in terns of
nunber of patients that are exposed to therapy.

W would like to find ways to reduce the cost, but
we don't want to do it at conprom se, conprom se with
respect to either safety or suboptiml therapy. So, we
woul d i ke to have our cake and eat it, too, basically.

[Slide.]

Primary areas of use.

| forgot to thank ny many col |l eagues that hel ped
me. | do have to specifically nention Mark Sale, Keith

Mui r, Paul Mudd, and M sba Beerahee, some of ny coll eagues
at d axo Wellcone, because they did loan ne a few of the
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graphics you will see today.

One of the comments | got on this slide in
particul ar was, well, why not just put up everything we do,
and | said, okay, fine. It is virtually everything we do in
drug devel opnent. There is al nost no area of drug
devel opnment that is untouched by nodeling and sinulation.

[Slide.]

In preparing for this, I sent a note to several of
ny preclinical and nonclinical colleagues, and | said can
you tell nme some of the areas where you are currently using
nodel ing and sinulation, and | got back these replies just
froma very small group of people. This is just barely
scratching the surface.

It is used very heavily in | ead optim zation, |ead
selection. It is used very heavily in the manufacturing and
anal ytical stability. These are all areas where nodeling
and sinul ati on has been used for many years.

| can tell you ny personal background. Before |
entered the dark forest of clinical pharmacology, | did a
|l ot of CMC work in process optimzation and anal yti cal
devel opnment, and those tools have been in that area for many
years, and we woul d not have the ability of manufacturing
processes we have today without it.

[ Slide.]
One of ny col |l eagues, Anne Hersey, gave ne this
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slide. This is a conceptual nodel of how the data el enents
cone together. That is, we take sone statistical and
mat hemati cal tools, and they are very diverse, ranging from
sinply algebra to cellular automata, and neural networks.

We add in sone sinple physiochem cal descriptors,
and we al so do sone ani mal work, sinply animal ADVE, and
then we try to devel op common thenes, so that we can do a
better job of sone of our |ead devel opnent.

[Slide.]

In early clinical developnent, | would go ahead
and make a bold claimhere, and perhaps it is not bold, that
virtually every drug that we take into human beings is
t hor oughl y nodel ed before we even get to base one.

Now, when | say "thoroughly nodeled,” | nean we
w Il use aninmal nodels to figure out what kind of doses to
start at and what we expect to look for in ternms of safety.
These are not necessarily precise nodels, | will not claim
that, but I wll say very clearly that we do not take drugs
into human beings without a pretty thorough ook in terns of
nodel i ng.

We do use those nodels to select a PK sanpling
schedul e, and we al so use those to figure out how nmuch
efficacy--or | should say beneficial effect--we can expect

froma drug and what kind of safety issues we m ght be
faci ng.
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| would also point out to this group at this tine
that safety is probably the biggest unknown at this tinme in
nodel i ng and sinul ati on, because for clinical or beneficial
effect, we know what we are | ooking for.

W can say we want to reduce bl ood pressure, we
want to | ose weight, these other things, it is a very well-
specified target in advance, whereas, safety is all coners,
and that makes it very difficult to build nodels when you
are in that kind of situation.

The | ast one, and the one that we actually use
heavily, is conparing new conpounds wi th existing conmpounds,
conpounds we are either devel opi ng I n-house or conpounds
that are already on the market.

[Slide.]

To give you sone kind of what a nodel actually
| ooks I'ike, we often have to break a nodel down into
conponent pieces and coll ect data defining each of the
connecti ons.

For exanple, this illustrates how we put together
a nodel for a drug for diabetic use. W started basically
with the dose of the drug and figured out how that affected
t he pharnmacokinetics, if you increase the dose, what bl ood
concentrations of drug do you see.

We then | ooked at the relationship between the
concentration in the blood and a biomarker, in this case
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glucose. W | ooked at the rel ationship between gl ucose and
an accepted regul atory surrogate gl ycosyl ated henogl obi n.

Then, we | ooked at the relationship between
gl ycosyl at ed henogl obin and the clinical response, that is,
t he consequences of diabetes. On the end, the
phar macoeconom ¢ people m ght take the rest of this nodel
and try to project it into the nmarket.

Basically, we build these pieces by, in this case,
we actually used aninmal data for sonme of these, we used
human data for some of these, and for sone others we even
went to other drugs in the sanme cl ass.

These all are not necessarily a | ogical
progression of one drug. W kind of take bits and pieces
and stitch themtogether. That is realistically the only
way we can do a lot of this now

[Slide.]

This is another exanple, and | want to thank M sba
Beerahee for providing this one. |In this case, we were
| ooki ng at safety because contrary to what | told you a
nonment ago, for this particular conmpound we did pretty nuch
know what to expect for safety, and, in fact, there was a
drug already on the nmarket.

It had, if you |look at the blue squares here, this

was the fitted safety relationship to concentration, and the
data you see here, the red dots and the black dots, are
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actual observed safety versus concentration data in humans
at two different doses.

Now, we had a new | ead conpound, and the people in
Early Discovery asked us, is this a conmpound worth taking
forward into humans, and so we | ooked at sone ani mal dat a.
The ani nmal data gave us this green curve, and so we were
abl e to superinpose those two curves and then conpare out
new | ead versus the existing drug on the market, and nake an
eval uation based on sensitivity and specificity as to
whet her this was a drug worth advanci ng or not.

[Slide.]

Here is another exanple. This one is fairly
sinple, but I think it is also insightful in that we are
| ooki ng at how half-life and how dose inpact the use of this
drug.

For exanple, the first one is rather obvious. W
have a plot here of clinical effect, in this case percent of
maxi mum i ncrease in effect versus daily drug dose, and we
have a typical signoidal curve here. W have one for a 12-
hour half-life and one for a 6-hour.

At this point intime, we only had animal data,
and the aninmal data told us it mght be as I ow as 6 hours,
it mght be as long as 12 hours, we weren't sure, so let's

| ook at those two possibilities and project what we m ght
expect in man in terns of dose.
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So, you can | ook at the dose curve and figure out
what kind of effect you can expect based on dose for either
12- or 6-hour half-life.

Now, if you don't want to go al ong the dose axis,
you can go vertically. In other words, for a fixed dose,
how does half-life inpact effect? So, this is a very
interesting kind of figure in that we can either go
horizontally and figure out for fixed effect what does the
dose need to be given half-life, or we can go vertically and

ask how does half-life inpact this for a given dose in terns

of effect.

[Slide.]

Now, later in clinical devel opnent--and by "later
clinical devel opnent,” | nean proof of concept, region and
after, Phase Ill postmarketing--we use it to try to optim ze

our dose. W use it to try to extend to popul ati ons that
may not have been directly studied.

W al so want to | ook at alternate dosing regi nens.
As it turns out, there is an infinity of dosing regi nens,
and we only realistically can | ook at maybe a coupl e, maybe
three in late stage clinical devel opnent.

Optimal tinmes and neasures for evaluation. This
m ght mean how often does the patient need to conme into the

clinic for evaluation. |f we are tal king about bl ood
sanpling, it mght be is it one hour, two hours, six hours,
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what ever post-dose.

It mght regard surrogate markers. This is
actually one of the very large areas where we use simnulation
internms of evaluating sanpling tines and what neasures to
| ook at.

I ndi vi dual i zation of therapy, a very controversi al
area, or exam nation of statistical test. This is the
classic use of sinmulation. Statisticians for years have
used sinulation to evaluate statistical properties of
various tests.

You may have noticed | have not specifically
mentioned clinical trials sinmulation. Part of that is
because it is going to be so well nentioned el sewhere,
particularly in Peter's talk, but we do use clinical trial
sinmul ati on on occasion to project what our expected trial
outcones are, and it is actually probably one of the
toughest things to do in this whole area, but we certainly
do it.

[Slide.]

| want to show you one exanple here where we use
sinmulation to try to exam ne how t herapeutic drug nonitoring
m ght or m ght not be useful for a group of patients.

In this case, this involved an approved drug.

There is a PK/PD rel ati onship that had been denonstrated in
the literature, and it was also the case that people in the
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clinic were saying why don't we use therapeutic drug
nonitoring, we have a PK/PD rel ationship that is published,

why don't we use it, so that we nonitor our patients, and

those that are at AUC |l evels, that are very |low on the PK/ PD

curve, why don't we boost them up higher on the PK/ PD curve.

That met with quite a bit of opposition fromthe
heal th econom sts. They said we are not sure it is
worthwhile to do that froma cost point of view, how many
peopl e woul d actually benefit fromthat. Maybe people are
already |l argely at high enough AUCs, why should we bring
theminto the clinic and sanpling.

So, what we did here was | ooked at the
rel ationship between patient AUC on this axis, and this is
in terns of popul ation percentile. So, if you go to the
right, these would be patients that have a very hi gh AUC,
and at the left, these would be patients that have a very
low AUC. On the vertical axis, we have a probability of
achi eving a beneficial effect.

What the sinulation showed here, when you get
these two curves, the blue curve is what happens when you
follow a fixed dosing schedule, and the dashed curve there
i's what happens when you use therapeutic drug nonitoring.

What this shows is that the curves converge

sonmewhere around 60 percent. Now, what that neans is that
peopl e at the popul ation 60th percentile and above get no
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benefit fromtherapeutic drug nonitoring in terns of
ef fectiveness. They are already achieving sufficient AUCs
to give themthe full benefit of the drug.

The people at the very | owest ends--and | haven't
shown that part of the curve, they just fall like a rock
al nost here--also don't benefit, but the people in this
region right in here do benefit, people from about 10
percent to 30 percent, we can really substantially increase
their expected therapeutic outcone by therapeutic drug
nonitoring, so at that point it becones a decision for the
clinicians and the econom sts to decide is it worth doing.

| should point out the reason we did this was
because this allowed us to | ook at a huge variety of
different ways of therapeutic drug nonitoring. In this
case, we actually used a quality control kind of schene
where we had action limts, warning limts, two out of
three, things like that, and the sinulation enabled us to
| ook at a wide variety of different schedul es.

[Slide.]

When | was told about the purpose of this neeting,
| tal ked with a nunber of people, and they said you really
need to nmake sure you | ook at sone of the key issues, don't
just go tell themwhat we do, also, tell them sone of the

key issues we face.
So | would like to ask the question: Wy woul dn't
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a rational person accept nodeling and sinulation?

| woul d propose that there are three legitimte
reasons to chall enge a nodeling and sinulation project.

The first is the prem ses or the assunptions. You
mght legitimately say | don't accept your results because |
don't accept your assunptions.

You al so m ght chall enge the inplenentation. You
m ght say your assunptions are fine, you are just not doing
a very good job of inplenenting your assunptions.

Lastly, we could fail in interpretation.

[Slide.]

| want to look just briefly at a way forward. The
premses | will propose fall into tw classes. The first
class of premises is those that are verifiable. By
"verifiable," | mean that there is sone way that we can
reach expert agreenent, that there is sone basis for experts
getting together and said yes, we agree on this assunption.

Usual ly, that will involve sone supporting data,
conpelling plausibility, accepted theory in nodels, common
under st andi ng of science, things |like that.

The second category woul d be areas where we
legitimately di sagree, and | woul d propose that those are
the subject of a simulation study, that if experts disagree,

if we disagree widely on our assunptions, let's put those
off the table, over into the area of uncertainty, and
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explicitly study themas factors in our sinulation.

So, | would propose the key difference on
assunptions is areas where experts agree and where experts
di sagree, use that as a classification as to whether we
ought to include an assunption as a given or include an
assunption as sonething that we are studying.

[Slide.]

Now, one way you can determ ne which class it
falls into, things we consider to be nore certain fall in
the left colum, the verifiable. Things that are | ess
certain, if we disagree, take it out of the left colum, put
it in the right col um.

How does it get out of the right colum into the
left? Well, over tinme, as we get smarter, as we get nore
data, nore know edge, as the science advances, we will nobve
things out of the right colum into the left colum. It is
just the natural progression of science.

[Slide.]

For inplenentation, there is really only one
guestion, and that is: Do the nodeling and sinulation plan
and software faithfully enbody the prem ses? It is a
question easily asked, but it is difficult to answer.

[Slide.]

So, how do we gain confidence in inplenentation?
Actually, | think this is one of the key questions that a
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group, such as this, needs to give sone thought to.

| woul d propose there are two ways that we
approach this. First of all, there is a general franmework
that needs to be addressed, that is, that we need sone
st andar di zed accepted tools, sone industry standard tools
that we can use.

This woul d al so involve validated nodel libraries.
There are already sone efforts like this in the preclinical
area where sone people are trying to get together sone
nol ecul ar nodel s that are validated and w dely accepted.
These woul d need to be public and avail able for all to use.

Next, woul d be traditional software validation.
W need to make sure that the tools and the nodels we have
are thoroughly validated, and lastly, we will need sone
benchmark case studi es, sonme accepted exanples that we can
t hrough our nodels and software to make sure things work
correctly.

On the other side of the table, we have specific
applications. So, for a specific drug indication or a
speci fic conpound, we need to look at the credibility of the
i npl ementers, are these people that are expert in the art.

Frankly, | would prefer Picasso with crayons to an
ape with oil paints.

We al so need to think about independent review. A
| ot of tines we do that through peer presentation. W

1
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meetings, we have face-to-face neetings with FDA

gul at ors.

Anot her possibility mght be a third party. It

could be th
on prem ses

that to an

at reqgulators and i ndustry get together and agree
, agree on an inplenentation, but then contract

i ndependent third party is a possibility.

Anot her possibility is a line-by-1line checking,

which is hu
[

gely | abor intensive.

Slide. ]

The last area, interpretation, requires that we

col | aborate
t hose that

phar macol og
phar maconet

sci ence.

. It nmeans we need subject matter specialists,
are expert in clinical applications or clinical
y, statistical expertise, | amtold

ricians, people that really know about sinulation

We need to ask about rel evance. If the

si mul ati on,

bei ng asked

if the nodel is not relevant to the question

, that is a big issue.

And what about scope? Interpolation versus

extrapol ati

that need t

on? Those are fundanentally different issues

0 be addressed.

And precedence, do we have a precedented nechani sm

of acti on,

do we have experience in nodels in this drug

class, do we have experience in nodels for this drug

i ndi cati on?
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Probably one of the biggest needs we have right
nowis, as | said before, a nodel library, a validated node
library. W also need nodels for disease progression. Mny
times when we go to do a simulation, we |ack a good nodel of
di sease progression. As you know, bad input gives bad
out put s.

The assunptions we use for our sinulations hugely
affect the conclusions, and | think that has been the
bi ggest single conpl ai nt about nodeling and sinul ation, and
that is to sinply say since all of our outputs depend on
your inputs, | amnot sure | want to look at it, | am not
sure | buy into your assunptions, particularly when a | ot of
the work that goes on, goes on in a black box or behind the
curtain.

So, we need a process that is visible, that is
open, where there is accepted validated tools, et cetera, so
that we can actually have a process that people trust. This
is actually going to require working together, so we get out
of the grey zone and get industry and FDA tal ki ng together,
as we are doing today, to get agreenent on these things.

[Slide.]

To sunmari ze here, why not sinul ate?

| amgoing to claim first of all, that the

assunptions is a nanageabl e issue, that basically, we can
negoti ate agreenent up-front before we do a | ot of the
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nodel i ng and sinul ation, or we can actually negotiate which
prem ses we wi |l accept and which of those have to be
checked further.

We need to be careful, though, because if we put
too many things in the right colum of |ess certain, things
whi ch we nust sinmulate, then, we are not going to be able to
reach many concl usi ons.

In terns of inplenentation, this is achievable,
but it is going to be an intensive ongoing effort, in other
wor ds, even once we have validated nodels, we are stil
going to have to case-by-case | ook at whether the specific
application was done wel | .

Interpretation. It has been suggested this is no
different than interpreting standard clinical trials. That
is not entirely true because with sinulation we can actually
do lots of replication under varying conditions, but the
principle is the sane. That is, you need statistical
expertise, subject nmatter expertise, et cetera, but it is
essentially the same kind of intellectual activity.

[Slide.]

Lastly, | do want to provide you with a few
references. Annual reviews in Pharmacol ogy and Toxi col ogy
this year had two very relevant articles, one on sinulation

of clinical trials, and one on PK/ PD nodeling in drug
devel opnent .
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The FDA this year has had two advisory conmttees
on this topic. The Antiviral Commttee back on July 25th
tal ked about PK/PD for antiviral applications and | ooked at
di fferent neasures of exposure and how those related to
out cone.

There is another one | don't have on here, that is
very recent, that is Cardiovascul ar Advisory Conm ttee.
They al so | ooked at PK/PD, and I will call that nodeling
ki nds of issues.

There was al so a Good Practices Conference early
in 1999, and follow ng that conference, we devel oped a
consensus paper, and that was published on the web at the
Geor get own hone page.

There are nunmerous FDA guidances, and I w Il just
mention one here, the one on Popul ati on and
Phar macoki netics, which actually has a substantial anmount of
di scussi on about nodeling and sinul ation.

One of the things--and | wll for a few seconds
di gress here--we need to get out of the m ndset that
nodeling and sinmulation is the sane as PK/ PD nodeling. Mny
peopl e, when you nention sinulation, automatically junp to
clinical trial simulation, and when you say "nodeling,"
automatical ly think PK/ PD nodel i ng.

Those things are not synonynous, and we need to
think in terns of a broader framework, and when we talk



© 00 N o g b~ wWw N PP

N N e e e i e o
W N P O © 0O ~N ©o O M W N B O

NN
(S N

94
about nodels, we think to think nore about assunptions, and
| ess about a mathematical Emax or statistical nodel.

[Slide.]

Just real briefly, I want to point out to you
there is a FDA guidance that, in principle, says nodeling
and simulation is the kind of thing we need to be doing. It
doesn't say it in those words, you don't find the word
"nmodel ," you don't find "sinulation,"” what it tal ks about is
what do we need for quantitative and qualitative standards
for denonstrating effectiveness, and how can we use existing
data to nove to new applications.

Now, it does tal k about extrapolating entirely
fromexisting studies, and it does say that we can actually
nove into sone new areas and have an adequate denonstration
w thout additional trials. So, this guidance actually is
right on target in ternms of |aying dowm sone broad
principles, the principles being we should be able to make
rational use of existing data and apply expertise to extend
into new areas where it would be in the common interest.

Some of the exanples that were provided in that
gui dance were pedi atric bioequival ence, et cetera.

[Slide.]

| have got one | ast slide before ny summary, and

that is, do we currently conbine prem se, data, and anal ysis
for reqgul atory approval s?
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| amgoing to claimthat absolutely, and we have
done so for years. |In this case, if you |look at the prem se
that equivalent rate and extent gives you an equi val ent
drug, then, we add in sone data, data fromone, well-
control |l ed pharmacokinetic clinical trial. Then, we add in
one statistical analysis including a decision criteria.

So, we take those three el enents, a presunption,
sone data, and an anal ysis, and the conclusion we draw from
that is equivalent effect and safety, and this is done
without a clinical test of safety and effectiveness, which
| eads to an approval of a generic drug or bioequival ence.

So, | would propose to you that this concept is
al ready well established in the regulatory domain, and what
we are tal king about now is actually devel opi ng a new
| anguage, a new way we speak to one another, setting a new
| evel of expectation, so that industry and regul atory
agencies may actually get together and have nore or less a
common way of tal king.

[Slide.]

So, in conclusion, nodeling and sinulation are
natural, they are necessary for advancing the scientific
under st andi ng of drug characteristics. One of the things
that is very inportant to renenber is a lot of the early

uses right now are private and proprietary, that is, drug
conpani es are using these nethods |argely for devel opi ng
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| ead optim zation, selecting which candidates to take
forward, et cetera, and the nethods that are being used
there are largely considered to give conpetitive advant age,
and they are not considered to really inpact the final
ef fectiveness or safety. Basically, we cover all those
hurdl es well before we get to the discussion point with
ot hers.

Lastly, conbining prem se, data, and analysis for
agreed conclusions is not new.

Thank you very nuch.

DR. BYRN. Thanks.

Qur next speaker will be Dr. Peter Lee, who is
going to speak on A Franework of Mddeling and Sinulation in
Regul at ory Deci si on.

A Framework of Moddeling and Sinulation in
Regul at ory Deci si on

DR. LEE: Thank you, Steve.

[Slide.]

| think what we heard fromDr. Mke Hale is the
advocation of nodeling and simulation in drug devel opnent
process. Wat | would like to do is to describe to you a
framewor k of nodeling and simulation for regulatory
deci si on.

[Slide.]
| want to start out with a term nol ogy slide.
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t hi nk everybody may have heard many different definitions of
nodeling and sinmulation. As a matter of fact, just a few
m nutes ago, Dr. Mke Hale just gave a slightly different
version of the definitions, but I think we all talk about
t he sane things.

| want to give this definition, so that we can
clarify the term nology at |east for ny presentations.
think nodeling is an activity to determ ne the nmathemati cal
equations that can appropriately describe the data, and the
data can be described in different fashions. For exanple,
it can be described as a nechanismof action, and it can be
descri bed by the snoot hness of the data.

Sinmulation is a process to predict outcones of
specified conditions and using the nodel that has been
establ i shed previously.

Clinical trial sinmulation is actually a specific
formof sinmulation. It is used to predict the outcone of
clinical trials.

My presentation is going to focus on sinulation
and clinical trial sinulations, however, it is not possible
to review sinmulation w thout eval uating nodeling process,
because in a simulation we are using nodels, and we have to
know how good the nodel is.

[ Slide.]
So, the topic for nmy presentation today include
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the followng. First, I want to talk about what is the
trend of nodeling and sinmulation in current regul atory
subm ssions. Then, | wll talk about how nodeling and
simul ati on subm ssi on have been used for regulatory decision
in the past.

Il will nove into specifically a clinical tria
simul ation, what is the potential utility of clinical trial
simulations. Finally, I will talk a little what are the
directions and next steps for evaluating the clinical trial
simul ati on or nodeling sinulations.

At the end of ny talk, I wll pose an additional
question to the commttee, and hopefully, we can get

direction fromthe commttee regardi ng how we shoul d

pr oceed.

[Slide.]

So, how good is the current drug devel opnent
process? Here, | present several surveys by different

researchers. The first survey is conducted by Dr. Carl Peck
in CDDS Ceorgetown University.

Basi cally, what he shows is about 22 percent of
approved NDA require post-nmarketing dose adjustnent.
Al t hough we don't know too nuch background about this NDA
so we need to interpret the data with cautions,

nevertheless, | think Dr. Carl Peck concluded in the
Cardi orenal Advisory Commttee neeting earlier this nonth
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that pre-market drug devel opnent is inprovable regarding a
saf e dose.

Anot her survey by CVMR International shows that the
average NDA required 12 years and 350 to $600 million, it is
very costly and tinme-consum ng.

The | ast survey done by Price Waterhouse Cooper

shows that 30 percent of NDAs is non-approvable and 15

percent of the Phase |1l study failed.

[Slide.]

Wth all that, | think Price Waterhouse Cooper
cone out with Pharma 2005 report. In that report, they

indicate that in the next five years, pharmaceuti cal
conpani es are going to use sinulation to help them devel op
drugs. Actually, the sinulation will be in the center part
of the drug devel opnent process.

It will establish a know edge dat abase, and this
know edge dat abase will be used to design protocol and then
study will be countdown, and data will cone back and use
sinmulation to analyze the data. Eventually, the result wll
go back to the know edge database for the next study
desi gns.

[Slide.]

So, this is a vision by the Price Wterhouse

Cooper for the next five years, and let's take a | ook at
what is going on at this tinme. Basically, this table shows
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the application of sinulation in different area of drug
di scovery and devel opnent, starting from di scovery,
preclinical, clinical, and outcones.

The only point | want to show here is in every
singl e drug devel opnent process, there are sone sort of
simul ati on bei ng used, nodeling and sinulation being used to
support the process.

[Slide.]

So, the current environnent is that conputer-aided
trial design has been used by 17 out of 20 PhRMA conpani es,
and there are 1,200 different users. There are over 15
different software packages that can be used for sinulation
and nodel i ng.

We al so have past experience with nodeling and
sinmulation in regulatory decisions. W also see energing
subm ssions using simulation to support trial designs.

[Slide.]

This is another survey. According to Dr. Carl
Peck, there were over 100 clinical trial subm ssions have
been conducted in the | ast couple of years. On a survey by
Dr. Dan Wi ner shows that the nunber of clinical tria
simulation in different therapeutic areas.

Basically, what he shows here, the sinulation has

been done on any therapeutic area frompain relief,
cardi ovascul ar, CNS, diabetes, cancer, alnost any different
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therapeutic area, so it is not really limted by the
i ndi cation of the drugs.

[Slide.]

Here, | just want to show you sone of the past
experience we have in FDA in terns of using nodeling and
sinmulation to nmake decisions. | just want to go through
this really quickly. PK simulation has been used quite
often. W use single-dose data, nodeling with those data.
We do that all the tine.

PD simul ati ons, one exanple that Larry has
mentioned is the Al buterol bioequivalent. W use nodeling
and sinmulation to anal yze the data and test bioequival ence

based on pharnmacodynam ¢ rat her than pharmacoki netics.

Popul ati on PK i s another area we used nodel i ng and

simul ati on, about 40 percent our NDAs currently contains
sone sort of population PK analysis, and it is used to
identify subpopul ation that may have different PKs. Quite
often this information ends up in the | abel.

PK/PD simulation has a lot of utility, as Larry
alluded in his slides, can be used to bridging different
subpopul ations, different fornul ati ons, determ ne the dose
sel ections. W have anot her exposure response gui dance
com ng out to address sone of this.

[Slide.]
W al so have sone new experience specifically in
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the clinical trial simulation area. Although this is a very
new area, we don't have nmany exanples, but basically, we see
sone physiologic and di sease nodels in Al zheinmer's areas.

We have a physiol ogi cal nodel to describe QTc prol ongati on,
al so, in diabetes areas.

We al so see clinical trial sinulation to support
Phase 111 protocol design

[Slide.]

| just want to give you what | thought are good

exanples. This is an exanple in clinical trial sinulation

specifically. It is Drug X, and the drug shows only
mar gi nal efficacy in your Phase Il studies.
[ Slide.]

Simlar background. The drug is given as an IV
i nfusion, and the reason for marginal results in Phase Il is
believed to be the drug concentration may not be optinal.
[Slide.]
Here is a reason for the margi nal Phase |
results. This is concentration-effect relationship. Effect
is plotted at different concentrations. Here is the
pl acebo. Wen you see the concentration increase, you see
the efficacy increase, however, up to a certain point,
further increase of concentration actually resulting in a

decrease of efficacy.
[Slide.]
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I f you |l ook at a nunber of patients with different
concentrations, you see about 15 percent of patients
actual Iy underdose, and another 44 percent of patients
actual Iy overdose.

So, you have about 60 percent of patients which
didn't get the appropriate concentrations.

So, the idea of Phase Ill studies is to nove these
two extrenes into the center, so that everybody can get
appropriate concentrations.

The conpany actually see this so-called inverse U
shape, not only in the Phase Il study, but also in Phase |
bi omarker study in humans, as well as in preclinical aninal
dat a.

If you | ook at the overdose patients, this is
sinmul ated data, and these two |ines shows therapeutic
w ndows. You see the concentration increase quickly and
over the therapeutic w ndows.

The proposed new dosing reginen is that we w |
reduce at a certain tine point the concentration wll be
determ ned, and if the concentration is over the therapeutic
wi ndow, it will be reduced, so that it can fall into the
t herapeutic wi ndow, and then anot her assay or second assay
can be conducted. Again, if the concentration is above

t herapeutic window, it will be reduced again.
[Slide.]
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Now, if we | ook at those patients, and this is a
concentration profile, you will get into the therapeutic
wi ndow with tinme. Again, one of the proposals is giving a
| oadi ng dose, so that the concentration will get into the
t herapeuti c wi ndow and increase the infusion rate, so you
will maintain there.

So, this is all very nice theoretically. The
problemis the conpany hasn't conducted any clinical trials
to verify this will work.

[Slide.]

There are several design issues to interpret the
answer, for exanple, when do we do these assays, four hours,
three hours, two hours post-dose. Once we determ ne the
concentration is over the therapeutic wi ndow, how nuch did
you reduce the infusion rate, so that the concentration can
fall into the therapeutic w ndows.

How about the dropout rate, 10 percent dropout, 20
percent dropout. There are different severities. A patient
may respond to a drug differently. There is the conpliance
i ssues, and so on, and so forth, and this is a 2D6, how
about the phenotyping of the patients.

[Slide.]

So, the conpany considered all these factors |

just talk about and put it into a sinmulation, and trying to
identify different type of study design, and eventually they
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end up with three best study designs. The probability of
success rate is actually over 85 percent with these optinum
st udy desi gns.

So, if the conmpany used the Phase ||l study design,
there will be 60 percent of patients who nay not benefit
fromthe Phase Il design, only 40 percent will benefit, and
it ends up with very little power.

The clinical trial simulation, the conpany
actually identified a good study design, a good way to
conduct the study, so that we have a good, successful rate
for the Phase |11 studies.

To summarize the utilities of clinical trial
simulations, | just wanted to tal k about simulation
actually, and clinical trial simulation is just one form of
si mul ati ons.

This simulation can be used to predict PK under
conditions not studied, a single dose to nultiple dose, can
be used to sel ect optimum dose, can be used to design study.
There is a | arge nunber of publications out there to use
sinmul ation to design popul ation PK, to design exposure
response studies.

Can be used to eval uate change of pharmcodynam cs
due to the change in fornul ation, dose regi nen, and dosi ng

routes. They also provide bridging information for
subpopul ati ons, such as pediatric popul ati ons.
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All this actually is being used to devel op
informative | abeling | anguage in a package insert, so the
prescriber will be able to nore effectively prescribe the
drugs.

[Slide.]

As we saw, there may be additional utilities of
sinmulation, and this is nore specifically for clinical trial
simulation. | think clinical trial simulation can be used
to integrate preclinical, clinical pharmacol ogy, and
bi ophar maceuticals study results into a | ate-phase clinica
trial design to ensure safe and effective study designs.

Also, it can be used to design unbi ased, powered,
and robust studies to nmaxim ze the treatnment benefits-risk
ratio in the patients.

It can be used to explore "what if" scenarios and
conpare different study designs.

Finally, I think it is also inportant that it can
be used to conmbine nultiple discipline expertise in
review ng | ND and NDAs.

By "multiple discipline,” I mean clinical
phar macol ogy, biostatisticians, and clinicians.

[Slide.]

| think the key factors to successful sinulation

projects include the following. There has to be prospective
pl anning, just |like any other project in the review process.
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It should have sone kind of a well-understood
mechani sm of action, because a |lot of the sinulations are
used to predict sonething else, and with a good, honest-
endi ng mechani sm of action, the prediction or extrapolation
can be nore accurate.

Al so, the robust nodel is not overly sensitive to
assunption. | think Mke has tal ked about that.

Di sease progression nodel is also inportant. W
see a lot of failed simulation in the past just because
there is a | ack of disease progression nodels.

Avai l ability of exposure-response data is
i nportant because exposure-response data typically is the
center of the sinulations.

W shoul d have a bal anced i nput fromrel evant
disciplines. | think that is inportant.

Finally, it also depend on how far the sinulation
extrapol ated. W see an exanpl e where people nay use
preclinical data to predict Phase Ill results. It is

probably not going to be very accurate. However, if you

have a Phase Il study, and use that information to predict
Phase Ill, the result may be nore reliable.

[Slide.]

So, what are the issues at this tinme? | think the

i ssues are there is no consistent approach for CDER review
to assure the quality of nodeling and simulation projects.
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W al so have ot her FDA gui dance tal k about using
si mul ati ons, however, we never address the "best practice"
for sinulations.

We al so believe that proper review of nodeling and
simul ati on subm ssions may require FDA gui dance for
i ndustry.

[Slide.]

So, we have formed an MPCC Modeling and Sinul ation
Working Group just a couple nonths ago, and the goal of the
Wrking Goup is to assess the current state of art of
nodel i ng and sinulation, to explore potential for regul atory
applications of nodeling and sinulation, and determ ne
standards to assess the utility.

Al so, devel op a standard for nodeling and
simulation output, which is a report. Another is develop a
gui dance as a standard for review ng and critiquing nodeling
and sinulation reports. Finally, prepare a guidance for
i ndustry for reporting nodeling and sinulation results.

[Slide.]

At this tinme, | just want to sumrarize actually ny
position and pose the follow ng questions to the advisory
committee nenbers.

| think the first question is: How does industry

use sinmulation to help the drug devel opnent process?
think M ke has addressed that question.
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The second question is: Are nodeling and
sinmul ati on appropriate for drug devel opnment and regul atory
decisions? That is in Mke's presentation, and hopefully,
nmy presentation has addressed that question, as well.

The third question is: \What are the inportant
attributes for a neaningful sinulation practice?

[Slide.]

The next question is: Do we need an FDA gui dance
to industry regarding the best practice of nodeling and
sinmulation for regulatory applications?

If the answer is yes to the prior question, then:
What inportant information should be included in the
gui dance?

If the answer is no: \What are the critical issues
that need to be addressed before we nove forward to the
gui dance?

Wth that, | will turn the floor back to the
chai r man.

DR. BYRN. Thank you very nuch.

For the commttee, if you would get your agenda
out, the last two pages of your agenda are the questions
that have started to be addressed. | guess that is really
our job, at least one of our jobs as a commttee is to start

to address these questions.
Before we do that, are there any questions that
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arose that people would like to ask the speakers, the
commttee now that would |ike to ask the speakers to clarify
any issues of concern or of interest to thenf

[ No response. ]

DR. BYRN. Let ne introduce the guests or why
don't the guests that are here introduce yourselves and just
say where you are from D ane, do you want to start?

DR. MOULD: | am D ane Moul d, Geor get own
Uni versity, CDDS.

DR. LaLONDE: M nane is R chard LaLonde. | am at
Pfizer d obal Research and Devel opnent in Ann Arbor,

M chi gan.

DR. BYRN. W hope you will participate. D d you
guys have any questions for the speakers or any conments you
woul d I'i ke to nmake before we start on these questions?

[ No response. ]

Comm ttee Di scussion

DR. BYRN. Let's go ahead and start on the
questions. Cbviously, the first one we have had a sunmary
of. The first question is: How does industry use
sinmulation to help the drug devel opnent process? Cbviously,
we had tal ks that summarized that, but are there clarifying
i ssues or points that sonmebody would Iike to make?

DR, VENI TZ: Just a recommendation. |t mght be
useful to go beyond individual case reports and perform sone
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kind of a survey to see what conpanies in general do and
what kind of internal practices they have. Part of what
your working group is going to do is to conme up with
gui dances to address practices, and it mght be worthwhile
to figure out what the current practices are.

DR. BYRN. Yes, go ahead.

DR. MOULD: | would also like to just point out
that nodeling and sinulation actually are al nbst i npossible
to differentiate anynore. Sinulation actually is used in
qual i fying and validating nodel performance, and so if
peopl e do nodeling, invariably, they are doing sinulation,
as well, soit is adifficult concept to really separate any
| onger .

DR. LAMBORN: | guess | do in a sense have a
guestion that goes back to the FDA for bringing this
forward. To ne, it is not an issue of whether nodeling and
sinmul ati on have a role, as has al ready been pointed out.
They are clearly an integral part of what is being done now
in a range of ways. | nean everything from ani mal nodeling
to the use of pharmacokinetics to predict.

Also, | ama little bit confused as to why there
is a thought that there should be a single guidance on
nodel i ng and sinulation. It would seemto ne obvious that

what you would need to do is to approach each of the
gui dances that address either the di sease-specific or the
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bi oavai | abi li ty/ bi oequi val ence, any specific topic, and you
woul d, within that context, tal k about how nodeling and
simul ati on coul d be used.

In fact, the guidance that would cone out on what
woul d be needed for each conponent, whether it is what
assunptions are reasonabl e, what kinds of validation needs
to be done on the sinulation wwuld potentially be different
in each of those contexts.

| would be interested in what sort of a situation
you woul d expect that would override that distinction,
because | woul d have thought it would be nmuch nore effective
to approach these in the context in which they are going to
be used.

DR. LESKO | think that is a good point, and
actually, got ne to sort of a broader question, which isn't
part of the slide questions necessarily, and that is why
shoul d a reqgul atory agency care about nodeling and
sinmulation at all, in other words, should it be in a
position of being reactive to these kind of nodels and
sinmul ations that conme forward fromindustry, in other words,
be prepared to comrent on themor critique them or what we
heard from M ke was a | ot of internal decision-nmaking that
goes on, based on nodeling and sinul ation, and the question

becones at what point does this becone sonething that is
inportant to FDA to either react to or whatever.
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| think the other aspect of it is should the

agency be proactive in sort of advancing the notion that we
have good sci ence, we have good technol ogy, and being nore
of an advocate than we have been in the past for encouragi ng
the use of good nodeling and simulation in the drug
devel opment and certainly within our own regul atory deci sion
sort of practice.

So, there is really two approaches in a sense for
us, | think, to nodeling and sinulation.

That being said, | guess the question about it is
ki nd of case-by-case, do you apply nodeling and simulation
principles to case-by-case. | always think of case-by-case
as bei ng maybe prone to sone inconsistencies across the
different units, at |least within FDA

That is one of the concerns I would have that if
we are dealing with bioequival ence, you are dealing with
generic drugs. |If you are dealing with cardi ovascul ar
drugs, it is the cardiovascul ar division, and the sane
things wth the biostatisticians.

Is it possible to get at |east a general franework
of agreenent on the characteristics or attributes of nodels
and the inplenentation of sinmulation to verify them that
woul d be a standard that would cut across different offices

and different divisions, so that you don't have to go back
and sort of repeat that stuff in each case.
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So, | guess | envisioned a sort of best practices
framework that was very generalized in terns of--and | don't
know how general it would be--maybe it is a matter of these
are the key characteristics of a good nodeling simulation
exercise. You have got to clearly state your assunptions
that we understand. You have got to clearly define sone
characteristics of the nodel that represent a good fit to
the nodel or sonething |ike that, where everybody woul d say,
yes, | agree with that, now, let ne ook at ny specific
application in this particular case.

Sonetinmes | amafraid we are going to have to sort
of reinvent that with each particul ar case-by-case

application of the nodeling and simulation.

DR. LAMBORN. | think, if I could conmment, first
of all, I think it would be great if the Agency could be
proactive and help in bringing about use of this. | think

t hat whenever we have interactions across all groups that
have potential interest, we gain sonething and we nove
forward faster.

| think the other thing that | was trying to say
is | think that when it conmes to setting sone guidelines,
they are probably going to have to be very broad and j ust
sort of state the kinds of issues that have to be thought

about, but that the actual best approach and any of the
details are probably going to inevitably--they may be that
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there are sonme clinical trials ones that could cross
mul tiple disease areas, but the issues nay be very different
fromthings that m ght be done that woul d be bi oequival ence,
and there may not be too nuch detail that can be consi dered
to be common to those.

DR. LESKO | would say we haven't gotten to the
point where we decide we are going to wite a guide, this is
part of the exploring of this process, this commttee
meeting and Peter's working group.

There is an analogy. | was thinking about the
gui dances that we have worked on in the past, and sone of
you may be aware of or recall the in vitro drug netabolism
drug interaction guidance we put out in 1995 which at the
time, in 1995 was really just a very general guidance both
to i ncrease awareness of the science that had evol ved, and
it was very general guidance that five years |later has |ed
toin vitro drug interaction studies that are a routine part
of every subm ssion we get virtually.

So, maybe ny thought was that this would be nore
of a general guidance to perhaps serve to encourage sponsors
to look at this as a tool, and then maybe sone general
framework that could then be el aborated on as things evol ved
and we begin to |l earn nore about the subtleties and what

have you of nodeling and sinul ation.
DR. LaLONDE: | was wondering if naybe the
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experience wth popul ati on of pharnmacokinetics nmay be a good
guide in this area, because there was a gui dance prepared a
coupl e of years ago, | guess, or a year ago, and as you al
probably know, popul ati on pharmacoki neti cs were used for
quite a while starting in the eighties. There were a |ot of
subm ssions, | guess increasing over tinme, and | think as
the FDA saw nore and nore of this information comng in
they were saying, well, maybe we want to have our staff
better trained in this area, and with tine, say, well, naybe
we want to offer sonme general guideline, not necessarily
really be very, very specific, but offer sone genera
recommendati ons of the elenents that should be part of a
popul ati on anal ysis, the validation.

W may not be there yet with clinical trial
sinmul ati ons, but as we gain experience, maybe we will learn
alittle bit nore about the things that we need to pay
attention to as you get nore and nore of this information
submtted to the Agency.

So, there may be sone |essons to learn there from
t hat experi ence.

DR. LESKO There are sone | essons to be |earned.
The gui dance that you are referring to, the so-called
popul ati on pharmacoki neti cs gui dance, you know, to nme, it is

one of those stovepi pe guidances, you know, it was devel oped
really in the field of clinical pharmacol ogy, and we used
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it, we analyzed the data, and then we sort of recommend the
outcone to the nedical staff.

There wasn't a | ot of debate about that because
nobody really cared that nmuch about the inside part of
popul ati on PK, you know, what is the bottomline, but I
t hi nk when we get to broader applications of nodeling and
sinmulation that begin, |like you say, to get into nore
sophi sticated applications, clinical trial sinulation, there
are a lot nore questions being asked. It is not one of the
stovepi pes anynore. | see it as really three overl apping
circles - biostat, clin pharm and clinical.

The probl em has been, you know, when you listen to
all the stories, and you can't argue with the value of it,
it is that inplenentation of it that we need to sort of nove
forward on, and we need sone steps to inplenenting it, such
that the needs of statisticians, clinicians, and clinical
phar macol ogy fol ks are net, and if noving to a guidance can
do that, you know, in a consensus way, then, that m ght be a
way to advance the field.

DR. BYRN. Could |I ask M chael a question, and
then raise an issue. On stability simulation or nodeling in
the CMC area, is it, in your view, w thout divulging--I know
this is getting into the nore confidential areas--is it

possible to sinulate or nodel stability, predict stability
results fromsmall anounts of data? |In your opinion, is
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t hat possible now or does a ot nore work--this is in the
CMC ar ea?

DR. HALE: | believe it is routinely done, in
fact. We often use accelerated testing, things |ike
arrheni us nodeling, et cetera, to project shelf life, so,
yes.

DR. BYRN: Ckay. Now, if we go on with that, and
we coul d take a scenario where if you had a good nodel and
it followed the guidance or sonething, you have a good
nodel, you run a couple points, yes, it is fitting the
nodel, now, we don't need to do any nore stability studies.
| am not saying that that could happen initially, but I
assunme that this kind of thing, if you could do this, would
tremendously reduce tinme to nmarket.

You could reduce tine to market, and if you could
do the sane thing in clinical trials, which is an area that
| am not an expert in, but you could get a nodel and then
you could see a few patients were foll ow ng that nodel
obvi ously, you could reduce tine to market greatly.

Clearly, if there is anything like this being
contenplated, then, it would be I think the Agency woul d
have to validate those nodels and make sure that they were
correct because a |l ot would be dependent on those.

DR. LESKO  You rem nded ne of one of the
applications of nodeling and perhaps sinulation, and that is
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the extrapolation of adult efficacy data to pediatric
popul ati ons.

DR BYRN:  Yes.

DR. LESKO And there are certain prerequisites to
do that, but when it is done, it benefits from having a good
exposure-response rel ationship, sone prior understandi ng of
what is going on in kids and adults, but then the actual
i npl enentation of a sinmulation or a nodeling exercise really
brings sonme credibility to the ability to make a deci sion.

You don't have to go on to repeat efficacy trials
and safety trials in this pediatric population. One of the
hang-ups, not in that necessarily, but in general, in using
nodel s to sinulate, say, new popul ati ons or new dosage
forms, is frequently the issue of, well, is this--and this
is what we hear frequently--is this a validated nodel, and,
you know, what is validation of one of these nodels nean.

And if you can't really get to that point with
sonme general characteristics or attributes, you really
sonetinmes will run into a difficulty--

DR. BYRN: W are having trouble validating a
spreadsheet .

DR. LESKO So, another issue is what does
val i dation of a nodel nean in ternms of sinulation.

DR. BYRN. | don't know whether we should even be
using the word "validation," because we could sl ow down the



© 00 N o g b~ wWw N PP

N N N e e e e i e o i
W N P O © 0O ~N ©o O » W N B O

NN
(S N

120
devel opnent .

DR. LESKO | often thought verification would be
a better word.

DR. BYRN. Maybe that is a better word, because |
don't think we really want to apply the word "validation” in
this area yet.

DR. HALE: | think you have actually hit on one of
the key points that sone people don't think about, that we
actually are not tal king about sonething that is purely an
abstract exercise, that we actually want data to go al ong
with the nodels or the simulations.

The next to the last slide | showed you, | was
hopi ng to make that very clear that we are tal king about the
nodel s or prem ses plus data, plus the careful analysis.

One of the things that we have to think a little bit about
is, is the nodel supporting the data, or is the data
supporting the nodel.

It isalittle tricky distinction, but, in fact,
in the nodeling and simulation, | think it becones nore
per haps the nodel supporting the data, so that instead of
this crushing weight of evidence, we actually blast mx to
support the data.

DR. BYRN: Also, we are going to tal k about the

public. W have to be able to assure the public that the
nodel is supporting the data, that it is not naking up
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sonething that we can't verify in any of these areas, but
certainly if we could do this or even think about doing it,
we are tal king about reducing tinme to market.

There is a huge public benefit to that, because
t herapies are going to get on the market quicker, so there
is a mayjor benefit to doing this.

DR. LAMBORN: If | mght make a comment on the
issue of clinical trials where | think we are nore likely to
be of benefit in the near term there has been a | ot of
di scussion in that environnment about the difficulties with
surrogate nmarkers even and any kind of prediction where
people are at a level that they are going to be confortable
of approval based on nodels.

| think the concept of using simulations to
identify endpoints, to identify the nost |ikely successes,
but then to ultimately have to validate themin the nore
classic clinical trials environnent is probably going to be
the first place that we are going to be benefitted, is to
focus in nore quickly, but then have to validate with data.
| think it would be great if we could get to the other, but
| think that is going to be further down the |ine, because
peopl e are always saying, but this one could be different.

DR. BYRN. Just to add, and then we will get to

Dr. Mould, certainly in the stability area, sonetines
arrhenius plots don't work, and so you have to have sone
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data. It is great to have a nodel, but you can't do it
W thout some data. | think what we are really tal king about
is reducing the anount of data, and | think that is what you
are tal king about, too, how nuch real data do we need if we
have a good nodel

Dr. Moul d.

DR. MOULD: | was just going to add that | think
currently for simulation, we often use it for things |ike
| ine extension or refinenent of dose. As Dr. Peck pointed
out earlier, there are quite a nunber of conpounds that cone
back for |abel adjustnent, and sinmulation is often sonething
that is used to hel p understand and pick a better dose
strat egy.

So, it is not really the pivotal trial, it is not
replacing a pivotal trial per se, but it is helping to
streanm ine the process and facilitate your understandi ng of
t he dat a.

DR. BYRN. Thank you. That is what | was trying
to say.

DR VENITZ: | would like to make the comment t hat
lots of times it is not only the results of the nodeling
exercise that is inmportant, but the process itself in terns
of identifying what we don't know usually nore than it is

inportant for us to identify what we do know, and for the
parts that we don't know, how much confidence, how w de are
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our guesses.

So, | think when you tal k about best practices,
Larry, it is not only a matter of identifying attributes and
sone specification, how those attributes should be net. |
think that really depends on the purpose of this whole
exercise, and it is one thing to say | want to use this kind
of nodeling to approve a drug in a certain popul ation that
has never been tested for safety and efficacy. Then, we
woul d put the standard up very high.

But if you want to support dosi ng changes or
speci al popul ation kinetic change that you observe, then,
you m ght have much | ess of a burden to overcone in terns of
t he specifications of the nodel.

DR. LESKO So, an exanple of nodeling and
simul ation, then, that would be sort of |ower down than
approving a drug would be to approve | abel |anguage based on
a suitable nodeling and sinul ati on exerci se.

DR VENITZ: Right. In ny mnd, it would depend
on what the claimis that you want to take out of the
results that you get and how wong can you be, and what are
t he consequences of being wong that determ ne the rigor
that you put in, in the nodeling exercise, in the first
pl ace, because ot herw se, you are back to, well, if you have

all the data in the world, we can nodel everything, but then
why woul d you nodel in the first place, let's just use the
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dat a.

DR. BYRN. Dr. Doull

DR DOULL: | think it would be interesting if we
could begin to put sonme paraneters on extrapolation. In

t oxi col ogy, for exanple, we have two major problens in
extrapolation. W want to use the results of one species to
predict what is going to happen with another.

W al so want to extrapolate fromvery high doses
that we do our tests in to the very | ow doses that humans
are exposed to. W tend to do that w thout nuch gui dance in
terms of how one does extrapolation. W don't have any
problenms with interpolation, but with extrapolation, we do a
| ot .

The Nonclinical Subconmttee, of course, is
| ooking at the utility of biomarkers as a way of predicting,
and according to your description, toxicology and use of
bi omarkers, and so on, all of those are really nodeling
t echni ques.

So, the issue for the biomarker use, for exanple,
is really how predictive it is. You know, is it really
giving you the right answer. | hear what Kathleen is saying
about validation, but the bottomline comes to that question
of does it give you the right answer, and | don't know

whether that is validation or verification or whatever, but
if it isn't doing that, we are wasting our tine.
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DR. LESKO | tend to agree with that. | think
the ani mal -to-human bridging is nore often than not done on
an exposure basis and PK/PD or at |east TK/ TD rel ati onshi p,
and | think it is actually one of the nore advanced areas
for nodeling and sinulation, for estimating first dose in
man. So, in sone ways, that is a little bit ahead of, say,
clinical trial sinulation.

DR BYRN: | would like to focus on these four
guestions now, because | do think that we need to try to get
sonme kind of answers to these, and then we will have a
chance to discuss them

The first question, | think we have pretty well
addressed, is how industry uses simulation to help the drug
devel opment process. | think Mchael has sinply sunmmarized
it, everywhere probably is a fair statenent.

Let's have sone discussion on the comnmttee, just
opi nions: Are nodeling and sinul ati on appropriate for drug
devel opnent and regul atory decisions? Are there points that
the coonmttee would like to bring up?

DR. LAMBORN: | guess | would just think that for
the sanme reasons that were just stated in answer to 1, the
answer is yes, nodeling and sinulation are appropriate for
drug devel opnent and regul atory deci si ons.

| mean they are not appropriate everywhere, but
there is a place for them nmany places in that process.
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DR. BYRN. O her coments? Does everybody agree
wi t h Kat hl een?

DR. BCEHLERT: Just to follow up on your coments
with regard to technical CMC kinds of decisions, in fact,
they are used now. Subm ssions are made based on |imted
stability data for generic products or innovator products,
and so they have been in use for many years, this is not
new, so definitely the answer there is yes.

DR. BYRN. doria.

DR. ANDERSON. As a strong supporter of conputer-
assi sted drug design prior to getting to where you guys are
with clinical, | certainly would think that we ought to be
involved init.

It seens to ne--and this is probably particularly
nore true in the future than now-it seens to ne like it
woul d be difficult to regulate an industry that is using
sonething that you are not famliar with, so if no other
reason, it is probably inportant to do that.

It al so may--getting back to the Nonclinical Study
Subcomm ttee--1 suspect that at sone point, there could be a
i nk between what is being done now with the conputer-
assi sted nodeling and the information they collect, and what
goes on after that, and our job is to | ook at ways to make

this nore efficient and to link these in order to shorten
the anobunt of time that is required to get the drug to
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mar ket .

DR. BYRN. That is Question 2. Question 3. Wat
are the inportant attributes of a neaningful sinulation
practice? | think we have been tal king about one of them
think is verification and use of data to verify the
simul ation or the nodel.

Can we have sone di scussi on about other ones? Dr.
Moul d.

DR. MOULD: | would like to suggest or strongly
support the use of sone kind of a sinulation analysis plan
being put in place prior to the sinulation, because |I think
it adds a lot of scientific veracity to the work, and it
all ows a nore team based approach, which has been nentioned
before, so that you have nore than just the nodel er working
on it.

DR. BYRN. Can you explain a little bit a
si mul ati on anal ysis pl an?

DR. MOULD: Actually, to define the scope of the
sinmulation, to define what it is you want to know, what you
expect to get out of it, and how you anticipate to do the
wor K.

DR. BYRN. So, you don't just start out with a
sinmul ation, you outline what you want first, and then you

get the simulation.
DR. MOULD: Exactly, a protocol, if you will, or
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an anal ysi s plan.

DR. BYRN. It is a protocol. Does everybody feel
confortable with that? Now, we are tal king about at | east
two things, a simulation analysis plan and then a
verification, if you wll, a verification activity involved
in that, whether it is using real data or sone other source
of data, but sonme kind of verification process.

O her attributes?

DR. LAMBORN: Beyond that it has to have the three
conponents that M chael nentioned earlier, | nmean the |ist
of clear assunptions, the statenent about the
i npl enentation, so really, it is docunentation and
clarification of exactly what is involved, and again, the
t hi ngs that have been said about the full team participation
inthe interpretation to assure that there is consensus and
understanding fromall the different aspects of it.

So, | think it is just a synthesis of things
al ready sai d.

DR. BOEHLERT: One additional comment that | m ght
add. | think any analysis plan, where at all possible,
shoul d have predeterm ned exceptions criteria, so you know
exactly what it is you are aimng for in advance, and that
these aren't determned after the fact, well, this is what

we got, so this is what it should be.
DR. LAMBORN. Basically, the thing that you would
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expect from any research project, whatever it is.

DR BYRN: Larry.

DR. LESKO | just want to nmake a sub-question to
that question. | think we recognize that applications of
nodel ing and sinulation are going to range from sonet hi ng
that would be at the |ower end of the scale to a higher end
of the scale.

As an exanple, if you are going to extrapol at e,
let's say, sone efficacy and safety data from one popul ati on
to anot her using sone nodeling of exposure response data, et
cetera, it may have a different standard than, say, another
situation where you m ght want to use an exposure-response
relationship to nake a judgnent on the significance of an
exposure increase and a drug interaction for the purposes of
| abel i ng the product.

So, in one case, you are approving a drug for a
new popul ation. In the other case, you are |abeling the
product based on a nodel and a simulation.

| wonder if there are attributes of the nodeling
and simul ati on exercise that woul d be used to distinguish
between the credibility of those applications. |n other
words, would there be certain characteristics of the
nodel i ng and sinul ation that woul d di stinguish these

appl i cations?
DR VENITZ: | think for the latter, neaning you
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are trying to approve a subpopul ation for safety and
efficacy, it is the very thing that we were tal king about,
you have to have a prospective plan in place. You cannot do
sone study and then go on a fishing expedition, which is
what a |lot of people, a lot of statisticians particularly,
| ook at nodeling and sinmulation in the clinical pharnmacol ogy
area. So, it is the equivalent of a neta-analysis, and you
really have no control of the final outcone.

So, if the standard that you are trying to neet is
very high, you are trying to | ook for approval, | think it
has to be prospectively designed and according to protocol.

For the former case, that m ght not be the case.
You m ght have retrospective analysis of data that you have
in your safety database and see whether a certain change in
exposure really leads to a change or expected change in
dynam cs.

DR. BYRN:. O her comments? Maybe we will go to
Question 4. | think we will review these again and have
public comment after lunch, so we wll have tine to cone
back and comment sone nore, but let's cover Question 4 right
bef ore we break.

Do we need an FDA gui dance to industry regarding
the best practice of nodeling and simulation for regulatory

applications? | think we have kind of covered the first
bul | et.
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If yes, what is the inportant information that
shoul d be in the guidance? |If no, what are the critical
i ssues that need to be addressed before devel oping a
gui dance?

| think Kathleen already addressed this to sone
extent. Do you want to say anything nore?

DR. LAMBORN: | guess what | would argue is that
at the nonent, that there are gui dances which incl ude
information that is specific to them and it sounds to ne
like it would take sone nore defining to come up with
sonet hing that would be a broad gui dance, that woul d go
across all the different kinds of applications.

DR. VENITZ: | am wondering about the scope of the
gui dance, would it include things |like what M ke was
nmentioning, that are used primarily in the discovery
process, trying to predict based on structure, certain
physi cal, chem cal, or biological activities.

Wul d that be part of what this guidance is al
about, or is it nore of the traditional clinical trials
simul ation type?

DR. LAMBORN. It seens to ne we have got two
things. W tend to think of a guidance as being sonet hi ng
that is what you are expected to do in order to neet

regul atory approval, and I think, Larry, what you were
tal king about when | first posed this question is sonething
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that is even potentially nore inportant, which is the joint
i nvol venent of the Agency with all the people involved to
cone up with a best way to do things, which my not be
things that eventually conme directly to be part of a
regul atory package at all, and therefore, really wouldn't be
part of a gui dance.

DR. LESKO Part of the attenpt--and | guess |
sort of took this approach with that popul ati on PK
gui dance--if you get a nodeling and sinul ation study
submtted to the Agency, you would hope that, as a sponsor,
that that would be an acceptabl e exerci se.

| can't tell you how many tines we have had in the
past popul ation PK studies that were submtted with
conclusions that were rejected because the study wasn't
desi gned properly, analyzed properly, sanples weren't
collected at the right tines, and it seens |ike a total
waste of tinme if you don't have that assurance that this is
currently what we are thinking.

These may be general attributes, but if they are
considered as part of the nodeling and sinul ati on exerci se,
this is, in fact, what the statisticians or the clinicians
or clinical pharmacology folks will hold as inportant.

That is kind of the notivation for it. It is not

that the guidance presents--and | suspect there may be sone
fear of that--but it isn't that a guidance on the topic
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woul d set an expectation that this becones a part of each
and every application. So, | think it is sort of
delineating nore what we think is the current know edge base
and the best practices.

DR. BYRN. O her comments?

| think we should cone back to this, but if we
woul d answer this yes, are there any comments anybody wants
to put on the table about what the inportant information
t hat the gui dance shoul d incl ude?

| think Larry in a way outlined sone of that in
that it probably woul d be a general over-arching gui dance.
Do you want to outline sonme other thoughts you m ght have?

DR. LESKO | would think there may be sone
di scussion--well, first of all, I think there would be sone
exanpl es that m ght be hel pful. There could be, for
exanpl e, an appendix to this thing that woul d gi ve exanpl es
of applications that maybe go beyond internal decision-
maki ng, but nore towards how it was valuable to resolve the
regul atory question. So, that m ght be one part of it.

| think there is a process of nodel building and a
process of sinulating, and maybe this is what the experts
have been tal king about, the sinulation plan, the
assunptions are clearly stated, the results are reported in

a certain way, and naybe it is just that structure that
woul d be valuable in advancing this, that we are at | east
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all on the sane page with regard to the process we are going
to go through and apply good science to the nodeling of the
data to the sinulation, and then have sone agreenent on what
those characteristics are.

DR. BYRN. And then the Agency, when they got
t hese, would have themin an order that they expected and
could review them appropriately.

DR. LESKO Yes, and | would think there would be
again a buy-in or an agreenent on what is necessary
information to assess this nodeling and simul ati on exerci se,
if thereis, in fact, a desire by an applicant or sponsor to
use this information in a prospective way.

DR. HALE: The state of the art of nodeling and
simulation in many clinical applications right nowis such
that | think many of us would wel cone sone guidelines that
woul d help in terns of enabling, in other words, better
consi stency, better uniformty of what to expect.

In terns of requirenments, | don't think we are
there yet because there are so many things we haven't
answered - how do we validate the nodels, how do we gain
certainty. |If it were viewed as a requirenent, it would be
very difficult, but it were viewed as sonething to enable a
meani ngful di al ogue, a way that we could actually sit down

and share a common | anguage, and | would add to that sone of
us have been di scussi ng whet her we need an ongoi ng forum
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sonething like this Product Quality Research Institute you
have on the agenda this afternoon, do we need sonething |ike
that for nodeling and sinulation.

DR. BYRN: | wonder if it could even be in the
Product Quality Research Institute as another group.

DR. LESKO | told Mke when | tal ked about this,
that was sonmething I was going to | ook into.

DR. BYRN. Let's take a break of |unch, and then
we w il come back at 1:00 and have an open public hearing,
and people wll have an hour to think about this. Maybe we
can make a little bit nore of a list of things for the
Agency and the commttee to think of, although I think we
have had very good di scussion up to this point.

[ Wher eupon, at 12:00 p.m, the proceedi ngs were
recessed, to be resuned at 1:00 p.m]
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AFTERNOON SESSI ON
[1:10 p. m]

DR BYRN: We will call this neeting to order, the
af ternoon session to order.

Open Public Hearing

DR. BYRN. The agenda calls for an open heari ng,
so we would like to call for comments fromthe audi ence.
Pl ease cone to the m crophone and identify yourself.

At this point, we don't have to limt discussion
al t hough we wouldn't |ike to have an hour discussion froma
single person, so it is open for conment.

[ No response. ]

DR. BYRN. Hearing no conmments, we will reopen to
the commttee to see if there are any further discussion
points and what we wll do is go over the four initial
questions and then nove to the other itens.

Comm ttee Di scussion

DR. BYRN. Is there anything the conmttee woul d
like to add on the four initial discussion points that we
were discussing prior to lunch? Yes, Peter.

DR. LEE: Wen we are doing nodeling and
simulation in clinical pharmacol ogy, | see one of the
difficulties that we have is not actually on the technical

part, which nmeans building the nodel or comng out with a
sinmulation program | think one of the difficulties is
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really to communicate the results and give the information
to ot her disciplines.

| notice that there is different disciplines in
these commttee neetings. Can anyone address that? Wat is
a nedical officer or nedical clinician, and what is a
statistician actually |ooking for when they see a nodeling
and simul ati on progranf

DR. BYRN:. Kat hl een.

DR. LAMBORN: | guess since one of the questions
was the statistician, | think that the first thing | would
| ook for would be the information that was nentioned by
D ane and others this norning, which is that there was a
research plan and a careful statenment of what that plan was
and what the nethodol ogy was, and | guess | am al ways
particul arly concerned about the assunptions and the basis
for the assunptions, and anything that has been done to | ook
at the inpact of if the assunptions were not correct, how
much that woul d change the outcone and whet her such
addi tional studies were |ooked at before the concl usions
wer e reached.

That woul d be a start anyhow to what | want to
know t o know whether it was a valid study.

DR. LEE: So, what you are saying is the

sensitivity of the result to a particular question, |like a
robust ness.
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DR. LAMBORN. Both the basis of the assunptions
and the sensitivity of the assunptions, but certainly that
there was a prior research plan, a prior research question
and how the results were followed up on that research
questi on.

DR. VENITZ: As a clinician, | would say | want
you to convince nme that your nodel is plausible if it's a
mechani stic nodel, or if it's an perogram|[?] nodel, what
kind of data you use to cone up with your nodel per se.

The second question is in terns of your paraneter
estimates, how did you get your paraneter estinates, what
kind of studies did you use without getting caught up in the
techni cal details.

DR. BYRN: O her comments?

DR. LaLONDE: | have naybe a request or a
suggestion. | think it was Mke this norning that tal ked
about one of the needs in this area is better information on
di seases as we try to do clinical trial sinmulations to
better understand all the different factors that may affect
nunmerous di fferent di seases, disease progression, placebo
response, and I was wondering if, as part of your
initiative, if the Agency was considering taking the lead in
this area as information that may becom ng available to the

Agency fromdifferent sources, if possible, I don't know
what the confidentiality issues are there, but if possible,
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to have that information becone part of the public domain
sonmehow.

Unfortunately, the industry often wll want to be
secretive about this type of information, but |I am wondering
if once if it is submtted to the Agency, if after a
certain nunber of nonths, for exanple, it could becone
avai |l abl e under the Freedom of Information Act or sone other
nmeans.

DR. LEE: First, | agree that the progression
nodel is very inportant because we have seen in the past
that many sinmul ations have failed just because it doesn't
have a good di sease progression nodel. Basically, it
doesn't account for any change of di sease stage as a
function of time, so a placebo patient may have sonet hing
changed, but it never accounts for that.

To answer that question whether we are doing
sonet hing, internal disease progression nodel, | can think
about two projects that we have ongoing at this tine.

The first project is |ooking at QIc prol ongation
due to drug treatnents. This has been a very hot topic in
the past few years. Quite a few drugs were w thdrawn from
the market due to the QIc prol ongati ons.

One of the problens with QIc prol ongations was

that the intrinsic daily variation of QIc in any nornal,
heal t hy subject, for exanple, any normal, healthy subject
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may have a plus or mnus 60 mllisecond of change of Qrlc,
but sonetines a drug may have only 10 m|liseconds or 20
mllisecond, affect the QIc by only 10 or 20 m | |iseconds.

So, how do you identify such a small change or
such a small effect wth such a |arge inherent variability?
So, that is what we are | ooking at, if we can nodel the
daily variation of QIc, and this wll be your physiol ogi cal
nodel , and on top of the physiological nodel, we can put a
dry effect nodels.

We are | ooking at our NDA data. Also, we don't
specify the drug nane, but we are | ooking at NDA data. W
also ook at the literature data. W also work with | REF,
which is the Ischem a Research Education Foundation, to get
their information or their database to | ook at the nodels.

A second project--actually, we have three
projects--a second project was also in cardi ovascul ar area.
It was headed by Dr. Ray Lipicki, and it was a collaboration
wi th anot her foundation, that we are |ooking at | believe
all the NDAs in the entire hypotensive areas, and | ook at
the patient information and di sease progression, and so on,
and so forth.

That database, | believe will be open to the
public, and can be used to build the di sease progression

nodel s.
| think the third area is the diabetes di sease,
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because there are many interplayed factors that may affect
di sease progression, as well the surrogate and bi omarker.
For exanple, we can | ook at the glucose concentration post
prandi al or fasting group of concentration.

Ri ght now the standard for the surrogate endpoints
i s henogl obin A1C, but you have insulin that may interplay
with the final effect. So, we are | ooking at a good di sease
progressi on nodel for diabetes, as well, and see if the
gl ucose or postprandi al glucose can be al so a good surrogate
endpoi nt for di abetes.

Because of the problemw th henogl obin ALC is you
have to wait for 12 weeks before any significant effect can
be nmeasured, but postprandial glucose effect can be al nost
i mredi ate. So, we also have a programto | ook at that.

DR. LaLONDE: | guess what | amjust trying to
avoid is having everybody have to do the sanme type of work
i ndependent of one another, and | think that is what is
happeni ng right now. So, | nmean there are different
options. Maybe a consortium of conpanies, they could pool
this information together or a federal agency.

| know there are independent conpanies right now
| i ke Pharsight, who are purchasing these databases to
basically use themas part of their efforts in disease

nodel i ng, SO you can pay conpanies to get access to these
data. That is one way. | amjust wondering if in the role
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of the FDA to basically |look after the American public and
the health of Anericans, if there should be an effort to try
to make this information nore widely avail able nore quickly.

DR LEE: | think there is another initiative by
Price Wat erhouse Cooper, and actually by M ke Hale, as well,
and this was a Pharma Sinul ati on Board, and one of the
objectives of the Sinmulation Board is to cone up with a
consortiumjust like you said, a collection of different
nodel s, di sease progression nodel, and focally, everybody
can share that information, because only by sharing that
informati on we can nove the research area quicker.

DR. BYRN:. Kat hl een.

DR. LAMBORN. | was thinking that perhaps this
commttee, if others agree, could formalize that suggestion
by saying that anything that the FDA could do to encourage
this activity based on the individual diseases, because
often what w il happen is that while the individual product
is in devel opment, they m ght not be able to share. Oten
there is the sanme conparator as the standard, and that can
forma basis, but I think it would be appropriate, and |
would i ke to put on the table a specific reconmendati on
that this commttee would encourage any efforts that the FDA
could take to bring about this kind of activity.

DR LaLONDE: O other federal agencies if it was
better done by the NIH or whatever.
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DR. LAMBORN: Right, but the devel opnent of these
in a collaborative fashion with all people who woul d have
sources for data, that would be useful

DR. LaLONDE: | very much support that.

DR. BYRN. Is there any additional discussion?

Can we just take by acclanmation that the comnmttee
encourages this, would like to go on record to encourage
this? Okay. It |ooks unaninous.

O her points or cooments? Let's just spend one
nore nonment reading the section called Issues to be
Considered. |If the conmttee and all would just read those,
and see if there is any area that they would |ike to coment
on, and then at the end of that, |I think we wll conclude
thi s di scussion.

Yes, Kat hl een.

DR. LAMBORN: Could I just ask, is there any item
t hat was--we have tal ked around a | ot of these--is there any
particul ar conmponent of this |ist of questions that you feel

has not been addressed in case we m ssed sonet hi ng?

DR. LEE: | guess the conmttee has addressed
al nost all the questions. If you ask which item| want to
hear nore, | guess it would be Question No. 3, what is the

attribute to a good nodel and sinul ation process.

DR. BYRN. So, naybe we could spend a nonent.
What do you have so far, Peter, as attributes fromthe notes
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that you made prior to this, and then we will see if we can
expand on those?

DR. LEE: | have | guess a |lot of discussion on
have a prior research plan or sone kind of protocol for
sinmul ation. Everybody said that is inportant. W have to
| ook at assunption when you build a nodel, and what is the
basis for assunption, what are the data to support
assunpti ons.

Anal yses of nodel verifications, that is inportant
to how do you know the nodel actually works. There was al so
tal k about we cannot separate sinulation fromthe nodel, so
a lot of tines we can use sinmulation to verify nodels.

We shoul d have predeterm ned acceptance criterias.
| guess the criteria may be different depending on the
different regulatory applications. |If it is exploratory, it
can be less stringent than if you use the nodel and
simulation to confirmcertain things for regulatory
deci sion, such as determ ning efficacy and safety in your
subpopul ation without any clinical data. That may require
nore stringent criteria for the nodel and simulation
proj ect.

| guess that is all | have.

DR. BYRN:. Wbuld people |ike to expand on those,

or are they satisfied with those?
DR VENITZ: | would add if you have any data, who
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wel | does the nodel predict. The predictability of the
nodel. |If you have any data that you can conpare to your
nodel predictions, how well does it predict.

DR. LEE: You nean external data?

DR VENITZ: O internal data. Let's assune you
generate your nodel from sone dataset, how well does it
predict that particular dataset. |If you have external data,
that woul d even be better, maybe sone cross-validation
st udi es.

DR. BYRN. Dr. Moul d.

DR. MOULD: | was just sort of quoting sonething
that Dr. Sheinin said at the |ast advisory commttee
meeting. | think this kind of sunmarizes to what do you
want to know, how well do you want to know it, what kind of
assunptions do you need to nake, and that, to ne, sort of
sunmmari zes everyt hi ng.

But you mght also want to add what are the
consequences if | amwong as a sort of a post-hoc step to a
sinmul ation, so that, you know, you have done what you could
to assure that your sinmulation is as scientifically valid
and accurate as possible given the information, but if you
make a m stake or if you have nmade an incorrect assunption,
it mght be helpful to specul ate about what the consequences

of a m stake m ght be.
DR. BYRN. Any other coments? Yes, Dr. Hussain.
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DR. HUSSAIN. | amgoing to speak fromny neura
network experience, | think. One of the aspects in nodeling
is | think the distribution of data in a sense of how rich
your databases are that you use for devel opi ng nodel and how
sparse the denographics mght be, so | think distribution of
your attributes wthin the dataset needs to be | ooked at.

DR. BYRN. So, that is another criteria to add.

DR. LEE: Any coments on using nodel to
interpolate or extrapol ate data? Wuld you al ways accept an
i nterpol ation based on the nodel all the tine?

DR VENITZ: | would say in general it is nuch
easier to interpret it than it is extrapolating, and if you
are extrapol ating, | second what Dr. Muld was sayi ng, you
have to worry about the worst case, what happens if ny
extrapolation is wong in order for nme to deci de whet her
amw lling to accept ny nodel prediction.

DR. BYRN:. Kat hl een.

DR. LAMBORN. | was going to say very much the
sane thing.

DR. BYRN. Any other comments?

[ No response. ]

DR. BYRN. Let's just check one nore tinme to nake
sure. Perkash Parab? D d Perkash Parab cone into the roonf?

That is tonorrow? Ckay. W thought it was tonorrow, but we
had it on the list today, so we just wanted to nmake sure.
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| think that concludes our open hearing and our
di scussion of the clinical pharmacol ogy issues.

Now, we will nove to the next agenda item which
is an FDA Research Report on the Product Quality Research
Institute. That will be done by Dr. Hussain.

FDA Research Report

Product Quality Research Institute

DR. HUSSAIN. Good afternoon. | just hope the
conputer will function.
[ Slide.]

| wanted to provide an update to this commttee.
There are several new nenbers on this commttee, and | would
like to talk to you about two aspects. One is our
I ntramural Research, Ofice of Testing and Research
Progranms, and then the Product Quality Research Institute.

Yest erday, Helen Wnkle nentioned that we are
trying to i nprove the managenent and i nprove the progranms in
the Ofice of Testing and Research. At one of the next
advi sory conmttee neetings, | would Iike to conme back to
you with nore detailed information on our re-engineering
efforts and how we are trying to focus that, but right now,
today, I will just give you an overview of what we are doing
and what are the chall enges.

[ SIide.]
The O fice of Testing and Research in CDER we
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have our ceiling, FTE ceiling going down. | think
currently, it is, what, 95, Helen? Ei ghty-six. So, we have
86 FTEs distributed in different disciplines.

W have three divisions, D vision of Product
Quality Research, Division of Applied Pharmacol ogy Research
and Division of Pharmaceutical Analysis, and then we have
the | aboratory and staff functions. The |aboratory is
Laboratory for dinical Pharmacol ogy.

We have a Regul atory Research Staff Analysis
function, which essentially creates our databases and
focuses on structure activity and dat abase type of
activities there.

[Slide.]

The primary m ssion of this office is to advance
the scientific basis of regulatory policy. Assure that
regul atory policy and deci sion-naking are based on best
avail abl e science. Ooviously, we also provide scientific
and | aboratory support for review, postmarketing
surveill ance, and conpliance activities.

So, broadly, that is the mssion, and then we try
to achieve this m ssion through various prograns, projects,
and comm ttees.

[Slide.]

The O fice of Testing and Research enbodi es al
key disciplines that are brought to bear upon review
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deci sions, so by nature, this is a nultidisciplinary focus
area, so | think we have an opportunity to build bridges
across disciplines, and | think we try to do so nore so than
ot her parts of Center.

| think the key inportant areas for CDER s m ssion
ri ght now focus on nonclinical to clinical |inkages, product
quality, howto build quality, and then how to inprove the
nmet hods that we use for product quality assessnent.

Clearly, database availability and nonitoring has been a
focus, but currently that focus has been |imted to

t oxi col ogi cal dat abases and hopefully, we would like to
expand that further to include quality and ot her databases.

[Slide.]

We al so serve as consultant reviewers and provide
ot her support functions to the review staff. Since | joined
the Agency in 1995, | think I have seen the resources
available to this office keep going down, and | think the
future, | hope | ooks brighter, but | can't prom se that, but
what we have tried to do is with dimnishing resources, we
have devel oped nore col |l aborati ons.

[Slide.]

PRI is one | want to talk to you about, and Jim
MacGegor will talk to you about using the advisory

conmm ttee approach for building collaborations, and that
presentation will be tonorrow
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Qobvi ously, we work with other sister agencies and
sister groups, such as NIH, and so forth. Academ a and
i ndustry col |l aborati ons have al ways been there, and with
i ndustry, for exanple, we have a nmechanismcall ed
Col | aborative Research and Devel opnent Agreenent, that
provi des a nmeans for us to collaborate wwth a given conpany,
for exanple.

W al so col l aborate wth USP, and we have several
col | aborative |inks established with these organizations.

[Slide.]

| just want to sunmarize sone topics. The
regul atory contributions of this office to science base and
policy- and decision-making, | amnot going to go in detail,
but I did provide you a list of publications froml ast
fiscal year.

If you really look at that, |I think with the
resources we have, we did publish significantly, over 70
publ i cations and presentations, so the output has been quite
good, and | think we will further focus this output to neet
the needs of the Center, so you have that as a handout, and
when you go honme and | ook at that, you will see different
areas of expertise that we have in our office.

The re-engineering efforts that we have ongoi ng

right now primarily focus on managenment issues, devel oping a
managenent system but beyond nanagenent system | think we
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are trying to enhance our ability to neet the needs of the
Center nore effectively and nore efficiently, and introduce
a concept of nmultidisciplinary teans. This is teans that
will function and will have nenbershi p across our divisions.

One of the teans that we have in place nowis a
rapi d response team and this rapid response teambrings to
bear all the resources in OTR to address a high-priority
issue, so all the resources are available to answer a
question that cones fromthe review site at the earliest
possible tinme frane.

Al so, we are strengthening the |linkages with the
review function by establishing coordinating commttees,
which will nonitor the research and will also provide a
nmeans for sone sort of peer review also for the research
unit.

[Slide.]

| would Iike to share with you one exanple of a
regul atory research project. This project was discussed at
the previous advisory commttee, so | felt just to give you
a flavor of what type of inpact we have and what type of
wor k we take on.

| will share with you a few slides on excipients
and risk of bio-in-equival ence.

If you recall, this project was discussed at the
| ast advisory commttee neeting, and | did refer to this in
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nmy norning presentation.

Wil e we were devel opi ng the Bi opharm
Cl assification System obviously, excipients were | ooked at
very carefully, and we did find some high-risk practices
that we felt needed to be addressed. The high-risk practice
is related to use of sorbitol in oral syrups and oral
| i qui ds.

Sorbitol is a widely used excipient in oral and
| iquid dosage fornms. It is related to mannose and is
isoneric with mannitol, so mannitol and sorbitol essentially
are simlar nolecul es.

The conponent itself had | ow intestinal
perneability. It is netabolized in the liver to fructose
and gl ucose.

Reports of adverse reactions are largely due to
its action as an osnotic | axative, and generally, we see
this at doses 20 grans or nore, but sonme individuals tend to
be sensitive to this, and you could see adverse events as
| ow as 5 grans.

Just for reference, 5.48 percent weight by vol une
aqueous solution is iso-osnotic with serum

We have products on the market where the anmount of
sorbitol is quite significant. For exanple, there are a

coupl e of products where one oral dose, which is two
t abl espoonfuls are 3 m, can deliver up to 23 grans or
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sorbitol per dose.

[Slide.]

So, the exposure or ampunt of sorbitol in
commerci al preparations, especially cough and cold
preparations is quite significant, and we have known for
sone time that |ow perneability excipients can exert osnotic
pressure in the G tract, and partly because of that osnotic
pressure, they can induce rapid intestinal transit.

Here is an exanpl e where you are conparing gastric
enptying, small intestinal transit, and colon arrival tinme
for different liquids - water, mannitol--1 amjust going to
focus on water and mannitol.

If you l ook at mannitol, you see a significant
reduction in the small intestinal transit time, whereas,
sucrose and water do not provide that. So, this has been
proposed as a reason for reduced bioavailability for sone
drugs.

[Slide.]

The literature data that supports that hypothesis
is, for exanple, one study was done in 1995, it had 2.3
grans of mannitol in the chewable tablet. That is a |large
tabl et, chewabl e tablet, reduced bioavailability of
cinmetidine, which is a |ow perneability drug.

For exanple, if you look at AUC, Cmax, and Trmax
rati os conpared to mannitol -containing tablets, chewable
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tablet, with respect to sucrose, you see a reduction in AUC
and Crax and sone extension in the Tmax.

However, we do have reports fromthe literature
that | arge anmobunts of sorbitol generally have shown no or
m ni mal effects on absorption of drugs, such as
t heophyl Il ine, which tend to be highly perneabl e drugs.

[Slide.]

So, based on available information, we did a
study. We had information from published and i n-house data
suggesting that | ow perneability excipients, such as
sorbitol or mannitol--other exanples of |ow perneability
exci pi ents woul d be pol yethyl ene glycol --in anmounts used in
typical syrup fornulations can significantly reduce
bi oavai l ability of drugs that also exhibit |ow intestinal
permneability.

| think the assunption or the hypothesis here is
bi oavail ability of drugs that exhibit high intestinal
pernmeability nmay be less likely to be affected by these
exci pi ents.

So, we conducted a bio study. It is areplicate
desi gn, bi oequival ence study using ranitidine as a nodel |ow
pernmeability drug, and we used sinple solutions, one
containing 5 grans of sorbitol and the other containing 5

granms of sucrose, very sinple formulations, and the
formul ati ons are shown here.
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[Slide.]

You have 150 ng of the drug, which is | ow
pernmeability. You have sucrose, which exhibits high
pernmeability, 5 grans, sorbitol, |ow perneability, and water
is obviously a highly perneabl e conpound.

[Slide.]

So, if you look at the results, the nean results
are shown here. It was a replicate design, and so this is
the nean of N equals 40. You see a dramatic effect or
dramatic difference between sucrose solution with the
sorbitol solution. You can also |ook at individual
replicates, and the data is fairly consistent.

[Slide.]

If you apply the average criteria for
bi oequi val ence, using sucrose as a reference material, you
see approximately 50 percent reduction in Crax and AUC. So,
obvi ously, these are not bioequivalent, but the effect is
quite dramatic.

[Slide.]

You can al so apply individual bioequival ence
criteria, and in this case, the fornmulations fair to neet
bi oequi val ence criteria regardl ess of how you do the
anal ysi s, whether you use constant scal e approach or a

reference scal e approach, so they were bio-in-equa
irrespective of the approach applied.
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[Slide.]

Subj ect-by-formnmul ation interaction was the topic
that was discussed extensively at the last neeting. In this
study, the AUCI reached a value of 0.15, which our guidance
had suggested was a critical value.

Al though it did reach the value of 0.15, it was
not statistically significant because the confidence
interval around the interaction included zero.

[Slide.]

Here is a stick blot showing the effect of two
exci pients on the area under the curve for this drug. |If
you | ook at sucrose, the between subject or inter-subject
variability is quite significant, whereas, the variability
tends to decrease when the excipient is sorbitol.

Qobvi ously, the two are in-equivalent, but at the sane tinme
you do see sone tendency for differences between subject or
i nter-subject variability.

The inter-subject variability between the two
formul ati ons was insignificant.

[Slide.]

So, the conclusions we draw fromthis study is the
significant risk of bio-in-equival ence between sucrose and
sorbitol based syrups. W have practice in the sense

generally when a request is submtted for biowaiver, this is
general ly granted because the anpbunts of excipient used are
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within the inactive ingredient guide, so this is sonething
we felt was a high risk, and this study resulted in
strengt heni ng the | anguage that goes in the BABE gui dance
that you heard this norning. So, the research went to
Policy quite quickly.

In addition to literature report, | nean
obvi ously, when we focus on regul atory research, one study
obviously is not the basis of a decision. You really need
to be able to generalize your study findings to other
situations, and so we did find simlar trends.

For exanple, furosem de and atenol ol, you have
exanples in the subm ssions, and so forth, that tabl et
formul ation actually has hi gher bioavailability than the
syrup fornulation. So, again, syrup containing sorbitol

[Slide.]

But | think we also wanted to generalize it
further to test the hypothesis that highly perneabl e drugs
woul d be less prone to this effect. This part of the study
is just being conpleted. | don't have conplete anal ysis of
that, but the prelimnary data that | have does suggest that
the difference one woul d see between sucrose and sorbitol
woul d be far | ess and we knew for theophylline, which is
hi gher perneability than netoprolol, which we use as a

boundary drug, and you can see here the difference between
sorbitol and sucrose-based solutions for netoprolol, which
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is a boundary, high-perneability drug, is best, slight
differences there, but not likely to be a major difference.
| will have to wait until the analysis is done.

[Slide.]

Here is an exanple of sort of a focused regul atory
research that addresses the particul ar question, and then we
can translate this information quickly to policy. It fills
the gap that existed in the literature, and was used in that
way .

[Slide.]

Let me change the focus now and nove to Product
Quality Research Institute. Mny of you probably already
know what this institute is. Product Quality Research
Institute was devel oped by CDER in collaboration with
several associations and organi zations, trade associ ations.

It took a long tine to develop this. | renenber
the first nmeeting we had for developing this was on January
11, 1966. | had four or six feet of snow here, but we did
have that neeting, so that was on the sign that this
institute had to work.

The institute is organized into several |ayers.
You have a board of directors. Ken Heimich serves as the
chair of this board of directors. You have a steering

commttee, which have representation fromall the founding
menbers. What is not shown in the steering conmttee
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nmenbership are the new nenbers that joined PQRI. The new
menbers are USP, | SPE, and | PEC, so different associations
are joining, so the steering commttee is increasing.

Then, you have a series of four technical
commttees. You have Drug Product Technical Commttee
chaired by Sid Goldstein. Drug Substance Techni cal
Comm ttee chaired by our own chairperson, Steve Byrn here,
and Bi opharnmaceutics Technical Commttee, Elizabeth Lane,
who is in the audience. | just saw her cone in. The
Sci ence Managenent Commttee, and the position of chair is
vacant. Dave Savilla used to chair it, and had to nove
because of other obligations.

[Slide.]

| amgoing to briefly talk to you about the
phi | osophy behi nd how we are approaching in terns of
defining the research plan for this. | wll just share with
you here, under Drug Product Technical Conmttee, we have
pl ans for three working groups. One is up and running.

That deals with the uniformty issue, and | wll talk to you
about that.

The two ot her working groups under Drug Product
are Manufacturing Changes, Container C osure or Packaging
Changes. Under Drug Substance, you have Specification or

Bul k Active Post-Approval Changes Wrking Goup, Particle
Size Working Group, and Inpurities Wrking Goup. Since
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Steve is here, I will request himto share sone nore
information on that conm ttee.

Under Bi opharmaceutics Technical Conmttee, we
currently have only one project, and that is extension of
BCA' s Base Biowaivers. W originally had two other groups
pl anned. One dealt with Nasal and Inhal ation Products, the
ot her one, DPK or dermatopharmacoki netics. Those for the
time bei ng have been taken off because |I think we will bring
t hose back after our discussions tonorrow and possibly sone
nore di scussions and see how that goes.

There is only group under Science Managenent t hat

deals with process nanagenent. It is not active at this
tinme.

[Slide.]

Just to give you a brief overview of PQRI, it is a
virtual institute. | think we bring together expertise from

i ndustry, academ a, and FDA to work on regul atory probl ens,
and | think the founding nenbers are listed here.

You have the AAPS, which has the responsibility of
day-t o-day managenent of the institute. Then, you have
Consuner Heal th Product Association, Generic Pharnmaceuti cal
I ndustry Association. W left it there because |I think that
was a founding nenber, but I think the association has

changed, as you heard yesterday.
Then, you have National Association of
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Phar maceuti cal Manufacturers and the National Pharnmaceuti cal
Al liance, the Parenteral Drug Association, the
Phar maceuti cal Research and Manufacturing Associ ation, and
obvi ously, FDA

As | said earlier, | think there are three new
menbers now - USP, |SP, and | PEC

[Slide.]

PORI essentially is designed to address scientific
needs, regulatory scientific needs, and PQRI would entertain
and conduct research to address scientific issues related to
regul ati ons, guidances, and so forth.

Once a project is conpleted by a working group
under this institute, that information will be transported
to the FDA via the Steering Conmttee. | think we have
built-in safeguards, so that the conflict of interest, as
well | think FDA participation in this institute is clearly
above board and consistent with approaches FDA utili zes.

So, for exanple, in this case, if a vote is
requi red on the research outcones, FDA would recuse itself
fromvoting on that.

[Slide.]

Once the information is forwarded to the FDA, |
t hi nk obvi ously, FDA has the sole authority for devel opi ng

regul atory policy and gui dance, so this information
obviously is going to be recommendation, and since we are
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participating on this institute, we hope to mnimze any
di fferences of opinion that can cone about.

[Slide.]

Let nme now give you a sense of how we approach in
devel oping the research plan for this. | believe you are
all famliar with the traditional approach that we have
utilized for years in discovering and devel opi ng new drug
material s, new drug products.

At the Agency, at the FDA, the primary focus tends
to be froma safety and efficacy point of view, tends to
focus on preclinical assessnent, clinical Phase I, Il, 11
eval uation, approval of the NBA and then Phase |V
comm t ment and nonitoring adverse event reports. | think
that is well recognized within the Agency.

| think supporting all those functions is product
devel opnment activities, which start with pre-fornul ation.
You use a formulation or you use a product to establish
safety and efficacy profile, so when we say we approve a
drug, we nean we are approving a drug product.

That material has to be scaled up and there are
changes that occur to that material. The key questions we
have asked ourselves are: how do you build quality in the
products that are used in clinic? This is an extrenely

i nportant question because if quality is not built it, then,
you confound the safety and efficacy database with quality
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problenms. So, that is Question 1.

Question 2 is once you have the safety and
ef fi cacy dat abase, how do you establish neani ngfu
specifications, so that you could control or you could mange
post approval changes that result from say, scale-up and
ot her changes that occur. So, that is the debate sort of
t hi ng we have.

Il will just share with you sone slides from AAPS
synposi umthat was set up as a debate, and I will explain
that to you in a mnute.

[Slide.]

We sel ected the Drug Product Technical Conmmttee
for this debate. Essentially, we have a regul atory
hypot hesi s approach. This is how we started, and | think
Steve wll say a few words about how we have changed this
approach | ater on.

If you |l ook at what is the hypothesis under Drug
Product Technical Conmttee, it sinply states--and we
di scussed this on day one--"Adherence to Current Good
Manuf acturing Practices, which include validation, and
appropriately established product specifications are
sufficient to assure consistent quality and performnce of
drug products that are manufactured at different | ocations

usi ng al ternate pharmaceutical unit operations, excipients,
and contai ner/closure systens." So, essentially al



© 00 N o g b~ wWw N PP

N N N e e e e i e o i
W N P O © 0O ~N ©o O » W N B O

NN
(S N

164
aspects.

So, this is based on the changed nodel, that if
specifications are appropriate, then, these changes shoul d
be managed via those specifications.

Clearly, the initial projects, focus has been on
i mredi ate rel ease dosage form because of the |ong
manuf acturing history. If you recall, tablets and capsul es
have been manufactured in alnost the same formfor |ast 120
years, so we have 120 years of manufacturing history and
devel opment history with this.

[Slide.]

What are the outcones are we expecting fromthis
exercise? Cearly, we wuld like to reduce the tine and
cost of inplenenting manufacturing changes, and this would
definitely benefit industry.

We woul d like to reduce the nunber of CMC and
bi opharm suppl enents. | think the nunber is a | arge nunber.
| think the nunber can be 1,500 for new drugs and 3,000 for
generic drugs. It is a very big load on review, and
hopefully, we would |ike introduce the concept of one-tine
revi ew by CDER

CDER reviews it once, and then once specifications
are deened appropriate, then, changes could be nmanaged with

that, and when changes in the specifications are needed,
t hen, CDER would get involved. Again, that is a dream and
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that is a hope.

Clearly, the other aspect is to facilitate
i ntroduction of new technol ogy, and this is to help maintain
the conpetitive edge of the U S. industry.

| think we approach this by saying that if we
ensure that quality is built in, then, this is all possible.
So, part of the argunent here is by doing this analysis, by
doing this exercise, we wll ensure quality is being built
in.

[Slide.]

At the AAPS neeting in New Ol eans, not this one
previous to this, we set up a debate just to provide
perspectives, so that we can find ways for noving forward.

The debate we set up was as follows. CGWs, which
i ncl ude val idation, and product specifications are not--
underlined--not sufficient to assure consistent quality and
performance of nost imedi ate rel ease drug products that are
manuf actured, and so forth, and so forth.

| argued at the synposiumwhy FDA feels that these
are not sufficient, and we used the SUPAC- IR as a nodel, and
we asked Sid Goldstein, Arni Repta--Arni Repta used to chair
t he Bi opharm Conm ttee--and Steve--1 m sspelled Steve,
sorry, Steve--Steve Byrn to argue why not. So, that was the

argunment, sort of debate we had, and | will share with you
nmy part of the debate, nmy argunent here.
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[Slide.]

Clearly, we are trying to identify high risk and
low risk. The first day we did have the discussion, and |
think I want to share with you the perspective here again.

Rel ease testing that is based on specifications,
at the tinme of manufacture does not provide the information
that assures shelf life.

So, stability conmtnment may identify stability
problens at a later tine when the product is already in use
by the patients, and if it fails to neet the specifications
once it is distributed, it has to be recalled, and recal
takes tine and may be inconplete, so that is the risk.

I f we approve a product on the basis of
specification, and the specifications do not assure shelf
life, then, the issue becones of a recall, and recall can
never be conplete or isn't generally not conplete, and the

patient already has a substandard product. So, that is the

risk.

[Slide.]

If you really | ook at what are the major reasons
for recall in 1999, if you look at the quality-related

recalls, we recalled, voluntarily, conpanies recalled
products, or we had initiated sone recalls because of sub-

potency, dissolution failures. The nunber two reason for
recall tends to be dissolution failure for quite a few
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years. Super-potency, stability data generated did not
support expiry date, failure to neet established inpurity or
degradant limts.

So, these are the top five reasons for chem stry-
rel ated recalls.

[Slide.]

Clearly, one of the aspects for risk assessnent
here is we feel that a conbination of long term and
accelerated stability testing (and PAS) are currently the
only nmeans of assuring correct expiry date.

Principles of accelerated stability testing are
fundanental | y based on the arrhenius equation, and the
arrheni us equation is based on sinple reactions, solution
reactions, and so forth.

Now, if you are trying to use that fundanenta
reaction theory to predict physical changes, pol ynorphic
changes, and ot her physical, that nay not be appropriate, so
| think having dissolution failures as nunber two reason for
recall is an indication that the stability testing,
accelerated stability testing may not be predicting physical
changes that occur in products.

[Slide.]

Clearly, this nmorning | shared with you the FDA

perspective on biopharm why in vitro dissolution
specifications may not assure bi oequival ence, so | am not
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going to go over that again.

So, that was sort of the debate we had. So, in a
sense, having that debate and having laid out what are the
ri sks associated allows us to then focus on how to approach
that. Cdearly, froma chem stry perspective, the issue
becones if we nove away from pool supplenent, the step woul d
be if conpanies conmt to having sufficient stability data
before they distribute, that m ght be a solution. So, to
begin to identify solutions for noving forward by clearly
identifying where we stand and what are the reasons for
current policy the way it is.

[Slide.]

So et ne focus on the drug product and then share
w th you sone thoughts on the project on blend uniformty.
Blend uniformty is considered as an in-process control test
and it is definitely a devel opnent test, but what are the
problenms with this.

Current policies require denonstration of adequacy
of m xing or in-process powder bl end honbgeneity for batches
that we currently manufacture. However, blend uniformty
testing using sanpling thieves is the only accepted nethod.
If you try to imagine a vessel alnost this roomsize, | nean
if you are making a huge product of that size, it is a huge

vessel that you m x your powders in, and you have to go and
take sanples fromdifferent parts of the blender and use a
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thief to do this, and denonstrate that the m xi ng has
resulted in a honbgeneous bl end of powder to nove forward to
the next step in the manufacturing process.

For nost powder bl ends, based on the industrial
i nput and based on current understandi ng of bl ending
operations, it is felt that blend testing for every
production batch is not necessary and that unit dose
sanpling, the thief that we use, can pose significant
problens. |In fact, the sanpling procedure itself can
introduce artifact and actually tell you that it is not
honogeneous when truly it is honbgeneous.

At the sane tinme you have to keep in m nd when you
m x powders, that is not when the mxing stops. Then, you
transport that powder blend to a different machine. |If you
are encapsul ating a capsule, then, you have to transport
t hat powder to capsule-filling machi ne or tableting machine.
Al'l the procedures used to transport that material can
i nduce m xing or can induce de-m xing, so m xing doesn't
stop at the bl ender.

Clearly, the debate that we are facing nowis the
gap in the scientific understanding and regul atory policies
are a source of continued debate and from an industry
perspective, |eads to undesirable regulatory action, warning

| etters, and so forth.
At the sane tinme we feel that current policies may
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be devoting industry and FDA tine and resources to address a
redundant question, so that is the problemthat needs to be
addr essed.

[Slide.]

The Blend Uniformty Wrking Goup has been
functioning for a couple of nonths now, and they already
have hel d a workshop, and fromthat workshop we have had
public input in howto proceed. The approach that the group
is going to take is to identify if or when bl ending
uniformty tests are needed to assure product quality.

What this entails is a risk assessnent, what are
the high risk practices in blending operations right now?
For exanple, if you have powders which have very different
particle sizes or powders which have static charges, and so
forth, and if you don't account for that, then, blending
m ght be a problem

At the sane tinme, how do you select the right
bl ender for a given powder material, and so forth? So, a
ri sk assessnment of what are the high risk practices would be
a step one. Then, clearly, the second step is to seek to
enhance confidence in end product content uniformty to
assure batch-to-batch content uniformty w thout the need
for this in-process blend uniformty test.

VWhat a patient gets is the tablet or a capsule.
That has to have the right dose and has to have uniform
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distribution of the drug in that material, so that is the
proper question.

Bl end honogeneity testing is an inportant
devel opment function. That is how a conpany woul d establish
an optinmal blend tine, an optimal m xer, and so forth, but
froma regul atory perspective, if we can devel op an approach
whi ch says that end product or core sanpling, just naterial
com ng out of a tableting machine, if that is honbgeneous
t hroughout the production batch, that m ght be a better
approach to working with the current problemthat we have.

Clearly, in sonme cases we probably would need
blend uniformty testing, and if that is the case, then, we
woul d like to devel op and validate nore effective nethods.
Here, nethods, such as near IR nethods and ot her nethods
w Il be | ooked upon.

The outconme we are hoping fromthis work is that
we woul d have science-based recommendati ons for devel opnent
of new gui dance docunents that will identify when and how
powder blend uniformty should be tested, and the hope is
that this guidance can save, not only devel opnent tinme and
resources, but also reduce the nunber of unfavorable
regul atory actions and save tine for both FDA and the
i ndustry.

It is abit ironic. | just want to step back and
share sone of ny thoughts here. Blending is probably one of
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the ol dest unit operations that you can think of, and we
have been naking tablets and capsules for 120 years.
don't know how | ong have you been bl endi ng powders.

It isironic fromny perspective that | think we
are having this debate. W started PQRI with the nost
sinplest, the oldest unit operation to deal with, so | don't
know what that says about the science of building products
here. So, anyway, |et nme nove on.

[Slide.]

Bi ophar maceutics Technical Commttee, the
chairperson is Elizabeth Lane. The basic prem se or the
basic unbrella hypothesis that this commttee has adopted it
that in vitro drug rel ease and ot her appropriate physi cal
and chem cal product tests can be devel oped to assure
equi val ent rate and extent of drug absorption from
phar maceuti cal equival ent dosage forns.

Clearly, | think the desire here is to nove
towards nore in vitro based nethods for assessing
bi oequi val ence, and the first product selected is extension
of the biopharm classification-based biowaivers for C ass |
and Class Il drugs.

The chairperson here is Jim[Polli] fromthe
University of Maryland, so that group al so has been forned

and they have started al ready working on devel oping a
research plan
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I nterestingly enough, in the first working group
nmeeting, they felt that it made it easier to nove in C ass
Il direction, not Cass Ill, although I would have expected
that they would noved for Cass Ill drugs, we will have to
wait and see how that group devel ops the program

[Slide.]

Drug Substance Technical Commttee, | will just
briefly nmention this and then let Steve share sonme of his
t houghts here. This conmttee is going to focus on a
simlar unbrella hypothesis and will deal wth changes to
bul k active materials.

Clearly, the desire here is to devel op neani ngf ul
specifications for drug substances, so that we can control
manuf acturi ng changes for the drug substance itself. The
point I would like to make here is | think this has been a
| ong process, and we, by design, adopted a hypothesis
approach which will essentially create he debate and through
the debate will come data and information to nmake sone
deci si ons.

| think there has been sone reservation with the
hypot hesi s approach neaning that | think the hypothesis is
so structured that it is favoring FDA current policy. That
nmeans you essentially can reject this hypothesis. | think

St eve has sone suggestions of noving away fromthe
hypot hesi s- based approach to a nore descriptive approach,
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and I will let himshare that.

[Slide.]

Let me just share with you sone thoughts on the
Sci ence Managenent Technical Conmmttee. This commttee was
put together with a goal to develop strategies that naxim ze
efficiency of the processes that produce an optinmally
perform ng drug product that neets public health objectives
for identity, strength, quality, purity, and potency.

It was thought that we will start with process
mappi ng, how does a conpany devel op product and how does the
conpany interact with FDA, and can we optim ze those
i nteracti ons between FDA and conpanies, so that reviews
coul d be done quickly, as well as that information could be
used in devel opnent to inprove efficiency, and do this for
both CMC and bi opharm

As | said, that Dave Savilla is leaving this
commttee. The commttee has not been active, and we hope o
reactivate this conmttee soon

[Slide.]

Wth that, | will just share wth you we have nore
detail ed description of the research projects and ot her
information on PQRI, and we have a web site, is
WWW. pgri . org.

Wth that, | will stop and let Steve share sonme of
hi s t houghts.
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DR. BYRN. Thanks very nuch, A az.

Il will just give you a quick additional update on
the Drug Substance Technical Commttee. As you saw, the
hypot hesi s basically stated that if you foll owed GWs and
you critically conpared three paraneters, which would be
physi cal properties, specifications, and inpurities, that
the hypothesis is that those activities al one would be
enough to ensure equi val ence in a drug substance nmade by
different routes at different sites, and so on.

Now, of course, this issue is related to the site-
specific stability issue and really to a | ong-standing issue
in Drug Substance, which is that--and this was extensively
di scussed at the BACPAC, AAPS, FDA synposiumthat was held
in Arlington about three years ago--the widely held belief
that even though two bottles of drug substance are assured
or said to be the sane by anal ytical chem sts, they don't
performthe sane in the fornulation, and they don't make the
sane drug product with the sane dissolution tests and
stability.

So, in this case, the hypothesis is running
agai nst what is comonly held in the field, and we have been
going through a ot of iterations of howto deal with this.
What we decided to do was to constitute, divide it into

three parts, so we are going to divide it into a part
i nvol vi ng physical properties, a part involving
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specifications, and a part involving inpurities, and then
those three working groups will redefine their area and
their hypotheses, to nore carefully exam ne this broad
i ssue.

Qobviously, this is related to BACPAC 2 and BACPAC-
1. The current BACPAC-1 guidance is out for discussion.

BACPAC-2, | believe has not yet been issued, but maybe is

somewhat immnent | think it is fair to say. | said
"somewhat immnent." |s that fair, Helen?
This is another critical aspect. 1In the long run,

we think that this will be a very worthwhile activity
because this whole issue, what we are really trying to do
fundanmental ly is understand what the problemreally is and
why there is this apparent gap between the science of
under st andi ng the saneness, if you will, of drug substance
and the performance of those materials that are thought to
be the sanme once they are taken into fornulation and in

di ssolution and stability.

So, the working conmttees have all been assigned
by our group, and those working conmttees we are hoping to
constitute formally in January with a training session, and
then their job will be to define the projects further in
these three areas.

| don't know whether Ajaz wants to add anything
nore, but that is sort of an update on where we are.
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Now we are ready for commttee discussion on this
matter, so it is open for discussion, either part of A az's
talk, either the PQRI or the Ofice of Testing and Research
di scussion. Any conmttee questions?

Comm ttee Di scussion

DR. RODRI GUEZ- HORNEDO:  Not a question, but | want
to support the initiative. | think it is an extraordinary
effort in bringing industry and academ a and ot her groups
together to work on very rel evant probl ens.

| suspect that the challenge lies in raising noney
for sone of this work, so is there a binding on which
projects get supported or is not a problem you have nore
noney than projects?

DR HUSSAIN: No, noney aspects of PQRI are
handl ed by non-FDA, so | would rather not conmment on noney
aspects.

DR. BYRN. But there is a major effort on the
board of directors that Ajaz |isted, there is a major effort
to raise funds fromthe private sector to support the
program

DR. ANDERSON:. You nentioned sonet hi ng about
sanpling techniques for the powders, | believe, and then you
ment i oned sonet hing about infrared analysis. Could you

comment on that, because you kind of |ost ne?
DR. HUSSAIN: The current nethod is using sanpling
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thief. You insert a thief and then collect a snmall sanple,
and the sanple has to be approximtely the sanme size of the
dosage unit. It cannot be nore than three tinmes. That is
what is required.

But there are new technol ogi es com ng about where
we actually could do honpbgeneity assessnent with, say,
havi ng near IR probes built into the bl ender where you could
| ook at the bl end honogeneity based on sone of the new
technologies. That is what | was referring to.

DR. ANDERSON. Ckay.

DR. BYRN. Any nore questions fromthe commttee?

[ No response. ]

DR. BYRN:. We will open this discussion to the

audi ence. Wul d anybody |like to ask a question or nmake a

coment ?

[ No response. ]

DR. BYRN. Hearing no question, we are schedul ed
to take a break. | think we will go ahead and take a 15-

m nute break until 2:30 and then we will start the Failed
Bi o Studi es discussion.

[ Recess. |

DR BYRN:. W will go to the | ast session of
today. It is a session on ANDA bi oequi val ence studies that

fail to neet FDA's current bioequival ence criteria.
To initiate the discussion, Dale Conner, Pharm D.
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wi |l make a presentation. Thanks very nuch, Dale.
CENERI C | SSUES
Fail ed Bi o Studies

DR CONNER: | amhere to talk today about
sonething that is of great, | guess, interest and concern to
us in the Ofice of Generic Drugs and in OPS. Strangely
enough, when | discuss this with people who are not part of
the industry or the FDA, they often express a great deal of
surprise at what | am about to say. You will see what
mean in a second.

W obviously in Generic Drugs, deal w th ANDAs,
Abbrevi at ed New Drug Applications. As you know, there is a
limted set of one or nore studies, bioequival ence studies,
that we use to approve these generic products.

[Slide.]

To review, for those of you who nmay not have
| ooked at this in alittle while, nost of the studies that
we | ook at, or at least up until recently have been | ooking
at, are generally two-day, crossover studies, single dose
for the nost part, although we have in a |imted subset of
products, we have done mnultipl e-dose studies, nornmally under
fasting conditions, and nost inportantly, our BE criteriais
90 percent confidence intervals cal cul ated based on the

variability of the study, nust fall between 80 and 125
percent, or if you would like to express it in fractions,
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0.8 to 1.25. W do that on both area under the curve and
Cmax.

To date, also, the fed bioequival ence studies,
performed in a simlar manner, are done as a point estimate
bet ween those sane nunbers, 80 to 125. As an asi de, because
| was asked about it outside this norning, | wll reiterate
that at the nmonent, that criteria of point estinate between
80 to 125 has not been changed. That gui dance that was
di scussed this norning nerely changes the design of the
study froma three-way study to a two-arm study. That is
really the only change to date that is out and official in a
gui dance.

Now, we are working on things and we have
proposal s to change that, but until the food gui dance cones
out, as far as | know, it wll stay at point estimate
between 80 to 125.

[Slide.]

As anot her review, | have put down vari ous
scenarios of results that one could get froma
bi oequi val ence trial. Before |l go into this, | have drawn
them you know, for the sake of sinplicity, as a bar, and
the wwdth of this bar is supposed to represent the w dth of
the 90 percent confidence interval results froma study, but

it is inportant to renenber that the results truly are not a
bar that runs very evenly across.
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It is nore of a bell-shaped curve wth nost of the
subjects in the studies centered around the center, and as
you get out to the edges, you get much |less of the subjects
wi th those values, so keep that in mnd that it is not an
even distribution Iike I have drawn it here, but for
sinplicity sake | have depicted it this way because it is
easier to | ook at.

On the top, you can see the blue bar, which is
what nost generic sponsors hope to achi eve when they do
their studies and when they fornulate, which is very nice
passing results, and you will see on the x axis, we have the
test to reference ratio, expressed as a percent, and the two
dotted lines are the confidence interval limts at 80 and
125 just for reference.

So, it is centered around 1 or 100 percent, which
is an idea result, which neans nost of the subjects T-R
ratios are around 1, which is exactly what the sponsor is
| ooki ng for because it says that we are very, very close to
the performance of the reference drug, and the variability
is quite nodest, therefore, the confidence intervals aren't
really w de.

Now, we have a second case. The blue one is the
only one of ny slides or depiction that actually passes or

is thought to pass, but we have different scenarios of
failure, | guess, if you wll.
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The second one is sinply, you know, it is again
the point estimate is centered around 1, so if we | ooked at
neans only, we would be very happy, however, this study has
high variability, so because of that variability, we end up
with a very wde confidence interval

That confidence interval, because of its w dth,
also leads to a failure because it fails, in the way | have
drawn it, on the low side. It goes below 80, therefore,
even though the point estimate or nean of the data is about
as good as you can expect it to be, the product still fails
because the variability is so high that the confidence
interval is wde and fails.

| suppose the sponsor could cone back in and
repeat the study with a test with nuch greater power or with
many nore subjects, and that would effectively shorten this
confidence interval and may actually get this one to pass.
But this illustrates how highly variable drugs often need
nore subjects in their study to be able to hope to pass.

Sonme ot her usual ways of failing to denonstrate
bi oequi val ence--and these are pretty nuch the sanme case with
the sane variability--one is a failure on the | ow side, one
is a failure on the high side. Those have roughly
equivalent, if you will pardon the expression, equival ent

variability to the first case which passed, but they are
sinply off the center.
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The formul ati on has shown itself to be not al
that close. The test is not all that close to the
reference. Therefore, even though they have quite
reasonable or low variability, they still nmanage to fai
sinply because there is a distance between the two
formul ati ons.

So, these failed, not because of variability
i ssues, but because there is probably a sonmewhat significant
di fference between the two fornmul ati ons.

The one second fromthe bottom which is right
here, | show kind of a further extrene. This fails. You
wll notice the previous two failed sinply because they were
close to the end, the point estimate yet was still inside.

The one second fromthe bottomis a bit nore
extrenme case. You see that the actual point estimate or
center part, which | have tried to draw a |line, hopefully,
you can see it, is also outside. So, even though a portion
of the confidence interval or the data is inside the
acceptance criteria, nost of it, including the point
estimate, is out.

It starts to get to a point where the probability
is that sinply powering up a study, you know, using |ots of
subjects may not help this product. | nean it is at such a

state that although it is certainly possible, the |ikelihood
is sinply during a huge study is probably not going to pass
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this one.

Finally, we get to a very extrene case, the entire
confidence interval or data outside the acceptance criteria.
This is one of the few cases where people, rightly or
wrongly, have called this "bio-in-equivalent,"” and a | ot of
peopl e throw around the term "bi o-in-equivalent” in kind of
a cavalier fashion, but inreality, the tests that we do
really do one of two things.

Either they confirmthat sonething is
bi oequivalent or they fail to confirmit is bioequivalent.
Only in an extrene case do we actually, accurately call this
bi o-i n-equivalent, which is quite a different statenent from
the first.

In this one, there is probably no concei vabl e way
you could do this study and get it to pass. It is so
different that it is probably truly not equivalent in any
sense, and there is no type of conceivabl e study design or
power that could ever fix that, and I amnot saying fix it,
but at |east do a study that m ght denonstrate
bi oequi val ence.

[Slide.]

So, what do I nean when we say "failed"?

Different people wwth different viewpoints, | suppose for a

sponsor, anytine they don't get the results that they would
| i ke to have and supports the eventual nmarketing of their
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product, they consider that a failure, and | suppose in
their way of looking at it, it is, but | define a failure as
sinply the results of a study failed to support, for an
ANDA, bi oequi val ence, and therefore, approval of that
pr oduct .

To repeat what | just said on the last slide,
sinply failing to show bi oequi val ence does not necessarily
infer that it is bio-in-equivalent. There are a whole
variety of reasons why one doesn't neet the confidence
interval requirenents or the bioequival ence requirenents,
and I will list a fewof theml|ater.

Sponsors, for the reasons | wll go into, often
choose not to submt failed studies in ANDAs, and | w |
beyond to say it is nore than often, it is nost of the tine
t hey choose not to submt these studies.

When they get a failed result or a result that
doesn't neet their expectations, they either repeat the
study or refornulate and then do a study on that new
formulation. Otentines or nost of the tinme, the FDA is
blissfully ignorant of the existence of these studies, and |
w Il give you sone exanples of how that can be not opti mal
for our decision-nmaking.

[Slide.]

Wiy do sponsors or people feel that they don't
really need to submt these studies to ANDAsS? You have to
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go back for the justification or the understanding of this
to the regul ati ons.

| have paraphrased or alnost directly quoted the
ANDA information. In the law, which | have the citation
down below, it says, "For NDAs all human investigations nmade
to show whet her or not such drug is safe for use and whet her
such drug is effective nust be submtted.” So, it really
doesn't give the NDA sponsor nuch choi ce.

| f you have done or comm ssioned or know about a
study that fulfills these requirenents, you nmust submt it
in your NDA, and for those of you who either | ook at NDAs or
submt them you know how | arge they are. One of the
reasons they are so large is because you just have to submt
every single study you have ever done.

Not all of themdirectly support the approval,
sone of them have been done for very different reasons, but
all of them nust be submitted, and certainly for safety
reasons and sonetines efficacy, there are good reasons for
t hat .

Now, we turn to the ANDA sections of the sane | aw,
and for sone reason which we, based on the anount of tine
that has el apsed, don't really know why this occurred, but
the simlar |anguage to the NDA | anguage was not included in

the ANDA section, so if you |look, you wll not find that
statenent up there in the section that deals with ANDAs and
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the requirenments for ANDA subm ssion

Even the people that were around at the tine don't
seemto renenber why that was omtted, whether it was sinply
an oversight or it was done with a specific reason in m nd,
but suffice to say that it is not there.

Therefore, the interpretation of many has been
that we don't have to do it, if the law |leaves that out, it
must nmean we don't have to do it. So, the interpretation
for a great many years has been that sponsors of ANDAs do
not have to submt studies that fail ed.

[Slide.]

Some ot her inportant considerations or
di scussions, and this is just to provide nore information.
| got these facts fromsone of our |awers, who put these
out as things to think about.

There are a couple of other parts of the | aw and
pronouncenents from FDA that kind of affect this. The first
one | have listed there is a requirenent in 505(j) that an
application may not contain untrue statenents of nmateri al
fact. So, things that are material facts can't be
m sstated, and this I think to everyone nakes sense. You
can't purposely nmake m sstatenments in your application. |
don't think that is a very controversial rule.

The second thing is that selective reporting of
data may constitute untrue statenents of material fact, and
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the exanple that | cited up there is actually about
stability testing where a firmwas doing stability testing
on their product, and sone of the stability tests didn't
actually get very favorable results.

They were able to keep doing the stability testing
until they got the results they wanted, and they sinply
subm tted the best ones.

Based on this particular case, it was stated that
this is not acceptable behavior and that it is truly
sel ective reporting to nake a case that may not be true.

So, if you put these two things together, one of
the thoughts is that failure to report failed studies may be
consi dered sel ective reporting, because you have a body of
data, you are only submtting a portion of it.

Again, just food for thought, sonmething to think
about .

[Slide.]

Way do studies fail? | canme up with probably the
short list. Those of you who do these studies or are in the
i ndustry maybe can conme up with even nore. But first and
forenost, is an under-powered study. | kind of referred to
that in ny graph of results. Sinply when you nmake a
statistical analysis or study plan, you try and estinate the

variability and therefore, the nunber of subjects you need
to do your study, and sonetines the estimate is wong, or



© 00 N o g b~ wWw N PP

N N N e e e e i e o i
W N P O © 0O ~N ©o O » W N B O

NN
(S N

189
you m ght have made a correct estimate and you get an
unusual nunber of dropouts. So, by the tinme you have
finished your study, the study was well perfornmed, you have
a product that you really believe in, yet, you have cone up
short as far as the nunber of subjects you need for that
study, and you cone up with an under-powered study.

One of the two things that controls the w dth of
that confidence interval are how many subjects you use, and
the other is obviously the variability of the products.
mean that is an obvious one, and | think probably people who
have done the studies have all cone up against this at one
time or another.

Some sponsors seem determ ned to be ahead of the
curve and use sone type of unusual study designs, and it
backfires on them W have seen that occasionally. They
really believe they have a better way of doing things than
everyone else, and it is perfectly legitimate to cone in and
make that argunent to the FDA if you think, you know, even
if it is in a guidance, you can cone in and make an argunent
that you know a better way and discuss it with the FDA, but
soneti nes people just go ahead wi thout discussing it and it
really backfires. They don't get the results they want, or
the results that they get are very hard to interpret based

on an unusual study design.
You can fail because of outliers, and I wll go
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into alittle bit nore depth about what we consider--and |
specifically refer to it as an "outlier" response, and |
will explain that in a mnute.

When you are doing only 24 subjects or perhaps a
little nore than that, it doesn't take too many odd results
to get it to fail. | have spoken to a great many sponsors
who believe that 23 of their subjects told themthe truth
and exactly what they wanted to hear, and just one subject
whose data kind of m sbehaved actually caused the whol e stud
to fail. So, we get into a |lot of discussions on that.

Certainly, assay issues of various kinds.
Strangel y enough, sonme sponsors still try and validate their
assay after they have used it, which seens to ne it kind of
makes sense you would want to determ ne that your assay
wor ks before you actually did the study and spent the noney,
but sonme people only renmenber to do it afterwards.

O her issues where sanples are |ost, you end up
with mssing data that is hard to incorporate. There nay be
questions. | have dealt with one sponsor who had a study
which failed on one data point, a single data point. If we
dropped the data point, the study passed, if we included it,
it failed. 1t was a very unusual | ooking data point, but
t hey had absol utely no docunentation there was anything

amss with it, you know, nothing in the |ab books, nothing
that said, oh, | dropped the sanple or | dropped drug into
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the sanple, or anything like that, no docunentation at al
that it was a lab error. So, we had no choice but to not
drop it.

So, even in sone borderline cases, even a single
sanple is enough to throw a study into the failure.

Al so, strangely enough, wong reference, we have
encountered that once or twice. W had a case recently
where a firmwas pursuing registration in two countries, the
United States and a foreign country. They brought | arge
gquantities of the reference brand nane drug in each of those
countries, and they had kind of a snafu in their shipping
departnent, and for both studies they shipped out the
foreign reference. So, they did two studies on that
reference, and didn't use the U S. reference.

They cane in and said, well, you know, we think it
is the sanme thing, could we just use that study anyway, and,
you know, sorry, it has to be the U S. reference. You would
think that this wouldn't happen, but it has happened, so
peopl e have actually used the wong reference.

[Slide.]

Are there other things that give people trouble?
Basel i ne-corrected versus non-corrected. Sone endogenous
substances that are given, hornones or potassium really can

make a big difference whether you baseline-correct or don't
correct the data. | think baseline correction is a very
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controversial issue, and with a lot of drugs there is really
no right answer. You know, people could argue yes, we
shoul d take away that baseline which is there anyway in the
subject, or we just use all the data. So, that is kind of
controversial, but it often makes a big difference in
whet her a study fails or passes.

You can do incorrect statistical analysis. You
woul d think that what we do up to nowis fairly sinple,
especially for a statistician, but sonme people kind of screw
it up now and then and use the wong nodel or the wong
anal ysis, and they either think they passed, when they
really failed, or vice versa.

Conpl i ance issues, not terribly germane to this
because usually, it is a study that we think has passed, and
i nspectors go out and find some major flaws with the study,
and we have to throw it out because the flaws that they find
actually invalidate the study, so that is | guess a way to
fail the study or at |east negate the effects of the study.

Last but not least is the fornmulation just may not
be bi oequi val ent, and, you know, in a way you have got a
failure as a result, but to nme as a regulator, it has told
nme what | want to know. | nean if the product really is so
far away that it cannot be considered therapeutically

equivalent, | really would Iike to know.
| mean | consider that a successful test if it
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tells me that even though, as a sponsor, you may all not
like it.

[Slide.]

| have a coupl e of exanples, hopefully, this wll
illustrate.

The first one, | have disguised the nanes of these
drugs, so we won't enbarrass any sponsors or actually give
away proprietary information

The first exanple | have we will call Drug X It
is an oral liquid. This is a liquid dosage formthat is
m xed with a beverage prior to admnistration, and when it
is mxed, it forns a conplex dosage form It is not in
sol ution.

So, we asked for bioequival ence studies on that
product. Now, we had one sponsor who used a beverage of
their choosing, and they did the required bioequival ence
studies. They were found to be bioequival ent and eventual ly
approved.

In the neantine, while we were review ng the ANDA
before the decision was nmade, they perfornmed anot her study
i n anot her beverage. Now, this beverage happened to be one
that was specifically recommended in the | abeling, the first
beverage was not, but it was a beverage that was comonly

used with this drug, so we didn't think nuch of it at the
tinme.
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They did this in this other beverage that was one
of the beverages that was recomended, and | o and behol d,
they got very surprising results in that it was not the
| east bit bioequivalent in this other study, in one of the
| abel ed conditions of use, |abeled beverages. |In fact, it
canme very close to being bio-in-equival ent although not
qui te.

So, faced wwth this dilema about should | submt
this to the FDA or should I not, they chose the usual
course, which was, well, we don't have to submt failed
studies, so, of course, they didn't submt it.

W went on, even though the results of this were
back in nore than enough tine to submt it prior to the
approval, they decided it wasn't necessary. So, we went on
and approved the product.

Now, clearly, this is a very good exanple of why
we really need these studies, because this is one of the
studi es that would have drastically affected our approval
decision. | nean this was a | abel ed condition of use
specified in the |abeling.

If we had seen this, we in all |ikelihood would
not have approved this product.

[Slide.]

My second exanple is a solid--1 will call it Drug
Y--solid oral nodified rel ease dosage form W received an
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ANDA. It had a study or studies which appeared to be
passing studies. W were proceeding with our review.
Because of our normal procedures, we sent out an inspection
on these studies and while the inspectors were there, they
happened to discover that the firm had done another study on
the sanme drug. That study, when they | ooked at it, that
study had fail ed.

So, they brought that to our attention. W had a
| ot of discussions with the sponsor about what the
inplications of this other study were. Cone to find out,
they had actually perforned a third study. | have depicted
the results 1, 2, 3 here. The third study was kind of their
justification for why they thought the first study that they
subm tted was the appropriate one, and the second one was
not .

So, we will say the first study against Lot A of
the brand product, which is the first they did, failed, and
as you can see it failed on Cmax 105 to 130. That is the
first study they did, and, of course, they dutifully tried
to investigate why this had occurred, because they really
believed that their product devel opnent had been on target
and that they had a bi oequi val ent product.

They picked another lot, and we will call it Lot

B, of the brand, and did another study, again with their
sane test against that product, and that one passed very
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nicely. Then, in the process of trying to justify what the
probl emwas, they did a third study, sonmewhat smaller than a
regul ar bi oequi val ent study, but still 1| think nmeaningful.

In this one, they tested Lot A versus Lot B of the
brand, and that failed, with the results shown, 111 to 131.
Their contention was, |ook, you know, we have done the best
we can to target our fornulation to be equivalent to this
product, but, look, different |ots of the innovator are now
bi oequi val ent to each other.

That wasn't the only part of their argunent, but
that was a major point in their argument that, |ook, you
have a problemw th this innovator. The fornulation they
are putting out is extrenely variable, and not all of them
are bioequivalent to each other. So, how can you hold a
generic to a higher standard than you woul d separate
acceptabl e marketed lots of the innovator.

It turned out to be sone sort of a problemwth
t he RLD.

[Slide.]

| have shown you types of studies that we don't
usually see. This is actually a failed study that we
actually see nore often than not. That is outlier issues.

A l ot of people get confused or people that have done ot her

types of studies, saying, well, |I have outlier data, | can
use statistics to drop it because there is sonething wong
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with that person or that data, and generally, we are very
resistant to dropping data based on outliers because in the
one case, if a person is qualified as a nornal subject to be
in the study, and you sinply don't |like the way they
respond, and we will assune that it is a good response for
that subject, is not a reason to drop it. That is actually
nore of a reason to include it. That was a valid result for
subj ects, and the fact that that subject happens to |lie out
on one edge or the other, as far as its response, is really
much nore reason to include it than drop it.

However, there is another case where sonething
happened, sone technical flawin the study where one of the
periods for that subject did not give you in any way
reasonable results. It mght be nmuch | arger than anyone
else, it mght be next to no drug present. So the belief of
the sponsor is if | studied this person 10 nore tines, |
woul dn't get this result, this was sonething anomal ous and
this person is not an odd person, but just gave nme an
anomal ous result.

What we do in those cases is generally ask the
sponsor to study the drug, study that subject again with a
couple of the original people fromthe original study as
controls and see can you repeat this, you know, do they give

you the same odd-| ooking result, or does now the subject
| ook much |i ke everyone el se.
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The whol e point of that is to sinply provide

justification for dropping that subject in the original

study. Unless anyone is worried, we don't take that new

data and substitute it back into the old study. It is

sinply by saying yes, that was a bad study for that subject,

and sone technica

fl aw caused that subject to give you very

bi zarre results, and if you did it 10 nore tines, it

woul dn't happen.

So, it is kind of a way to allow the sponsor to

submt data that was truly anomal ous response, and not

sinply the study subject was kind of an outlier

physi ol ogically. |
[Slide.]

have an exanpl e here of that.

So, the questions for discussion for the

commi ttee, because
discussing it a lot

public is: Should

we have been considering this and
internally, and started to discuss it in

sponsors of ANDAs submt the results of

al | bi oequi val ent studies perforned on the to-be-nmarketed

ANDA fornmul ati on?

Now, it i

s probably not reasonable or even

necessary that a sponsor submt their early devel opnent al

type of work on devel opnental formulations, but | think our

current belief ist

hat the formulation that a sponsor

actually intends to put on the market, if they have done

ot her additional st

udies, we would certainly like to | ook at
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that to nake a judgnent of whether it inpacts our approval
deci sion or not.

The second one, sone people in the generic
i ndustry have expressed to ne that it is kind of a burden to
expect sponsors to submt full, conplete audited reports
with all of the data like they would with their so-called
pi votal study, and that they aren't as opposed to doi ng nore
summary type of information, just to say we have done a
study, these are the results. W had enough details to be
able to judge whether it is inportant or not, but perhaps
not all the raw data, not all the chromatograns and things,
and not the full QC that you usually would do.

So, sone sponsors have expressed that they think
that woul d be reasonable to just get conplete sumrary
information rather than a full report, and that that
woul dn't be quite so burdensone to them

The final question: Wat should the FDA do with
this information? Should we do a conplete and in-depth
review on these failed studies, or would sinply a brief, but
very careful exam nation of the study to see if, you know,
in those rare cases where it would affect our decision,
whet her there is anything el se that woul d make us doubt the
equi val ence and approvability of this product.

So, those are our questions.
DR. BYRN. So, now we wi |l have questions for our
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speaker and then di scussi on anong t hensel ves.

DR. VENITZ: Dale, on one of your slides you used
the term RLD, what does that stand for?

DR. CONNER: Reference listed drug. It is the
drug that is designated in the Orange Book as the reference
that all generic or ANDA sponsors have to conpare thensel ves
against. Mst often it is the brand nane al though not 100
per cent.

DR. LAMBORN. | had a question about your first
exanple of failed, the instance where the sponsor did a
study with a beverage that was actually listed in the
| abeling and failed, | would have thought that not telling
you about that, under this general guideline of selecting
reporting, since that was specifically in the | abeling,
woul d have al ready been covered as distinct fromthe
majority of the cases.

DR CONNER. | amnot sure | want to get too far
into that, but | nmean that | guess various |egal people
woul d have an opinion one way or the other whether that was
covered or not. Again, | think it is a matter of
interpretation. One of our desires | think is to kind of
close the level of interpretation to nmake things nore clear
to sponsors and everyone el se, you know, what they should

submt and what they should not.
DR. LAMBORN: And the statenent about selective
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reporting constituting untrue statements, that is just
sonebody' s cl ause, that soneone said maybe this is sonething
that coul d apply?

DR. CONNER  Yes, that is just one | egal opinion
and you coul d probably get others, as well. | nean it is
one way of thinking about putting those two previous
statenents together. W are not pronouncing it to say that
it is adefinite fact, but it is one way to interpret the
previous things that | have said.

By any neans, it is not the only way to interpret

DR. BOEHLERT: Wth regard to NDA failed studies,
do they submt the conplete report or just sumaries?

DR. CONNER My experience frombeing a reviewer
of the Pharmacokinetic Section of an NDA, is nost of the
time if it is done in U S. studies, it is pretty much
conplete. | have al so seen variations, for exanple, when
sponsors are submtting, say, early pharnacokinetic studies
or early food BA studies to Japan, for Japanese
registration, | have seen themin summary form

Now, is inportant to note, though, that even if we
request sunmaries, if the reviewer or the Review D vision
decides that that is an inportant study that we really need

to see, we reserve the option of asking for the whole thing,
so it is merely with the expectation that nost of the tine
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we are not really going to see any significant problemwth
that summary. In a mnority of the tinme, we will see
sonet hing that could be very significant, and then we w ||
go back to the sponsor and ask for the conplete information.

It allows us to be selective and sinply get the
full report on only the things that we have | ooked at and
consider inportant and significant.

DR. ANDERSON: On page 2 of this docunent that |
have here, you state that sponsor often choose not to submt
failed studies in ANDAs. You added to that during your
presentation "nost of the tine."

DR. CONNER  Yes.

DR. ANDERSON: If they don't submt them how do
you know that they failed or they have thenf

DR. CONNER: That is a very good question.

[ Laught er.]

DR. CONNER It goes to the part of, you know,
sone sponsors--for exanple, one of the sponsors in the first
exanpl e, when we discussed later the results of the study
and were in discussions with them they said, well, we
didn't submt it because you didn't ask us for it. The
response | guess back is how could we ask you for it if we
didn't know it existed.

So, it is question, | mean as part of the
del i berations and di scussions, one of it is, well, how many
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studies are we really tal king about here, you know, is it 20
percent, is it 10 percent, is it a very small nunber, you
know, and | don't think that | have the exact nunbers on it
as a percent.

| am sure that the people who really know this are
CRGCs, who do these type of studies for a lot of different
sponsors. It may not even be a single sponsor knows exactly
what the percentage is unless they have a | ot of products
and do a lot of this type of work, but | think CROs, that do
literally hundreds and hundreds of these studies, probably
have a good i dea.

In fact, to give you kind of sone prelimnary
information, Larry Lesko, who | amnot sure if he is stil
here, prior to comng to the FDA, he worked for a few years
in a CRO and he estimates that of the studies that he did
in that CRO that probably 20 percent or so failed, perhaps
25 percent, and, of course, not all of themare on the final
formulation, so it is probably a smaller percent or the ones
we are actually discussing here.

It is hard for ne to estimate exactly what we are
| ooki ng at here, but naybe sonme sponsors or CROs woul d have
a better idea.

DR. ANDERSON: | am not disagreeing with you in

ternms of a need to have the information, because in the next
statenent here, you say, "Sonetines these contain inportant
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information," et cetera, et cetera, and | agree with that.

As an experinentalist nyself, if sonething goes
wrong in an experinent, | need to know why it went wong, so
| can correct it in the future, and it seens to ne like it
is not playing fair when you pretend that sonething didn't
go wong, and you go ahead and send it, but then
under st and why these things happen.

| would say that |I think it is inportant for
anyone who is trying to nmake a judgnent about sonething to
have all of the infornmation, and the person who has
information that may not be quite as positive, if that makes
sense, as one would like it, maybe could have an expl anati on
for it, and then it would be up to the reviewer to determ ne
whet her or not the explanation nakes sense.

DR. CONNER | think you are perfectly correct.
woul d expect and encourage sponsors, when they submt this
type of information, to give their spin on it or their
interpretation of why this wasn't an inportant finding, you
know, the flaws, you know, the reasons they think it failed.
| mean obviously, they do that anything because when a study
fails for a sponsor, they have to nmake the decision, well,
was there a technical flaw in the study and should | stick
with this forrmul ation, and just do another study, or does

this really tell that | should reformulate, should | keep
trying to push this one through, which now | have a study
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that tells nme it mght not be as good as I think it is, or
should I go back and refornulate, and that is kind of an
expensi ve and time-consum ng process to refornmulate a
product when you are that far along, but also, these studies
are very expensive, too.

It is sonmething | think that npbst sponsors, you
know, the decision when they get this type of result, they
have to make that internally anyway.

DR. ANDERSON: | understand that, but it may fai
once it gets to the public, and that is even nore expensive.

DR. CONNER  Yes.

DR. ANDERSON: And perhaps they ought to al so | ook
at the fact that | believe that if we are tal king about
generic drugs, they don't have to do all the research and
starting out from scratch, nmaking the conpound, and all of
that, a very expensive part, but perhaps the nost inportant
thing here is that it may be disastrous if a failure occurs
once you have approved it w thout know ng that the failure
has occurred ahead of time, and it occurs once it is out in
t he public.

DR. BYRN. | wanted to ask, follow ng on the
di scussion fromthe BACPAC di scussion really where it is
pretty widely held, | think, generally held, that drug

subst ances they are saying don't manufacture into the sane
product necessarily, | don't know how often this happens,
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but if the dissolution test is not very discrimnating, you
have that scenario, and then, say, a submtter does three
bi oequi val ence tests, of which only one passes, and they
submt that, under that scenario, there would be significant
variability basically in the product, and that would seemto
be sonething that the Agency shoul d know about.

Are there cases like that, do we think it goes to
that extent or not, or do we know?

DR. CONNER:  As we said before, I amkind of
limted in ny know edge of this. | have heard through sone
runors, sone very informal discussions over cocktails at
meetings and things, that people do studies that don't pass.

You have to renenber, though, although |I am sure
t here have been sponsors that have kind of plunged ahead and
done three studies, even four studies on the sane
formul ation, but nost--there are a nunber of generic
sponsors in the roomright now-but nost of these studies
are very expensive and nost of these conpanies, you know,
they aren't the multibillion dollar conpanies that produce
brand drugs, so I nean nost of the conpanies can't afford to
just keep pluggi ng away, you know, a quarter of a mllion to
a half a mllion dollars a shot, you know, beating their
head against the wall to try and get a product through.

It becones you either give up or refornulate. |
don't expect that nost of the tine we will see nore than one
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extra study, although, as | said, |I amkind of ignorant on
t he exact nunbers and how nmany tinmes people try on the sane
formul ati on.

DR. LAMBORN: In that sense, it seens to ne that
this beconmes | ess of an issue because on the one hand, if,
in fact, they don't do many nore studies, and if all you
have asked for is, as they have suggested, a summary, then,

t here does not becone a substantial additional burden on
their part to provide the information.

If there is the occasional case when, in fact,
there really is sonething substantively wong, then, you
will have the information to be aware of it, so | guess | am
now noving from questions to votes, and I will reiterate
sonething | have said at nunerous other tinmes when this has
conme before this commttee, and | think we have had the
sense before also that whatever we can do to support the
regul ation that would require that for the proposed narketed
formul ation, that there nust be sonme record and that it
could be in the formof a summary that should cone to the
Agency on all the studies that were done, and that would
allow you to limt the burden for those instances where it
is just part of the process, but would assure that you have
sone chance to identify in advance, prior to marketing,

i nstances where there m ght be substantial risk to the
consurmer.
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So, | would like to put that forth as a statenent
fromthe commttee.

DR. VENITZ: | have two questions for you. The
first one in your Exanple 1, did you have any recourse after
you approved that product, or you basically shrugged it off?

DR. CONNER  Yes, when we finally discovered that,
we took regul atory action.

DR. VENI TZ: The second question. Let's assune
that the commttee cones out in favor of requiring
submi ssion either in the summary form how are you going to
enforce it because the | aw apparently doesn't require it?

DR. CONNER.  Well, there is a variety of avenues
that we are exploring. Cbviously, one of themis to anend
the law or the regulations, to incorporate |anguage or to
add | anguage of the kind that is in the NDA section. There
are perhaps sone others, too, but that is probably the nopst
solid way.

DR. LAMBORN. Wuld it be helpful in this case for
us to give you a nore fornmal vote?

DR. BYRN. Wat | thought is we m ght have
comments fromthe audi ence and then the comm ttee have sone
nmor e di scussi on

Are there comments fromthe audi ence, questions or

comments fromthe audi ence? Just as before, please identify
your sel f.
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MR. SHARGEL: | am Leon Shargel. | amwth the
Nat i onal Associ ation of Pharmaceutical Manufacturers. At
the National Association of Pharmaceutical Manufacturers,
represent the interests of generic drug manufacturers and
drug substances.

| would first like to thank Dr. Conner for
mentioning in his title, that when we tal k about filed
bi oequi val ent studies, that these are studies that fail to
neet bi oequi val ence goal posts or regul ati ons.

Very often we are concerned that fromthe inmage
point of view, that failed studies often nean the generic
did not do the appropriate studies, and as nentioned, if you
do good science, and we don't get the nunbers that wanted,
it is still good nunbers, it just tells us that we have the
wrong fornul ati on of perhaps we sanpled wong or we have
sonet hi ng el se.

So, | do thank Dr. Conner for pointing this out.
| just want to also point this part out. | also have sone
comrents about the idea whether all studies should submt--
and maybe | will go through sone of these questions--in the
NDA devel opnent, there is very little experience in human
studies with a new drug entity.

You get that as you go through the various stages

fromthe IND eventually to market approval. By the tine the
patent is at expiration date, there is a |ot of experience
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on the safety and efficacy of the product, otherw se, it
woul d have been off the market prior to a generic com ng
t hr ough.

The pivotal bioequival ence study is usually nmade
on the to be marketed batch that is going through CMC revi ew
and through Dr. Conner's Division of Bioequival ence, and
that should be the focus for the basis of the quality of the
product that we are asking for approval.

Very often we do do early studies. W may | ook at
a formul ati on because we don't have the information fromthe
brand or the reference listed drug, so we may do a pil ot
study to | ook at subject variability, intra- and inter-
subject variability, or just in terns of sanpling tinme or
sone ot her thing.

So, there may be a nunber of studies in the
devel opment of the final fornulation and i ndeed, when you do
what you think is a final forrmulation, as | said, it may not
pass the bi oequival ence requi renents because we may have
sanpl ed wong, the outlier, sone other things, not enough
subjects, didn't have the power, it could be a variety of
ot her aspects.

Now, when these studies are done, it has been ny
experience that the sponsor does not wite up a full-blown

report on studies that they are not going to submt, so they
woul d not have a full-blow study, why wite up a whol e
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report on a small study or such when the inportance of the
study that is going to be marketed, the final formulation,
is where the focus is.

Now we get to the point of what we are giving to
the FDA, and the question is how nmuch wll this detract the
reviewer fromfocusing on the formulation that we are saying
we would like to market this formul ation, we have had two
formulations that we did in a pilot study, one that we
t hought woul d work, but now we realize that the fornulation
was releasing too quickly, too slowy, whatever the problem
was, we have now corrected that problem and here is the
study that we are submtting, and that is where we want to
f ocus.

W really don't want to |lose review tine and ot her
things. The data is on file, | nmean with the conpany.
Certainly, in pre-approval inspections, as pointed out, A
field inspector, an FDA field inspector will | ook at the
industry, wll say, okay, you have done other studies, and
this can be certainly questioned and shoul d be answered
honestly, yes, we did three studies, and here is what we
have.

But | have concerns as how nuch tinme will it take
away fromreview tine, where is the focus on that, and that

is the way we feel.
Now, the |ast question is what should FDA do with



© 00 N o g b~ wWw N PP

N N N e e e e i e o i
W N P O © 0O ~N ©o O » W N B O

NN
(S N

212
the data, and I would never tell FDA what to do with the
data, so | wll leave it alone, and | thank you very much.

DR. BYRN. Thank you.

DR. VENI TZ: Wuld you be opposed to submtting
all the clinical data on the to-be-marketed fornul ation,
even if it is nore than one study, or you are just opposed
to the prelimnary pilot studies with a variety of
formul ati ons?

MR. SHARGEL: | amnot sure | want to submt al
studies. | would not be opposed to summaries of this is
what we have as prior art, that we have done two or three
studi es, and such, and nmaybe a quickie little sumrary
saying, well, we did a forrmulation in 12 people to see
whet her we have inter-subject differences or inter-subject
whatever it was we wanted to | ook at to get a better idea of
the plasma | evel profile description of the kinetics before
we did the bigger study, and then we realized we sanpl ed
wrong, but, you know, with rmaybe a comment that it was done,
and if FDA really feels the urge or need for the data,
certainly, it would be avail able.

DR. BYRN. Thank you.

O her questions, other coments fromthe audi ence?
Yes, sir.

MR. TANTILLO M nane is Nick Tantillo with ESI
Lederl e.
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The first question | guess that Dr. Conner posed
was shoul d sponsors submt the results of all BE studies
performed on the to-be-marketed ANDA fornul ati on, and as |
guess the previous speaker had nentioned, that sonetines
pil ot studies are done, ultinmately |leading to a pivotal
study. Sonetines that pivotal study nay not denonstrate
bi oequi val ence.

In that case, a firmcan either repeat the study
or do nore studies, or, in effect, nmake a decision to
refornul ate or change the manufacturing procedure, in which
case that fornulation, that product is no | onger to-be-
mar ket ed fornul ati on, and now becones sonet hi ng ot her than
t he to-be-market ed.

| guess | just wanted to ask the commttee if you
were considering the subm ssion of all studies or really to
clarify the point of the to-be-market fornulation, which
woul d be the fornmulation that is the subject of the
application for clarification.

DR. BYRN. So, we can discuss that question.

DR. CONNER | think our view, at |least at the
current nonent, is we are interested in that fornulation
that is intended to be marketed. | nmean if it is very early
and very different formulations, although, of course, having

that information woul d be very educational for us, | don't
think it is necessary or conpelling that we get that
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i nformation.

The other thing that | have a little worry about
in the back of my mind is | think we have deci ded we want
the to-be-marketed fornul ation, but the definition of the
t o- be-marketed formul ati on has to be clear.

For exanple, if a sponsor does a full biostudy and
t hen changes the color of a tablet, nothing else, or sone
very superficial change, or the inprinting or sonething, is
that the final formulation? | would say if the change is so
tiny as to be nonsignificant, a change under, say, SUPAC, |
woul d say | want to see that study.

If it is a nore significant change, again, by sone
rules, such as SUPAC, perhaps that is a different
formulation. It remains to be worked out what is the final
formul ati on and how far do I need to be away fromthat
before I amnot interested in seeing that information
anynore. So, it is sonething we have to iron out, | think,
and perhaps with industry input about what exactly is the
final forrmulation. So, we have to get that definition
correct.

DR. BYRN. Any other coments fromthe floor?

[ No response. ]

DR. BYRN. Let's have another discussion of the

commttee or continue our discussion. Kathleen.
Comm ttee Di scussi on
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DR. LAMBORN: | think ny proposal as the potential
statenment fromthe commttee still stands. | think that
t hat woul d be worthwhile, and | think it is consistent with
what we heard fromthe audi ence because we are talking, with
a clarifying of what is neant to be "to-be-nmarketed," it
woul d resolve a |lot of the questions about a | ot of the
things that would not be directly focused, and again | think
we are tal king about a summary rather than the sanme | evel of
report that would be required for the pivotal, just enough
information for the Agency to have a sense of, well, yes,
they did a study, and they had too few patients in it, or
they did a study, and the variance was hi gher than they
expected, so they redid it.

Then, we have very limted information in the
first one, and then we had the pivotal one which matched, or
we did, you know, five studies and then we repeated exactly
the sane study a sixth time, and it finally passed, but
maybe the Agency would then want to say, well, maybe we
should see a little bit nore about the others, because if it
took you six tries wth the exact sanme fornmul ation, and the
exact sane study, was there sonething in there that we have
to worry about.

So, | think we are tal king about trying to limt

t he anmount of extra work, but just give enough to highlight
potential sources of a problem
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DR. BYRN:. O her comments fromthe commttee?

DR. BOEHLERT: | would just add | think it is
going to be inportant for us to clarify, as Dale just spoke
to, at this point, on what is the final fornmulation. It is
not out of the real mof possibility that a dye change can
change the performance of the product. There are
interactions known in the literature between dyes and active
ingredients. So, | think we are going to need to clarify
what is indeed the final formulation, but cosnetic changes
certainly should be included.

DR. BYRN. | guess there would be no way to put in
there one say is to define it with SUPAC, another way woul d
be to put a statenent in there sonmething like all BE studies
t hat have any bearing on product variability woul d be
reported to the Agency. That is probably too vague, but |
am concer ned.

Even the innovator may not know the effect of
slight changes in the fornulation on product variability,
because they nmay have nade it the sanme way all the tinme, and
so we could have a situation where you start changing and
adjusting just a little bit, and you get a very variable
product, and there is no way to know that unless you report
essentially all the experinents that showed how variable it

was. Maybe that is not a real problem but if there was a
case like that, it would certainly be of concern, because
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you woul d have a product that was pretty variable out on the
mar ket .

So, | don't know how to word it such that you
could get--you would like the Agency to be able to review
all that data, so that they were aware of it and coul d nake
sonme decision in their deliberation.

DR. CONNER  Sone evidence, limted evidence but
still good evidence about variability conmes through
bi ost udi es.

DR BYRN: Right.

DR. CONNER:  Both the history of the innovator, as
well as the information that generic sponsors put in on both
their own product and the reference listed drug or the brand
name. That gives you a | ot of sense of total variability.
Wth two-way crossovers, you can't really tease out intra-
subject variability too well. That really takes a replicate
design or sone other type of design to do that.

One of the criteria in effect is based around
variability. |If you have an extrenely variabl e product or
two products, then, it is nuch nore difficult to pass, or
much nore likely to fail. It requires greater power to
det erm ne bi oequi val ence in that case.

Also, | would like to go back to what Leon said

two speakers ago. It is fine. | have heard the industry
say this before, well, you know, we have themon file, and
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you can just conme and ask for them but again we get back
into that catch-22 of how can we ask for themif we don't
know t hey exi st.

In nmy experience, | have never been an inspector,
but ny experience with inspectors is we generally tell them
what to go out and | ook for, and they | ook at the things we
tell themto, and only in rare cases do they happen to
stunbl e over sonething, but if they don't know sonething
exi sts, the chances are they probably won't find it.

This particular study Drug X, you know, based on
sone di scussions with the sponsor of that application, you
know, after this all came out is they said, oh, yes, it was
in file cabinet sonmewhere, you know, it was in sonebody's
office who had left the conpany. That was where the records
were archived. An inspector, unless they were rifling
t hrough everyone's file cabinets in the conpany, would never
have found that even by chance probably.

You know, the sponsor, for a variety of reasons,
finally submtted it to us based on sone requests from
foreign regul atory agencies, | believe, and they discovered
it again and decided to do the right thing and submt it.
That is how we found out about it.

But even sone of the people at that conpany didn't

know t hat that study existed.
DR. BYRN. | think we have a proposal or general
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consensus, which you do you want to reword that or just re-
summarize it? Go ahead.

DR LAMBORN. | can give it atry. | guess that |
am suggesting that the commttee state its support for
what ever has to be done by the FDA to ensure that sponsors
submt the results of all BE studies perfornmed on the to-be-
mar keted and the fornmulation in the formof a conplete
summary, and that the FDA should do a brief, but careful
exam nation to identify potential problens worthy of
requesting additional information.

DR. BYRN. Ckay. Any other comments?

[ No response. ]

DR BYRN:. | think we will just have a show of
hands for a vote.

Al in favor?

[ Show of hands. ]

DR. BYRN. Ckay. It is unaninous.

| don't think we have anything el se to discuss
today, so | would like to thank all the nmenbers of the
commttee and the audi ence for their assistance.

Thank you very nuch.

[ Wher eupon, at 3:45 p.m, the neeting adjourned.]



