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PROCEEDI NGS
(8:42 a.m)

DR. ZI MMERVAN:  Good norning, |adies and
gentlemen. We'Il get started. |'m Cheryl Zimernman from
the University of Mnnesota. It has been indicated to ne
that |'mActing Chair of this group today, so I'd like to
wel come you all here to the Advisory Conmttee for
Phar maceuti cal Science.

Before we go any farther, Kinberly Topper wll
read the conflict of interest statenent.

M5. TOPPER  The foll owi ng announcenent
addresses the issue of conflict of interest with regard to
this neeting and is nade as part of the record to preclude
even the appearance of such at this neeting.

Since the issues to be discussed by the
committee will not have a unique inpact on any particul ar
firmor product, but rather may have w despread
inplications with respect to entire classes of products, in
accordance wth 18 U S.C. 208, waivers have been granted to
each menber and consultant participating in the commttee
meeting. A copy of these waiver statenents may be obtai ned
fromthe agency's Freedom of Information Ofice, Room 12A-
30 of the Parkl awn Buil di ng.

In the event that the discussions involve any
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ot her products or firns not already on the agenda for which
an FDA participant has a financial interest, the
partici pants are aware of the need to exclude thensel ves
from such invol venent and their exclusion wll be noted for
t he record.

Wth respect to all other participants, we ask
inthe interest of fairness that they address any current
or previous financial involvenment with any firm whose
products they may wi sh to coment upon.

Thank you.

DR ZI MVERVAN:  Wth that, we'll start by
i ntroduci ng ourselves around the table. W wll start with
Dr. WIIlians.

DR. WLLIAVMS: |'m Roger Wllianms. [|'m Deputy
Center Director for Pharmaceutical Science in the Center
for Drug Eval uation and Research

DR. O CONNELL: |I'm Kathryn O Connell. |I'm
substituting for Jonathan WIkin who's the D vision
Director of Dermatol ogic and Dental Drug Products in the
Center for Drug Evaluation and Research. |'m a nedical
of ficer.

DR. STEWART: |I'mJim Stewart fromthe
University of Ceorgia and the Coll ege of Pharmacy. |

speci alize in pharmaceutical anal ysis.
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DR. MAYERSOHN. Good norning. M chael
Mayer sohn, the Coll ege of Pharmacy, the University of
Ari zona.

DR. GOLDBERG.  Arthur CGol dberg. [|'man
i ndependent consultant to the Pharmaceutical Devel opnent.

DR. BRAZEAU. (Good norning. |'m Gayle Brazeau.
I|"'mfromthe Departnent of Pharmaceutics at the Coll ege of
Phar macy, University of Florida.

DR. BRANCH: |'m Bob Branch fromthe Center for
C i nical Pharmacol ogy, the University of Pittsburgh.

DR. MGQU RE: Joe M@uire. [|'m Chairman of the
Der mat ol ogi ¢ Advi sory Comm ttee, FDA

DR. ZI MVERVAN:  Thank you.

Well, we'll start with an overview by Dr.
WIlians.

DR. WLLIAMS: GCkay. Thank you very nuch, Dr.
Zimmerman. |'d like to add ny note of welconme to both the

commttee, as well as a very nice attendance fromthe
audi ence who wll help us in next two days on di scussion
and consideration of a nunber of topics in the area of
phar maceutical science.

The topic of pharnaceutical science | would say
is a very interesting and chall enging set of topics for the

Center and for the agency and considers certain disciplines
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12
such as nedicinal chem stry, pharmaceutics or
bi ophar maceutics, m crobiol ogy, and clinical pharmacol ogy.

Now, to help ne keep things clear, | tend to
divide those topics into topics of what | call safety and
efficacy of the drug substance versus product quality which
relates to the quality of the drug substance in the drug
product. You'll hear ne allude to that distinction several
tinmes in the course of ny presentation, and you will also
see it explicitly stated in the course of the agenda.

Now, I will not review for the conmttee the
details of the agenda, but | will just point out that the
first topic, Biopharmaceutic C assification System | put
in the category of product quality, as well as the second
one, locally acting drug products, dermatol ogic drug
product s.

And then al so narrow therapeutic index drugs,
and | mght regard this as an inportant distinction, that
when we di scuss this topic before this coomttee, we are
generally focusing on it fromthe standpoint of product
quality and not fromthe standpoint of safety and efficacy
of the active noiety, and | will allude to that again when
| tal k.

Now then, if you |l ook at the final pages of the

agenda begi nning tonorrow, you will see a series of
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clinical pharmacol ogy topics which | put in the category of
safety and efficacy of the drug substance.

Now, with that very rapid overview of the
program | wll stop and not tal k anynore about the program
specifically, leaving it up to the commttee and the Chair
to nmove us through that.

| would like to turn now to our structure and
some of our processes in the Center very briefly. This is
the Center for Drug Evaluation and Research which is one of
t hree human product review centers of the agency, the other
being the Center for Biologics Evaluation and Research, and
the third being the Center for Devices and Radi ol ogic
Heal t h.

| would say many of the nost critical drugs
avail able in the Anmerican marketpl ace and cl asses of drugs,
new drugs, OTC, generics cone out of the Center for Drug
Eval uation and Research. |It's a large center with
approximately 1,700 staff, and as you can see, it has three
mai n bl ocks of organi zati on.

Over on the left, you see the Ofice of Review
Managenment, which is headed by Dr. Murray Lunpkin, and
whi ch focuses on the new drug approval process, and | m ght
say specifically the safety and efficacy of the active

noi ety working in the 15 O fice of Review Managenent
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14
di vi sions which function under the 5 offices of Drug
Eval uati on.

Supporting that group and al so supporting OPS
as well is the Ofice of Epidem ol ogy and Bionetri cs.

Now, in the center is a group of offices that |
won't touch on in the course of this conversation, but they
provi de very needed, inportant support to the Center's
m ssi on.

And finally, over on the right you see the
O fice of Pharmaceutical Science which conprises about 500
of the 1,700 FTEs in the Center. |In that office you wll
see the Ofice of Generic Drugs, the Ofice of dinical
Phar macol ogy and Bi opharnaceutics, the Ofice of New Drug
Chem stry, and the Ofice of Testing and Research.

In the next overhead, you will see a
magni fi cation enl argenment of the Ofice of Pharmaceuti cal
Science, and I will just touch briefly on its mssion. You
can see the mssion is color coded, and we're highly
sophisticated in ternms of our graphics in OPS. These
colors represent the colors of the application jackets.

So, when you think red, you should think of chem stry.

The chem sts, in the office in terns of their

function, appear in red, and you can see that there are

| arge collections of themin the Ofice of New Drug
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Chem stry, as well as the Ofice of Ceneric Drugs.

You will see a blue color for clinical
phar macol ogy, kind of a pink color for biopharmaceutics,
and there's also an O fice of Testing and Research which
focuses on pharmacol ogy and toxicol ogy research, as well as
several product quality issues.

Now, you m ght say that the Ofice of
Phar maceutical Science focuses on product quality, and you
woul d certainly be right in that regard. | would say for
the first time the Center has brought together under one
managenent roof all product quality aspects of what the
Center regul ates and that covers chem stry,
bi ophar maceutics, mcrobiology. But it also has sone ot her
very critically inportant functions to what the Center
does, and | certainly include in that pharmacol ogy and
t oxi col ogy and clinical pharmacol ogy as well.

Now, | will allude to this structure in the
course of the neeting. |It's a structure that has been in
pl ace for over two years now in the Center, and | would say
for the nost part it was created at the direction of our
Center Director, Dr. Janet Wodcock. There are many
aspects of this picture we could talk about, but | think in
the interest of time I'll nove on.

Now, here's another view, | mght say, of what
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| think the Ofice of Pharnmaceutical Science does in part,
and it relates to a paradigmthat we tal k about frequently
in the office which relates to research to policy to
review. | would say a very strong comm tnent on the part
of the Center and the Ofice of Pharmaceutical Science is
the concept that good, publicly available scientific
information is the basis for our public policy, and that's
what's represented by research there. Qur public policy is
represented primarily by gui dances now that we offer to
regul ated industry to help them get appropriate information
to us in the formof applications. And I'll be talking
about both the research and policy aspects of OPS in nore
detail.

Qoviously the nost critical part of what we do
in the Center and in OPS is the assessnent function, and
you'll see over on the right a series of disciplines that
contribute to the assessnent of a new drug application or a
generic drug application in the United States for products
regul ated by CDER

Now, there are nmany ot her aspects of this
picture as well that we could talk about and you can see
there are strong |inks between what OPS does to the Center
itself, as well as to the agency, as well as to regul ated

i ndustry, as well as to the professional societies and
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scientific disciplines that we work with extranurally, and
finally to other regul atory agencies and harnoni zati on
activities in the world.

Now, as you saw in the prior slide, one of the
ways the Center has established over the |ast several years
to devel op cross-cutting consistency in policy is via these
commttees that we call coordinating commttees. You can
see in nmy Center now that there are several of them and |
won't go into all of thembut the four that are col ored
relate to what | call the scientific disciplines connected
with our mssion. You can see that there's a Mudical
Policy Coordinating Conmttee, a Chem stry, Manufacturing,
and Controls Coordinating Commttee, a Bi opharnaceutics
Coordinating Commttee, and a Pharmacol ogy/ Toxi col ogy
Coordinating Commttee. | will focus on three of those,
excl udi ng the Pharmacol ogy and Toxi col ogy Coordi nati ng
Comm ttee.

But the advisory commttee should think about
each of these conmttees working intensively now on a
series of guidance docunents that are designed to help
regul ated industry conme in with high quality, readily
revi ewabl e applications.

| mght argue that this advisory commttee |'ve

| ooked to playing a strong role as we develop and finalize
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t hese policy guidances. So, you will hear ne allude to
them frequently in the course of ny presentation and they
wll also be alluded to in nmany of the subsequent
di scussi ons over the next two days.

Now, this is a quick glinpse at the
Bi ophar maceutics Coordinating Coonmttee, and you m ght
think of this particular overhead as indicating its work
plan. The commttee will certainly recognize that many of
t hese topi cs have been touched on before. Each one of
these little boxes and areas of focus should be thought of
as leading to a guidance, if it hasn't already happened. |
m ght point in certain cases, thanks to sone prior
del i berations before this commttee, we have already
created gui dances that are finalized and out being used
hopefully in a very productive, valuable way by industry to
devel op subm ssions for us. | mght point out IVD-IR In
Vitro Dissolution Inmediate Rel ease, and In Vitro
Di ssol ution Mdified Rel ease gui dances that are now final,
out on the Internet, and are based in part on a discussion
that occurred before this conmttee when it was known as
the Generic Drugs Advisory Comm ttee.

Now, bi opharnaceutics, as you know, in terns of
our regulatory function focuses on bioavailability,

bi oequi val ence, and dissolution. You can see that there
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are many topics in here of inportance in those areas and
sone wll be tal ked about today and tonmorrow. You wl|
hear Dr. Shah | ead a discussion on locally acting drug
products for topicals, and there will also be a discussion
on popul ation and i ndi vi dual bi oequi val ence.

This is the work plan for the Chem stry,
Manuf acturi ng, and Controls Coordinating Commttee. |'m
delighted to say that the nenbership of the advisory
commttee is chosen to have disciplines on its nmenbership
who can help us with our topics. For that reason, we have
chem stry represented here today. |'mdelighted to see our
new nmenber on the conmttee in that regard, and al though we
are not talking particularly about chem stry topics today,
| certainly envision that happening in sone of the
subsequent neeti ngs.

| mght point out to the commttee that this is
a very broad-based work plan. It covers both preapproval
gui dances, guidances that help in the generation of the IND
process and NDA and ANDA applications, and it also focuses
on the post-approval period, the period that we call the
PAC, in terns of generating information and supplenments to
approved applications.

Now, the commttee may see in this work plan

certain docunents that | call the Q docunents. Those Q
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docunents refer to guidance and policy docunents that are
bei ng harnoni zed in the International Conference on
Har noni zation. This is a very inportant effort in the
three regions of ICH nanely the United States, Japan, and
Europe, to cone to harnonized policies for application
subm ssi ons.

Again, | would regard assistance fromthe
advi sory commttee in this matter as very inportant to us
as this country considers its participation in ICH The
commttee may recall that in a prior neeting we did discuss
QLA and BA, the stability and inpurities docunent of |CH
and that was a very hel pful discussion as the agency cane
to its conclusion about its position in the harnonization
pr ocess.

Now, you notice |'ve talked so far about the
two coordinating commttees that focus on product quality,
Chem stry, Manufacturing, and Controls and
Bi opharmaceutics, and | don't want to negl ect m crobiol ogy
in that mxture. Mcrobiologists exist in the Ofice of
Phar maceuti cal Science. They have a very inportant m ssion
relative to sterility assurance of certain products, and
they are part of the Chem stry, Manufacturing, and Controls
Coordi nating Comm ttee.

Turning now to safety and efficacy, | wll say
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this is sonmewhat the work plan of the Medical Policy
Coordinating Commttee. You'll notice that we've created a
clinical pharnmacol ogy section of that conmttee that
focuses on topics pertinent to the discipline of clinical
phar macol ogy. | won't say anything nore about this work
pl an because you'll hear a great deal nore about it from
Dr. Lesko, who's head of the Ofice of dinica
Phar macol ogy and Bi opharnaceutics in OPS, during the
del i berations on those clinical pharmacol ogy topics in the
course of the next two days.

Now, leaving the world a little bit of science
and technical matters, which of course is where this
commttee focuses, | will say that there's a process now of
gui dance devel opnent in OPS and the Center and al so
gui dance inplenentation. | mght argue that this is
becom ng an increasingly inportant part of our business in
OPS and the Center, and that inportance was nmagnified I
woul d say by the recently enacted FDA noderni zation
| egislation. There's a terrific enphasis in that
| egi slation on the agency comunicating to industry via
gui dances on what is inportant and needed to know in an
application or suppl enent.

Now, OPS is trying to develop a very explicit,

val ue- added, useful approach to both gui dance devel opnent
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and gui dance inplenmentation. You've seen the guidance
devel opment process for the three coordinating commttees
where OPS has a primary role: CMC CC, BCC, and the
Clinical Pharnmacol ogy Section of MPCC.

There's al so a gui dance i npl enentation process
which is quite critical to the way we work and it involves,
| would say, participation both fromregulated industry, as
well as the review staff, which you see down at the bottom
wth those two |ateral arrows comng into the side, that
help us as we inplenent a finalized gui dance.

Now, the reality of a guidance is it's a |lot of
work to get it out and into the public eye, but it's
probably even nore work to work with it with regul ated
industry and the review staff. It takes a |ot of training,
a lot of questions, and finally it takes updating. | wll
show you | ater on a process of updating of these guidances
that I think will be critical to their success over a
mul ti-year period. Again, | would |look to this advisory
commttee as a way of helping us in the updating process.

Now, speaking specifically to that, this is a
paradi gm for how this m ght work. Over on the left, | have
chosen as an exanple the work plan of the Chem stry,

Manuf acturi ng, and Controls Coordinating Commttee. After

t hese create finalized guidances, which can be a very | ong,
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cunber sone process, the guidances cone to the review staff
and to regul ated industry to inplenent. There's a training
part of inplementation. There's a managenent part of
i npl ementation. There's a capturing of questions and
concerns about a guidance in the inplenentation process.

That in turn leads to an updating, and you can
see | have |l essons | earned about a guidance which | m ght
say are the | essons | earned about its use over a nulti-year
peri od.

Then down at the bottom you see cone strange
initials called CODI and PQRI. CDDI stands for the
Col | aboration on Drug Devel opnent | nprovenent, and PQRI
stands for the Product Quality Research Initiative. These
are a novel approach that OPS and the Center and others in
the agency are building to help the Center and regul ated
i ndustry build good information to support its public
policy.

Now, I'Il talk alittle bit nore about the
col |l aborations in just a second, but the concept here in
terms of updating is that new scientific information wll
be generated in these coll aborations and el sewhere that
w Il help us as we update these gui dances. Now, these are
not hypothetical collaborations. W are noving forward on

them hopefully wth due diligence and speed given resource
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constraints, but the ideais to work in a collaborative way
to generate publicly available information to support our
public policy.

Again, in the areas of focus for the Ofice of
Phar maceutical Science, | would ook to this advisory
committee to be a key link in this updating process so that
as new information is generated to change perhaps a
gui dance approach, it wll be discussed before the advisory
comm ttee and hopefully receive good public discussion and
input fromthe commttee.

Is that the last one? Okay. |'mdelighted.

| think you got a good picture of it. | mght
mention that you will hear in the course of the talk,
further discussions about both CDDI and PQRI, perhaps with
a focus on PQRI, and there will be a public neeting of PQRI
in February of 1998 where we tal k publicly, hopefully to a
broad range of stakehol ders and constituencies, about the
m ssions, goals, and objectives of PQRI. There wll be
further discussions perhaps later on in the year about
CDDI, and | |l ook forward to discussing both of those
prograns and projects with the advisory comnmttee.

Now, | think I've stayed roughly within ny tine
frame, Dr. Zimernman, and | apol ogi ze for going over a

little bit, but once again | et ne enphasize how delighted I
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amto have you all here and to help us as we struggle with
| think some very chall engi ng and exciting science and
techni cal issues.

Thank you.

DR. ZI MVERVMAN:  Thank you.

Vell, we'll nove to our first topic for the
nmorni ng and that is the Bi opharmaceutics C assification
System The noderator for this section will be Dr. A az
Hussain. He's going to speak to us in the beginning here
on the Bi opharmaceutics C assification System guidance
devel opnent, and he's going to tal k about general issues.

DR. HUSSAI N. Thank you, Dr. Zi nmrernman, nenbers
of the advisory commttee.

Lydi a Kaus could not be here today, so I'm
going to speak for her also, so |I've conbined her
presentation with m ne.

What | would like to present to you is our
t hought processes that we have on the devel opnment of this
gui dance of a Biopharm C assification System | have
provided to you all the slides that | have used. Over the
course of this presentation, I wll not be using all those
slides in ny presentation, but | think the sequence is
there. If you have questions on data or information on

sone of those slides, we can go back and di scuss those.
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| " m speaki ng here on behalf of the working
group, and | just want to acknow edge the contribution of
the core working group and nenbers and ot hers who have
contributed to this process.

When we started devel opi ng this guidance, we
kept in mnd two things. This is an exanple of a research
to policy to review process, and research is used here to
establish causal |inks, understand nmechani sns, and create a
framework for rational decision naking. The policy that we
are trying to develop has to use this research and identify
areas of agreenent between the links and our regulatory
deci si ons.

The hope here is to inprove the way we regul ate
and essentially inprove the effectiveness and efficiency of
the review process by allowing reviews to focus on nore
probl em areas, and where we have agreenent, we really would
not have to worry about it. In a sense, this becones a
tool for industry, as well as the agency, to inprove the
drug devel opnent process.

The process for BCS has been quite extensive,
and | just wanted to summari ze the research contribution
and the public debate that have occurred with this.

Research was started wth the University of

Maryl and, M chigan, and Uppsala quite sone tine ago,
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actually in 1991, along wth coll aboration with the Medi cal
Product Agency of Sweden. Public debates have been in the
form of the AAPS/ FDA wor kshop in 1991, advisory conmttee
presentation, Capsugel Synposiumin 1995 which led to
adoption of this Biopharm C assification Systemin the
SUPAC- | R Gui dance, and the research continued with
col | aboration with Uppsala and the Medical Product Agency
and within the FDA. W have presented sone of our findings
to you in 1996-1997. W're doing it again at this point.
Capsugel Synposium AAPS/ FDA wor kshop, and the Fourth
I nternational Drug Absorption in Scotland, and we al so had
an expert panel neeting.

Wien we initiated this process, the opinions
were quite diverse within the group and outside in the
community. To summarize, in a sense opinions ranged from
for highly soluble/highly perneable drugs, why do we even
need a dissolution, we should regulate these on the basis
of disintegration to, on the other hand, we really need
clinical testing for bioequival ence assessnent. And the
Bi opharm Cl assification Systemturns out to be actually a
tool to really address sonme of these issues.

At the risk of getting fired from FDA, |
thought I'Il just show this. What we are doing is still

under construction and pl ease pardon our dust. | think we
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have tried to do this policy devel opnent in public, and
sonme of our errors may be quite apparent.

The tasks assigned to the working group were to
do two things: one, reconmmend nethods to permt
classification according to dosage form di ssol uti on and
solubility and perneability characteristics of the drug,
and then further exam ned, we reconmmended a cl ass of
i mredi ate rel ease dosage forns for which we could nove to
an in vitro standard for bioequival ence.

In the background packet that | sent to you,
tried to enphasi ze the focus of biopharmclassification is
assessi ng bi oequi val ence and not bioavailability. | think
one of the issues that happens is issues cone up and people
start thinking of bioavailability when really the issue is
bi oequi val ence.

| also described to you the current situation
of biowaivers. In a sense, current regul ati ons use
di ssolution as the primary factor for bioequival ence, and
excipients are inportant and there's a nechanismto
consi der the inpact of excipients.

The rol e of dissolution before and after SUPAC.
In a sense SUPAC-IR all ows use of dissolution in absence of
atraditional in vitro/in vitro correlation, and the

Bi opharm Cl assification Systemreally explains on the basis
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of mechani sns when to expect and when not to expect
correlations. So, fromthat perspective, it is a very
useful tool which is based on solubility, perneability, and
di ssolution characteristics for identifying when to expect
| VIVC and to recommend when bi oequi val ence may be assessed
on the basis of in vitro.

| just wanted to define high solubility and get
it out of the way and nove on to di ssolution and
pernmeability. A drug is classified as high solubility when
the volune of water or buffer required to dissolve the
hi ghest strength is less than or equal to 250 m .

The recommendati on com ng out of the working
group at this point is you would really like to see a
conplete pHsolubility profile for a pHrange of 1 to 8
preferably at 37 degrees Centigrade and al so that sol ution
stability under different pH conditions would need to be
docunented, using a validated HPLC or other anal ytical
t echni que.

The perneability definition in SUPAC- IR started
out stating perneability is defined as the effective human
jejunal wall perneability of a drug, but in a sense the
rest of the definition is based on the outconme. High
pernmeability drugs are generally those with an extent of

absorption greater than 90 percent in the absence of or
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when they're not unstable in the G tract. And that's the
key feature. The Biopharm C assification System excl udes
drugs which are generally considered unstable in the G
tract.

The definition will be nodified sonewhat, and
two aspects that probably would be introduced in the
definitionis -- and this is based on our expert panel
meeting -- high perneability drugs are generally those
whi ch can be classified or considered to be rapidly and
conpletely absorbed. The definition on the basis of
outcone really does not address how rapidly a drug gets
absor bed.

The ot her reconmendati on was that 90 percent
may be too strict a criteria. |If you are 95 percent
confident that extent of absorption is greater than 80
percent, that may be sufficient.

Defining perneability and the rule of
pernmeability in a sense is based on the relationship --
this slide is not in your handout, but I'll provide you a
copy of this -- is this relationship. Effective human
jejunal perneability is related to fraction of dose
absorbed. In the Biopharm C assification System and
especially in SUPAC-I R, the dissolution requirenents are

based on the fact that the slope of this curve is quite
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steep. You reach a point when you are about 80 percent and
it's aflat line. |It's alnost |like a threshold | ogic
function, yes or no, either the drug is high perneable or
| ow per neabl e.

Perneability and concentration at the
absorption surface are the key paraneters that determ ne
the rate of absorption. So, if we are uncertain with
di ssolution and the concentration at the intestinal
menbrane surface is not really being nmaintained, you're
likely to see major failures for a |l ow perneability drug
and not for a high perneability drug. That's the reason
why perneability is in this classification system

| think soon we would cone up with an approach
of defining perneability on the basis of the jejunal
perneability value itself, and it appears to be an
effective perneability of greater than 2 m ght be what
woul d be consi dered as high perneability.

So, the task at hand right nowis to, in sone
ways, think of the process as going beyond SUPAC. [|f you
recall, in SUPAC-IR we have cl assified drugs as highly
sol ubl e, highly perneable, and so forth, and we have
identified the critical processes. For rapidly dissolving
drugs, highly soluble and highly perneable drugs, | think

there i s good assurance that gastric enptying is the rate
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l[imting factor, and a single point dissolution conparison
and .1 normal HCO was sufficient for |evel 2 changes.
These are very narrow y defined changes.

The working group selected this group for
further exam nation and said, can we go beyond SUPAC-IR and
al l ow any maj or change to occur in these formulations and
still be certain whether we are going to be bioequival ent?
The answer is yes. The working group has reached the
concl usi on highly sol ubl e/ highly perneabl e drugs shoul d be
regul ated on the basis of in vitro dissolution.

There are mnor differences of opinion here,
and I'l|l explain. The differences of opinion sinply cone
fromthe fact should one point be sufficient or should we
| ook at the full profile, and that's about it.

Al so, the differences of opinion we have
internally or outside, should we even extend it to high
solubility/low pernmeability drugs? Because in a sense
rapid dissolution -- if a drug is highly soluble, gastric
enptying is going to be rate controlling even if
pernmeability is low So, | think this appears to be
conservative, and it's possible to proceed on to the other
classes. But | think at this point our decisionis to go
step-wi se and just recomend one class for which in vitro

woul d be accept abl e.
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Just to sunmarize why this class has a very | ow
potential for bioequival ence problens, absorption is
generally rapid and conpl ete when given as a rapidly
di ssol ving product or a solution.

Gastric enptying is the primary factor which
controls rate of absorption.

High solubility plus high perneability
essentially ensures extent of absorption. These drugs are
good candi dates for controlled rel ease and you can actual ly
sl ow down the release to 100 percent release in 12 to 16
hours and yet you can see 100 percent absorption.

And di ssolution tests are used sinply to
protect Cmax.

In practice, how do we think BCS will be
applied in drug devel opnent? The colors didn't conme out
right, but in a sense we hope that the classification could
be initiated in preclinical drug devel opnent. Essentially
when during clinical trials you have confirnmed what your
maxi mum strength is and you al so have sone PK data on the
drug, you can confirmwhat your class nenbership is.

| f you have designed your product to neet
certain specifications with respect to dissolution and
t hose specifications are applicable throughout the

stability profile or shelf-life experinentation, you can
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use BCS to wai ve bi oequival ence requirenents when you go
froma clinical trial -- to-be-marketed product -- when
there are changes in process, site, and so forth. Again,
you could use it for major changes at |level 3 after
approval and for generic approval of products. Essentially
t he expert panel agreed that we have to stick to science
and the science should be applied equally on both sides.

The types of changes that really occur for what
you woul d consider as |level 3 changes in SUPAC- IR woul d be
anything that is beyond current level 2. An exanple is a
change greater than plus or mnus .5 percent in My-stearate
woul d be considered level 3 at this point. Any qualitative
change in conposition -- you're substituting one excipient
to the other excipient -- is a major change. Change in
type of manufacturing process, going fromwet to dry, is a
maj or change.

Al so, sonme changes which are not considered
under SUPAC are changes in drug particle size, capsule to
tablet, but these are rel evant changes that occur in the
drug devel opnent process and we have to apply BCS to even
t hese changes.

So, | ooking at the magnitude of changes,
think we agreed that this really is a big step forward and

we have to be conservative and stick to the npst safest
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cl ass of drugs, that is, highly sol uble/highly perneable
drugs whi ch di ssol ve rapidly.

In a sense the hypothesis could be stated
differently. W really are saying i medi ate rel ease drug
products of highly soluble and highly perneabl e class of
drugs manufactured in accordance with cGW's to neet
optimal predefined specification for rapid dissolution are
likely to be bioequivalent, and therefore bioavailable is
al | owed.

The underlyi ng understanding here is we have
accept abl e standard operating procedures, in-process
controls, other specifications, stability, and al
processes are validated. The manufacturing techniques,
processes are fully validated.

The hypothesis we started with was to use the
SUPAC-I R case A dissolution as a boundary for our rapid
di ssolution class. That is, dissolution of not |ess than
85 percent in 15 mnutes in 900 mM or |less of water, or .1
normal HO, at 37 degrees when tested in the USP 1 and 2 at
the usual rates of 100 and 50 rpmrespectively.

The 15 mnutes sinply came fromthe in vivo
gastric enptying tine it takes to enpty 50 percent of 200
to 250 m of water under fasting conditions. So, this was

a hypot hesi s.
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Qur eval uation procedure was based on
FDA/ Uni versity of Maryland research data where we | ooked at
two drugs, netoprolol and propranol ol, which belong to the
hi gh sol ubility/high pernmeability class, but we al so | ooked
at other classes of drugs, ranitidine and naproxen,
piroxicam and so forth. 1In a sense that database confirns
that dissolution is a very sensitive neasure of differences
in products, and in fact it's probably too sensitive and we
have to allow major differences in dissolution to occur.

We al so conpleted a survey of the literature.
W | ooked at in-house data, and we al so perfornmed sone
simul ation studies to support what we were getting at.

In a sense froma historical perspective, we
have built the Bi opharm C assification Systemon two
foundati ons. One was our prior history of approving drugs
on the basis of dissolution which was 21 CFR 320. 33 whi ch
essentially had a classification systemwhich is based on
clinical, physicochem cal, and pharnmacokinetics -- | talked
to you about this in ny first presentation to you -- and
t hen based on the USP experience which really indicates
that dissolution is quite sensitive. But we feel that we
really needed to tighten sonme requirenents to naintain the
current standards of bioequival ence, and that's where BCS

conmes in. W have | ooked at exceptions and failures in
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this cl ass.

The snapshot data you have already seen but in
a different form Here is the nodel drug we chose at the
Uni versity of Maryland and the dissolution profile of the
reference conpound, but tested at different |aboratories,
at generic |laboratories and at the University of Maryl and.
So, in a sense the data | ooks quite tight, and this would
meet our requirenents of high solubility/high perneability
and rapid dissolution.

But if you |look at the nmultisource and the
research formul ati ons that we prepared to challenge this,
we found that dissolution could be much sl ower and yet
t hese products woul d be bi oequivalent. The slowest product
that was prepared at the University of Mryl and was
designed to fail the current requirenent and it does.

This slow formul ati on happens to be
bi oequi val ent to the reference, but there is a significant
trend of lower Crax and so forth. So, we knowthis is
al ready gastric enptying. You've gone beyond gastric
enptying and di ssolution has a significant influence there.

So, the current situation would | ook like this.
This is the USP requi renent of product rel ease
specification. That's where biopharmclassification, 85

percent in 15 m nutes, would cone.
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And the relationship that we expect between
bi oequi val ence and dissolution here is the ratio of percent
drug dissolved, test versus reference, at tine, 10 m nutes.
The only reason for selecting 10 m nutes was because
sanpl es were not collected at 15 mnutes in many places and
the results would not be really different.

And here AUC and Crax test ratios. |In a sense
that's the slowest formulation, and these all fall under
the current goal posts. W included dissolution for
conparison there. So, you essentially have an anchor on
your right-hand side, dissolution, and so you cannot go
beyond di ssolution generally. So, this would be a safe
range to work under.

The sinmulation study also confirned this.

Lydia is the key individual who did the sinulation, but
Bill Gllespie, nyself, and Gordon Am don contributed to
sone extent. Wiat it also says is if you look at -- I'm
just going to look at the bottomhalf here -- if gastric
enptying is rapid, say 6 mnutes, in vivo dissolution can
t ake about 1 hour or nore for 85 percent to dissolve in
vivo and yet you won't see mmjor differences between a
tablet and a solution. But if you go beyond that, you
started to see a difference. The boundary was 80 percent

di f ference between a solution versus tablet.
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The ot her experinments we are doing with the
sinmulation is changing the intestinal transit tinme. High
pernmeability drugs are | ess prone to probl ens when
excipients affect intestinal transit tinme |like sorbitol or
manni t ol .

The need for early sanpling was quite evident
froma nunber of exanples that we had internally, as well
as the research at the University of Tennessee which said
that 85 percent or |ooking at dissolution beyond 30 m nutes
was really not sensitive enough in many cases. Here is one
exanpl e of propantheline brom de which was a AA drug
approved on the basis of dissolution, neets the USP
specification of 75 percent in 45 mnutes, but yet we have
data suggesting that these are bioinequival ent products.

The bl ood | evel profile that | have provided is
only truncated. It's only the early tinme points.

We al so kept on looking for failures in the
literature, in-house, and so forth. W essentially felt
that we could categorize dissolution failures as
I nappropriate specification, inappropriate test conditions,
or the product is highly variable.

The literature exanples really didn't give us
enough conplete information to really do nechanistic

analysis and so forth. For exanple, propoxyphene
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hydrochl ori de has been reported as a rapidly dissolving
product. The test product dissolves 96 percent in 10
m nutes as conpared to reference of 89 percent in 10
m nutes, was not bioequival ent, but 21 subjects studi ed.

But we don't have any other information beyond that. So,
it is difficult to explain that.

But if you |l ook at -- we took propoxyphene and
did a pH solubility profile, it's highly soluble at pH 1 to
4, and actually this is an underestimate. W just couldn't
measure the solubility. It was so high. But as pH
changes, solubility drops off quite rapidly. At 8.17,
whi ch happens to be the |l ast point, solubility would be 0.1
mlligramper m. Wth the current boundary definition for
high solubility, that will require 650 m of water to
di ssol ve and that pH woul d be | ow sol ubl e.

But | just want to point out, if you just nove
on to here -- this is not a log scale -- the solubility is
1 mlligramper m. It could fall under high solubility.
That was a bit of a concern that we had.

We al so surveyed in-house data. W focused on
one class of drugs, CNS drugs, and selected for the | ast
three years all drugs that dissolve rapidly between, say,
30 mnutes, 80 percent in 30 mnutes, and | ooked at what

sort of information we are getting fromthis, and tried to
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classify these drugs, found one which probably would be the
borderline low solubility, and | ooked at rel ative
bi oavail ability, food effects, netabolism and the relative
i sozynmes that have been involved, and in a sense found that
80 percent in 30 mnutes really gives you a good i ndicator
of rapid dissolution. The solution and tablets are not
very different.

Food effect was sinply sort of a confort
situation because if food effect is not that dramatic, how
can excipients, which are generally GRAS, have an effect
too? That was sinply a confort zone we had.

We al so | ooked at biofailures, what changes
were made, and anal yzed sone of these biofailures and found
that in one case, going fromwet granulation to direct
conpression, changing particle size, really resulted in a
wor se rel ati onshi p between dissol ution and bi oequi val ence
only with respect to Crax. W did not see any failure with
respect to AUC in all these studies that we have done.

Crmax failures are few but are generally expl ainable on the
basis of dissolution except for one case where we had an
i nverse relationship.

These are three failures fromthat survey.

This is the boundary drugs which probably could fall under

hi gh solubility, and the dose strength used was snall.
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Again, there was an inverse relationship. Just to give you
an exanple, a larger particle size to-be-marketed product
was directly conpressed, dissolved rapidly. The clinical
trial material was a smaller particle size but did not
disintegrate. Disintegration differences overshadowed
di ssolution differences in vivo.

Here i s one exanpl e where we have a high
solubility/high perneability drug which neets the current
specification. There were a total of 11 bi oequival ence
studies done for this drug. One failed in terns of Cnax,
just the confidence interval, in a nultiple dose setting in
patients. Actually that study was repeated and found to be
bi oequi val ent .

So, you can see the inpact BCS coul d have.

El even bi oequi val ence studi es woul d have been elimnated in
this case.

Just one exanple. There was one case reported
for a pro-drug. This probably would not fit in the BCS
It's a pro-drug which required a 5-m nute dissolution
specification. The change was going from capsule to
tablet. Again, a very sensitive drug to pH It was
classified as low solubility definitely because of the high
dose, but you can see how bi oequivalence is related to

dissolution in this case. You had definite failure of
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bi oequi val ence with respect to AUC and Cnmax when
di ssolution was very poor for the tablet, 10 percent in 5
m nutes and 47 percent in 15 mnutes. But early
di ssolution or rapid dissolution or gastric dissolution was
critical for this pro-drug for it to maintain Cnhax.

So, just the summary on dissol ution.
Di ssolution in vitro of 85 percent in 15 m nutes may be too
conservative, but | think we haven't made any deci sion on
that yet. And sone concern regarding high solubility drugs
whi ch woul d be the borderline drugs which show rapid
decline in pHwth respect -- solubility with respect to
pH

Essentially the requirenent proposed by sone
menbers of the group is let's ook at two or three pH
conditions in this case before we -- these are nenbers of
this class, and we're not concerned with biofailure but
just want to | ook at sonme nore data for such drugs.

Let me just give you a brief summary of
clinical methods for perneability before | nove on to
exci pi ent effects.

What we feel is the gold standard for
pernmeability would be the clinical nethods, whether direct
or indirect, where you establish perneability class based

on PK data or jejunal perfusion techniques also, but



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

24

44
preclinical methods woul d be acceptable as long as they are
done properly and vali dated.

The selection criteria or issues for
di scussion, there would be -- any nethod that does not
directly estimate the extent of absorption in humans woul d
need to be justified and ability to predict extent of drug
absorption in humans denonstrat ed.

| npact of absorption nmechani sm and pre-systemc
nmet abol i sm need to be considered. And Donna will talk to
you about CACO 2, using that as an exanple of how we need
to address this.

Let me just go on to excipients now W
realize excipients play a significant role in
bi oavailability. Excipient-drug interactions that are
detectable in vitro are chem cal and physical interactions.
However, excipients can have a profound effect on G
physi ol ogy. They can change the G notility or even change
the perneability of the nmenbrane. They can interfere with
nmetabolism And we need to have sone assessnent of what
i npact commonly used excipients have that are used in
tabl ets and capsul es.

Exanpl es of possi bl e nechanisns reported in the
l[iterature. Sodi um pyrophosphate is a cathartic |axative,

had a significant effect on ranitidine and bioavailability.
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It reduced it by half and essentially this study al so
measured small intestinal transit tinme. Reduction in snal
intestinal transit tinme |eads to reduced bioavailability
for low perneability drugs like ranitidine, cinetidine,
manni tol, sorbitol

For theophylline, for exanple, | have included
a study here. This is an old study fromDr. R egelman's
group -- and Dr. Shah is a co-author on this -- where they
adm ni stered a 300 and 500 m | ligram dose of a sorbitol
solution of theophylline. The anpbunt of sorbitol that is
used in this is about from22 grans for the 300 mlligram
dose to 500 mlligrans, about 50 grams or so. So, the
anount of sorbitol adm nistered is hunongous and they see
slight differences in Cmax and Tmax. So, theophylli ne,
being a high perneability drug, would be protected. It is
not sensitive to such changes like a | ow perneability drug
like ranitidine would be.

Myristic acid can change gastric enptying tine.

Pol ysor bat e 80, crenophor, and ot her
surfactants are inhibitors of Pgp. Again, these have been
denonstrated in vitro and in vivo -- after IV
admnistration and in vitro in the cultures, CACO 2
cul tures.

O eic acid-bile salts can change the absorption
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mechani sm of propranol ol .

And these are all fine but these are not the
exci pients which are wdely used, except for maybe
pol ysor bat e 80.

We have gone through and did a survey of
exci pients that are coomonly used in tablets. Wat we find
is about 50 excipients are the ones which keep being
repeated again and again, and these are the nost w dely
used excipients. Magnesium stearate is nunber one. |t has
been used in about 2,240 subm ssions.

As you see here, what | would like to point out
is concerns would conme fromsurfactants. Polysorbate 80 is
a Pgp substrate or it inhibits Pgp and potentially can
change netabolismand a few others. But the rest, |actose
and so forth, are really not considered problematic.

We are | ooking at data sets conparing different
products on the market. Again, this information is
publicly available. W' ve conpiled this list fromthe
Physi ci an Desk Reference and ot her sources which are
publicly avail abl e.

Here if you | ook at verapam | products --
verapam |, by the way, is a highly perneable drug. W have
measured that. So, if you have a surfactant |ike

pol ysorbate 80 which inhibits Pgp, you wll not likely see
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an increase in absorption because these are all highly
per meabl e drugs. That probably would be nore of a concern
for I ow perneability drugs, if they can increase the
absorption of those drugs.

But it has been used in sonme products and not
inall. The quantity of polysorbate used in tablets is
generally 4 to 15 mlligrans. Wat is it used for? It is
used for a wetting agent and it is used as a plasticizer
for filmcoating. W believe such anobunts are really not
probl ematic, and we have nechanisns in place to eval uate
such excipient effects.

Here' s anot her exanpl e of potential inpact of
exci pients, propranolol. This is our University of
Maryl and fornul ation, the slow rel ease one. All fall under
our bioequival ence, except we had three studies in house
whi ch | ooked at liquid formulations. Two fornulations of
[iquid preparations were bioequal to the tablet, but one
pediatric formulation failed. It had higher Chrax and AUC.
VWhat | believe at least, this is due to sone other effects
on netabolism 1In a sense it may be possible that you're
i nduci ng sonme physi ol ogi cal changes with flavors and sugars
and so forth that you nmay use in fed state -- in a non-fed
situation with sonme oral preparations.

So, the summary on inactive ingredients is
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this. Conventional solid oral products are not intended to
alter A notility and nmetabolism |If you include an
exci pient which is designed to do that, obviously we have
to regulate it that way.

Di sintegration, distribution, and dilution
effects that are seen in the G tract reduce the |ikelihood
of excipient interactions.

Exci pients in conventional solid oral products
are actually likely to be nore inert conpared to current
[iquid products such as elixirs and syrups.

New exci pi ents and/ or unusually |arge
quantities in products would have to be definitely
eval uated. So, we would build that in.

So, the final analysis is in applying BCS for
gi ving bi owai vers, we would need rapid dissolution, high,
solubility, high perneability. Owher studies that are
supportive -- this is not done in isolation in drug
devel opnent. You have dose proportionality and absol ute or
relative bioavailability studies that will support this.

The use of the dose proportionality study cones
fromthe fact that high perneability determ nations may not
be done at the highest dose. If that's not, then you need
torely on this to confirmhigh perneability.

Then finally, the therapeutic index or other
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t herapeutic concerns would cone in. W have not worked on
this but we are recommending that it be applied to w de
t herapeutic index drugs. This is a separate group defining
what narrow and wide is, so we are waiting for themto give
us that definition.

So, this would be the sequence.

During all these neetings that we have
present ed outside, we have received several comments, and
the major criticismthat we have received is perneability.
There's high variability. Fick's Law may not really apply.
But | feel that those issues are not directly inpacting on
the way we have approached the gui dance, and we addressed
sone of these at an expert panel. The nenbership is shown
her e.

| think I'l'l stop here and address ot her
guestions that you have |l ater on.

DR ZI MVERMAN: W& will now hear from Dr. Donna
Vol pe who will talk to use about perneability determ nation
in vitro.

DR. VOLPE: Good norning, everyone. Thank you
for inviting us out here to give a talk on sonme of our
research data that is supporting a section of the
Bi ophar maceutics C assification System 1'Il be talking

about an introduction to the systemand howit relates to
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t he gui dance, and then Dr. Pat Faustino wll be discussing
sonme of our nost recent data of a project that we just
undert ook approxi mately two nont hs ago.
First 1'd like to describe briefly the cel
culture nmethod with the CACO-2 cell line. The CACO 2's
provide us with an in vitro nmethod to eval uate bl ood

pernmeability after oral adm nistration.

Now, the CACO-2 cell line -- | don't know if
many are famliar with it -- is a human col on
adenocarci noma cell line that undergoes a spontaneous

structural and functional differentiation to an enterocytic
like cell. It is the only colon cell line or intestinal
cell line that does this for humans.

The CACO 2 cells form confluent nonol ayers on
filter menbranes with an enterocytic norphol ogy that are
typical of villus cells, and these cells have very tight
junctions, have brush border enzynes, and have a nunber of
active transporter systens.

There is a literature base that shows that the
CACO 2 perneability values correlate well with the extent
of absorption for humans, especially for the passively
absor bed drugs.

Now, just an idea of what the CACO 2 cell

culture systemlooks like. In a normal -- sonething like a
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6-well plate, a 24-well plate, or even a 96-well plate in
sone cases -- the CACO 2 cells are suspended in sort of a
cup-li ke apparatus that has the filter nenbrane on the
bottom The CACO-2 cells, as they're growing, wll forma
basol ateral to apical type of a system where we have an
api cal chanber up here and a basol ateral chanber here, and
they forma nice nonolayer on the filter nmenbrane.

The studi es can be conducted where you add a
drug to the apical chanber, and over tinme you would sanpl e
drug that appears in the basol ateral chanber and you can
| ook at drug perneability in this direction, apical to
basol at er al

Al ternatively you can add drug to the
basol ateral chanber and see if drug flows in the opposite
di rection.

Just an idea of sonme of the in vitro/in vivo
correlations that have been presented in the literature.
Artursson and Karl sson provided us with a good correl ation
bet ween oral absorption in humans and the results in the
CACO 2 cell nodel of approximately 20 drugs. They conpared
it to bioavailability. |If the bioavailability was 100
percent, they had a Peff value of greater than 1 tines 10
to the mnus 6th centineters per second. However, if the

bi oavailability was | ess than 100 percent, down to 1
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percent, the bioavailability values ranged from.1l to 1
times 10 to the 6th centinmeters per second. Then if the
bi oavailability was | ess than 1, the Peff val ues were nuch
less than 1 tinmes 10 to the 7th centineters per second.

In a nore recent publication by Yee of 34
drugs, they classified things again with the
bi oavailability and again saw a relationship of -- a
bi oavail ability of approximately 70 to 100 percent, they
woul d see an in vitro Peff value of greater than 10 tines
10 to the mnus 6th centinmeters per second. And then the
next category they had were 20 to 70 percent and the Peff
values were 1 to 10. Then if bioavailability was O to 20
percent, the Peff value was nmuch less than 1

Keep these values in mnd for the drugs that we
have tested, three drugs of ranitidine, naproxen, and
metoprolol. Their bioavailabilities and our subsequent in
vitro Peff values fall very well within these Yee val ues
that are reported.

In a publication by Hans Lennernas, he found
that the CACO- 2 cells were very good in predicting passive
drug transport in humans. However, the prediction of
carrier-nedi ated transport may require a scaling factor due
to |l ow expression of the carrier nmechanisns in the CACO 2

cell 1ine.
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In the working group, we have di scussed one
application of the CACO 2 cell line and it's using an
internal standard for doing our perneability studies and
for determning high and | ow perneability drugs. We'd like
to classify these test conpounds based on the conparison to
a high and/or | ow perneable internal standard or standards.

The selection of the internal standard woul d be
based on its well-known perneability values. W wanted to
know how it will react in the humans and how it reacts in
the CACO-2 cell system W wanted to have a known
absorption nechanism preferably a passive absorption
mechani sm The test conpound nust be physically and
chemcally conpatible with the internal standard. W
cannot have things as conplex formation, and we would |ike
to know if they have a netabolic or an efflux protein
conpatibility.

The working group has conme up with at | east
four potential standards that can be di scussed or used in
the system of naproxen, atenolol, netoprolol, ranitidine.

The internal standard will be built into the
test system and it will be able to denpbnstrate that the
menbrane has integrity and stability of the systemwthin
the | aboratory over tinme so that the internal standard

serves two purpose.
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As A az had al luded to, we had an expert panel
meeting earlier this year, and we discussed the CACO 2 cell
line and we got sone feedback fromthis expert panel
nmeeting and what can we build into our guidance. They were
very nmuch in favor of a standard nethodol ogy in the
gui dance docunent but not a very detail ed experinental
procedure where you have to use a certain nedia, a certain
serum concentration, et cetera.

They are very nmuch in favor of the inclusion of
an internal standard in the pernmeability studies, and what
they'd like to see the guidance to showis a definition of
the high and | ow perneability drugs within the culture
system The gui dance shoul d al so have acceptance criteria
for data subm ssion

The CACO 2 cell studies should only be
submtted in conjunction with other in vivo or in vitro
perneability studies. The CACO 2 cell systemw Il not be a
standal one test to determ ne perneability.

The exclusion that they would like to see is
that the CACO 2 systemis only used for passively absorbed
drugs due to conplications of active transporters and
ef fl ux mechani sms which occur in the CACO 2 cell |ine but
not always at the sanme |evel of expression as you woul d see

in the intestine.



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

24

55

Now Dr. Faustino will discuss sone of our
current studies that are undergoing in our |aboratories.

DR. FAUSTING Good norning. |'m Pat Faustino
fromthe Division of Product Quality Research in the Ofice
of Pharmaceutical Science, and 1'd like to discuss the OIR
CACO 2 perneability study that's currently going on in FDA
intranural | aboratories.

First is the use of an internal standard with
test conmpounds. One of the concerns for us is conplex
formati on between conpounds, high perneability/l ow
perneabi lity conmpounds, and the internal standard,
pernmeability of test conmpounds with or wi thout the internal
standard, chem cal paraneters, binding drugs to plate,
filter, nedia conponents, nonolayer integrity of the
system And that would be done by TEER neasurenents or
resi stant neasurenents, Lucifer yellow, which is a
pericellular marker, effect of stirring on drug
perneability, collagen-coated versus uncoated menbrane
filters since there's a whole series of different types of
menbr anes out there, polycarbonate, nitrocellul ose, teflon,
and perneability of P-glycoprotein substrates.

This is an exanple of sone initial data. As
Donna said, we |ooked at three different drugs:

ranitidine, a |low perneability drug; naproxen, a high
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perneability drug; nmetoprolol, a drug that is classified as
hi gh perneability but is at the boundary. These are sone
of our initial studies.

These concentration bracket the literature. W
did 10 mcronolar, 25 mcronolar, and 250 m cronol ar
ranitidine, and the sane for naproxen. W did these
sanplings at 15 m nutes through 240 m nutes. You can see
there's very quick correlation. This is function of three
trans wells versus tinme, and you can see the percentage of
absorbed or the effective perneability is 1 percent, 1
percent, and 1 percent over the concentration ranges. W
see the sane thing for naproxen. W have very good
correlation as a function of tine.

The in vitro pernmeability values are cal cul ated
as a function of this equation: the volune of the receiver
divided by the area of the nenbrane tines the initial
concentration tinmes the slope of the change in the
concentration as a function of tine.

The perneabilities that we got for naproxen
were 3.1 tinmes 10 to the mnus 4th centineters per second;
metoprolol, 0.38; and ranitidine, 0.64. Naproxen in in
vivo -- we have very good correlation -- is 8 tines 10 to
the m nus 4th.

This is the ratio of the perneability val ues as
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a function of the internal standard. You can see that we
get very good correlation at all three concentrations of
the perneability value of the drug divided by the
pernmeability value of the internal standard for ranitidine.
We also get it for naproxen, and there is reasonably good
correlation between the in vivo values and our in vitro
val ues.

Qur conclusions fromour pilot or initial study
are the internal standard can be used when evaluating in
vitro drug perneability.

Pernmeability data shows in vitro/in vivo
correlation to human dat a.

The ratio of the perneability values for the
drug versus the internal standard normalizes the data and
should help to bring together better inter-I|aboratory
variation that's currently existing in the in vitro
l[iterature

Future studies that will be ongoing in the
intranural |aboratories are the effect of stirring on the
wat er boundary | ayers, effect of the efflux punp on
pernmeability with P-glycoprotein substrates, effect of
direction of drug perneability, and the eval uation
potential for netabolic effects in the CACO 2 cell Iine.

Thank you.
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DR, ZI MVERVMAN:  Thank you.

Now it's tinme for the conmttee discussion of
t hese i ssues, and we've been asked to direct our questions
to the panel here: Dr. Amdon, Dr. Hussain, and Dr. Vol pe.
Are there any questions? Dr. Mayersohn?

DR. MAYERSOHN: Aj az, thank you very nuch for a
ni ce presentation.

|'"'mgoing to ask a question | asked of Gordon
actually at a dissolution and bioavailability nmeeting of
the USP, but | just wanted to get it on the record and see
i f, Gordon, you've thought anynore about this, and that is
t he question about neasurenent of intrinsic dissolution
rate, especially in early preclinical studies before any
dosage form has devel oped. Have you given any nore thought
to that?

DR AMDON: The intrinsic dissolution rate |
think is sonmething that could be characterized and

calculated just from CMC type data. W did debate and |

think we're still debating whether that should be required
as part of the guidance -- that is, what would be the
expected dissolution rate of the drug -- and then have that

as kind of your reference relative to your fornulation
di ssolution rate.

| think we're still currently at the decision
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that that m ght be nice to know, but it's not a
requi renent, not a need-to-know thing. | think we're still
in that region. Mybe Ajaz can elaborate onit. But it's
sonething that I would want to do as part of devel opnent,
sonmething I want to know how nmy fornulation is doing
relative to what the drug properties would predict it
shoul d be doing, but | don't think we want to require it.

DR. MAYERSCHN: M thinking, Gordon, was it
clearly can't obviate the need for a dosage form
di ssolution. You still have to do that. But | thought it
m ght give you an indication real early on whether you're
headed for trouble and early on how you would cl assify the
conmpound i nto which of the categories.
DR AMDON: Yes. It could be sinply

cal cul ated, estimated very easily. [It's sonething that
shoul d be done. VWhether it's required as part of a
subm ssion to request a waiver fromin vivo bi oequival ence
trials, | would certainly put it in. It should be part of
your CMC data analysis as to how this conmpound w ||
perform | personally would |like to see it in because |
think it's sonmething that's easy. |It's a characteristic of
the drug that's a very inportant pharmaceutical property,
but 1'mnot sure we could require it.

DR. MAYERSOHN: Thank you.
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DR ZIMVERMAN: |'d just like to point out that
our commttee has now been joined by Dr. Steven Byrn from
Purdue University who I think is just about the ask a
guesti on.

DR. BYRN: Yes. | just wanted to go on on the
intrinsic dissolution. W found that it's difficult in
sone cases to do accurate reproducible intrinsic
di ssol ution studies, and we al nost always conbine intrinsic
di ssolution studies with direct powder dissolution studies
whi ch, of course, are nore difficult because you' re dealing
with particle size then. So, it nmay not be easy to
determne intrinsic dissolution of all drug substances just
because of the technical problens of pressing theminto
pellets and so on.

DR ZI MVERVAN:  Dr. Brazeau?

DR. BRAZEAU. | have one question for Dr.
Hussain. Wth respect to your exanple of |evel 3 changes,
| " m wondering, your first bullet was there that you'd have
a greater than 0.5 percent change for nmagnesi um st ear at e.
"' mwondering if you need to maybe expand that and | ook at
sone of the effects of sone of the binders and adhesives
whi ch coul d have an effect in this.

DR. HUSSAIN. That was just an exanple.

There's a whole list of excipients. That exanple canme out
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of SUPAC-IR  That's the current guidance that is out
there, and that's only one definition. So, it lists other
exanpl es.

But for applying this in the level 3, we felt
that the system needs to be robust enough that we shoul dn't
be concerned on defining what the change is, |eave the
change up to in this. As long as you make your product
what ever way you can, validate the procedures, and if you
nmeet the dissolution requirenent, that's sufficient. That
was the approach we tried to take on this and not go back

and define what are the changes or |evels of changes.

DR. BRAZEAU. | have two questions for Dr.
Vol pe. | think an area that you' re going to have to be
very consci ous about using CACO- 2 cell lines is the passage
nunber. | think sone of the recent literature suggests

that there can be real |arge changes in the TEER val ues.

So, | think you're going to have to be specific and specify
where you're going to be with the passage cell |ine.

think there's some literature that cane out from Pat
Sinko's lab in Pharmaceutical Research a while back that
really showed dramatic changes in the TEER val ue as a
function of how many passages you' ve done of that cel

l'ine.

A second issue | think you need to raise is |
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think a two-point standard will always be better than a
one-poi nt standard, one that docunments both a high and a
| ow val ue, because the change |I'm seeing you' re saying is
only a power of 10. So, in order to nake sure that the
systemis running snoothly, you're going to have to be able
to provide and show that that range is approximately the
sanme val ue

So, those would be ny concerns with sone of the
CACO- 2 cell lines.

DR. VOLPE: Yes. |'ve always been cogni zant of
t he passage nunber just doing a literature search, and we
have just not built it in. These studies have only begun
in the past two nonths, but it is sonething that we are
really looking into and not just TEER val ues, but maybe
sonething |like Lucifer yellow that would also tell you the
pernmeability effect over tinme when you passage these cells
conti nuously.

And, yes, we just started doing it wth one
i nternal standard, but we've also discussed, well, let's
| ook at maybe a high perneability drug and a | ow
pernmeabi lity drug as our standards and build that in. It's
just these are initial experinents, and yes, that's
sonet hing we would |ike to consider down the road.

DR. GOLDBERG | would like to comment on the
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intrinsic dissolution. | think the intrinsic dissolution
is directly proportional to the solubility, and I think
that it has | ess experinmental variation in determ ning that
than in neasuring intrinsic dissolution. So, | would
certainly want to see solubility data in any subm ssion as
opposed to necessarily intrinsic dissolution. That's just
a coment .

| have questions on in vitro dissolution.
think that you are willing to go along with the dissolution
specification for HS/ HP drugs, high solubility/high
perneabi lity drugs, and nmy question is, shouldn't that also
apply to high solubility/low perneability drugs? And why
are you differentiating? O is it just because you're
going very slowy?

DR. HUSSAIN. No. That continues to be an
i ssue of debate in the working group itself, the need for
perneability, why do you need perneability. |f a substance
or a product is rapidly dissolving and highly sol uble, why
does perneability conme into play?

The concerns have been with respect to
di ssolution, howreliable it is. For exanple, there are
changes that can occur in particle size, and if these
changes go along with a change to a wet to dry process

where you use a water insoluble type of a filler
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di ssolution results could be in the opposite direction in
the sense the system does not protect. So, | think we are
overly cautious at this point and that issue is debatable.

The graph that | showed you where perneability
versus f has a sharp slope, and the feeling was if we nake
a mstake in allowi ng a product which really, really
doesn't dissolve rapidly in vivo but it appears in rapid
di ssolution in vitro, that product would be drastically
affected not only in Chmax but also in AUC. So, w de
t herapeutic index drugs, high solubility, the pernmeability
protects against that. That's the logic right now

DR ZI MVERVAN:  Dr. Am don?

DR. AMDON: | think the short answer to your
question, Art, is it does if you set your dissolution
standard right. |In other words, you probably for a | ow
permeabi lity drug, which in our experience |ike your
cinetidine, ranitidine, atenolol, is position-dependent
pernmeability. So, duodenum jejunum ileum may have
different perneabilities. You probably need a tighter
di ssolution specification for a |low perneability drug. So,
it nust dissolve instantly in the stomach and it behaves
i ke a solution; whereas with a high perneability drug, by
definition it's well absorbed. And so you could probably

sl ow down, as Ajaz showed with the data on netoprol ol and
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propranol ol, but certainly netoprolol. You could slow down
the dissolution rate to a 30-m nute specification and still
nmeet bi oequi val ence criteria. That's probably not the case
for a high solubility/low pernmeability drug.

So, the answer is yes. | think if you set your
di ssolution specification tight enough, short enough, then
it would pertain to both. Wth the current standard of
di ssolution of 85 percent in 15 mnutes, | think it would
apply to both, but a dissolution in 30 or 45 m nutes
probably woul d have to be applied just to high perneability
drugs. That's our thinking as to where perneability wll
becone discrimnating, and we're just taking the nost
conservative position now.

DR GOLDBERG (Ckay. A comment on neasurenent
of dissolution is that you have showed data at 30 m nutes
and at 15 m nutes of sone drugs. You had to go to 5
mnutes. W're using time as the x axis instead of having
sonmething like the tine to dissolve 10 percent of the drug.
So, when we do a profile by tinme, we often see at the early
time point 80 percent of the drug dissolved, and it's very
difficult to discrimnate between 80 percent and 90
per cent .

But if you ook at the time to dissolve, let's

say, 10 percent of the drug or 25 percent of the drug and
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get a profile that way, you see a real difference in tines
| think, and | think that may be a nuch nore sensitive
measure for conparing dissolution profiles.

A question for Donna Vol pe. Donna, thank you
very nmuch for the presentation. But | wonder whether these
sanme correl ations that you' ve shown for perneabilities to
fraction of drug absorbed have been done with partition
coefficients and what kind of correlation coefficients
you' ve seen

DR. VOLPE: There are a nunber of papers out
there in the literature that | ook at the Peff values in
vitro with the CACO- 2 cell lines that do correlate with the
partition values. | just didn't have the val ues here, but
there are a nunber of papers out there that you can find
that on where they | ook not just at percent bioavailability
but they also |ook at the partition values and then the in
vitro values. There is correlation between the CACO 2 cell
lines and the partition val ues.

DR. GOLDBERG. As | | ook at the correlation
coefficients that you' ve shown for the correlation between
the perneability and the fraction absorbed --

DR. VOLPE: Right.

DR. GOLDBERG -- and we're seeing correlation

coefficients ranging on the data you showed from.63 to



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

24

67
. 78.

DR. VOLPE: Right.

DR. GOLDBERG | was wondering what those
correlation coefficients would be if you did the sane
correlations wth partition as opposed to perneability.

DR. VOLPE: | can't say. | have not gone back
inthe literature and done that, but that would be an
interesting thing to | ook at, yes.

DR. GOLDBERG. Thank you

DR. MAYERSOHN: | think Dr. Gol dberg is making
a case for low tech

DR GOLDBERG In a sense, yes

DR AMDON: | just wanted to comment on what
Art and Steve said. | agree with you, Art, you can
estimate intrinsic dissolution quite easily. Al you need
to do is estimate or determ ne your diffusivity. And
that's sonmething that | think should be done, not
necessarily required if I were a devel opnent person doi ng
it.

But | agree wth Steve. Experinentally
measuring intrinsic dissolution has sone experi nental
difficulties that in sone cases it's very difficult to get
an experinental intrinsic dissolution rate. But |I think it

shoul d be estimated. |In fact, | think it's a type of
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experinment to prove that you can do an experinent because
you know what the intrinsic dissolution rate is and if you
don't get that, you have a problemw th the experinent.

DR ZI MVERMAN:  Dr. Mayersohn?

DR. MAYERSOHN: Wth regard to the perneability
issue, it's actually a comment that 1'd like to |l eave with
Roger, and that is I'd like to see the agency pursue ani nmal
nodel s, whole, living Iive animal nodels, for assessing in
vivo absorption which you're using in the sane terns as
pernmeability. There have been efforts over the years.
don't think they have been as thorough and conpl ete as they
could be. You may want to give sone thought to the
possibility of devel opi ng an appropriate ani mal nodel for a
screen, at |east for a screen.

DR. ZI MVERMAN:  Dr. Mayersohn, are you talking
whol e animal and not the intestinal --

DR. MAYERSOHN: That's correct. \Wole aninmal.
Yes, in the perneability breakdown that Donna presented,
there were sone in vivo perfusion studies that were
suggested and that's fine. You still need to select an
animal, but the whole animal in terns of dosing m ght be
very useful

DR. HUSSAIN. At the expert panel, Professor

Wn Chiou presented data regardi ng absorption in rats
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conpared to absorption in humans, and | think he's pursuing
that and he'll be submtting his conplete anal ysis.

At least our intention is to keep the guidance
as open as possible. If an aninmal nodel is found suitable,
sure, the guidance would allow that.

DR. ZI MVERVAN: But what do you nmean by "found
sui tabl e"?

DR. HUSSAIN. | think we are | ooking for
predictive value. W would like to be certain that, say,
90 percent absorption predicted in the rat would also -- or
the prediction in humans woul d be a reliable prediction
because the whole animal |eads to different netabolic
pat hways, different netabolism and the techni ques m ght be
more difficult and we nmay not have enough hard data to
accept that.

DR. MAYERSOHN: Well, the techniques are
unquestionably nore difficult. | was really suggesting as
an initiative for the agency of the Pharmaceutical Sciences
gr oup.

The other thing | guess that conmes to mnd --
and you're going to have tell ne where |'m going wong here
inny thinking -- is the difference between perneability
and absorbability. | know, Gordon, you' ve shown a

rel ati onshi p between the two.
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Perneability it seenms to nme can be correl ated
anong virtually all menbranes in any mammal i an species. In
fact, you can probably use | atex nmenbranes, and that w |
work too. Partition coefficients mght work as well.

Wher eas, absorbability is a very different issue. There is
likely not to be a correlation in absorbability of dosage
forms, rat versus human.

DR, ZI MVERMAN:  How are you defining
absorbability?

DR. MAYERSOHN: The conpl et eness of absorption
is absorbability, whereas perneability is a nmeasurenent of
rate per distance.

Do you make that distinction in your m nd?

DR AMDON: Well, | think pernmeability
technically is a mass transfer coefficient, so you
typically neasure it in only one segnent like in typically
the jejunum Perneability can vary along the @ tract
because it's highly differenti at ed.

So, the ability to predict absorption just
based on the jejunumrests on the assunption that that
perneability is applicable over the rest of the G, and
that nmay not be true. 1In fact, we knowit's not true for
sone drugs, particularly carrier-nedi ated drugs, but drugs

that al so m ght be pH dependent where the pHin the |unmen
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varies along the G tract.

So, | think the absorbability and perneability
are well predicted when the jejunal perneability is a good
estimate of overall perneability along the G tract, but
when there are nore specialized considerations, it's not,
and you have to include then your position-dependent
perneability.

DR ZI MVERMAN:  Dr. Branch?

DR. BRANCH: | like the approach of trying to
get at underlying nmechanisnms, but I'ma little confused as
to how you're taking in active transport and netabolismin
the whol e equation of perneability. | guess ny major
concern there is the nuch greater inter-subject variability
that you' re going to get if this nechanismis invol ved.

So, ny questions relate in terns of the overal
policy. Wen you're trying to define perneability, you
have |isted either direct mechani sns of | ooking at
pernmeability or total AUC which is hard to know which
mechani sns are involved. So, how are you separating out
this and are you taking into account drug netabolisn?

Then in the CACO nodel particularly, | wonder
if you have a nodel that you know i s under-expressed in
terms of transport mechani snms and probably drug

nmet abol i zi ng enzynme capability whether if you identify any
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met abol i smor any transport, then that nodel shoul d
probably be consi dered i nappropriate for addressing that
particul ar drug issue.

| s there any consideration given to where the
nodel shoul d not be used?

DR. HUSSAIN. Extent of absorption that is used
in the definition of pernmeability is total anmount absorbed.
It includes drug that was converted to a netabolite in the
gut wall or hepatic netabolism

The view we have is | think variability is high
for highly nmetabolized drug, but that variability is
associated wth bioavailability.

The focus that we have kept is on
bi oequi val ence. Two products of the same drug, if they
provi de the sane concentration/tinme profile at the
intestinal nmenbrane surface, are likely to be bioequival ent
unl ess there's an excipient which would affect netabolism

From t hat perspective what the group has
suggested is if dissolution is rapid enough, then gastric
enptying and the rest of intestinal notility defines that
concentration profile, not the product. So, that's not a
product quality issue which is bioequivalence. That's a
maj or issue for bioavailability determ nation

So, nmetabolismis a concern fromthe point of
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vi ew of excipients that are used only in this.

| hope |'ve addressed that and extent of
absorption is the total anount absorbed. So, you could
sinply ook at the urinary excretion of total drug, say, a
radi ol abel ed drug, to get that.

Donna?

DR. VOLPE: In terns of the CACO 2 cul tures,
ri ght now what the guidance will focus on is passively
absorbed drugs that do not involve active transporters or
ef fl ux menbranes. That is also comng to us fromthe
expert panel neeting.

There are new cell |ines being devel oped, or
shoul d say new strains of CACO-2 cell lines that wll
overly express an active transporter or under-express it,
and especially like the P-glycoprotein, you'll see cel
lines out there that they' ve devel oped that either over-
express it for things. But right now what we'll focus on
i's just passively absorbed drugs, but it's sonething that
we have been considering and it's always been in the back
of our mnds in terns of active transport mechani sns.

DR ZI MVERVAN.  Dr. MCuire?

DR MGQU RE: The CACO 2 nodel is interesting
inthat it's of colonic origin and it has brush borders and

tight junctions. The question is whether all of those
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things are necessary. |In other words, if you had anot her
epithelial cell line that didn't have that apical and
basol ateral differentiation, if you would find the sanme
characteristics of transport. |Is there sonmething specific
about this cell line that makes it nore applicable to
i ntestinal absorption?

DR. VOLPE: | think we focus on the CACO 2 cell
sinply because of the body of literature that backs it up.
| have seen studies using the HT29 cell line. The only
problemw th that is you have to change the nedi a
conponents, and then you will get an enterocytic
differentiation in the cell line. But |I have not seen any
studies with just other colonic cells lines or just even
intestinal cell lines. The systemseens to be well worked
out and the database is behind it in terns of literature.
But that is an interesting factor.

There are sone things that |1've done with
epithelial cells |ooking at transport, such as a kidney
cell line, but the CACO2 cell line cones to us with a | ot
of literature base and a | ot of usage in the academ cs.

DR ZI MVMERVAN: Dr. Brazeau?

DR. BRAZEAU. W th respect to that, | think you
are going to be very conscious of having the individual

characterize where their cell line with respect to P-
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gl ycoprotein. When | think about what we do sonetines
renal cells -- you know, you do marker enzynes for
activity. |If you're going to have different transport
processes as a function of different passages, you're going
to have to be able to give sone guidance as far as what
you' d expect for the various expression of some of these
transporters or P-glycoprotein. Oherwise, the data is
going to be all over the place. You're not necessarily
going to be able to interpret it.

DR. VOLPE: As you can see it in the things
that we like to do, we do have in-house expertise in terns
of P-glycoprotein problens, albeit in human cancer cells,
and there's a series of studies we'd like to | ook at
| ooking at drugs that are transported by the P-glycoprotein
and then | ook at bl ockers at the sanme tinme. In conjunction
with those experinents, we'll be |ooking at the expression
of P-glycoproteins on our cells that we have in house and
| ook at the expression over tinme in terns of passage
nunber .

DR. BRAZEAU. This is where I'd like to
di sagree respectfully with ny coll eague, Dr. Mayersohn.
think that these CACO-2 cell lines can be a really useful
tool to do sone initial screening. Wile | value aninal

nodel s, 1'mnot sure what the value added is going to be of
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that. |If you ve got certain drugs that show that there
isn't going to be any problens, I'mnot sure that you
necessarily need to do the animal nodels. So, | think it's

kind of a TEER appr oach.

DR ZI MVERVAN:  Dr. Am don had a question.

DR. AMDON: Yes, a couple of comments. |
t hi nk one, Gayle, of course the aninmal nodel has everything
expressed at levels that allow the organismto |ive, and so
the balancing -- and as | think Donna is saying, once you
start mani pul ating CACO 2 cells, there's a whole | ot of
t hings you can do. So, the characterization becones very
i nportant.

| think that's one reason for in the guidance
not wanting to get too detailed but kind of put the
chal | enge to the conpany sayi ng you convince us that you
have a good systemand we'll listen. | think that's
probably where we have to be.

And | absolutely agree wth you. Screening-
W se you would want to use these systens and that's the way
to go. Wen you want to actually determne in vivo what
m ght happen, | think some in vivo experinment is necessary
just to be sure you didn't m ss sonething.

DR. BRAZEAU. | think you could do those sort

of in a step-w se approach
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DR AM DON:  Yes.

DR. BRAZEAU. You could use the CACO 2 cells to
screen a variety of things, choose your best conpounds, and
be nore efficient when you go to the aninals because
animal s take tine and noney.

DR AM DON:  Yes.

| think a cooment just to Dr. McQuire. | think
one reason the CACO 2 cells have becone so popular is that
they do form confluent nonol ayers that are fairly tight
junctions and are not |eaky. So, you can do a transport
experinment. You can put sonething on the donor side. You
can find it on the receiver side. You don't have to grind
the cells up. You don't need to have a particularly
sophisticated assay. | think a cell line that you could do
a transport experinment in would probably correlate at | east
for parallel passive absorption. So, | think the CACO 2
cell s becone useful because they're technically easier in
many ways to do a transport experinent.

DR ZI MVERVAN: Dr. Byrn?

DR. BYRN. Is there a way in the CACO 2 cell
systemto reduce the errors? It |ooked to ne |ike sonme of
the nunbers, the errors were relatively large. And then
when you use an internal standard, you're ratioing two

nunbers with large errors. So, depending on what nethod
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you use, you're getting even larger errors, and naybe
within a laboratory, is there a way to reduce those errors?
| understand we're working in a systemthat's difficult to
work in because it seens to ne that if we split the nunbers
-- you know, if it's greater than .4 or whatever -- we're
dealing with quite a large error there sonetines.

DR ZI MVERMAN:  Dr. Hussain?

DR. HUSSAIN. Two points. One was with our
CACO 2, the highest coefficient of variation we found was
26 percent wth high perneability naproxen. Froma
bi ol ogi cal experinment, | think that's pretty tight.

Al so, the use of the internal standard is quite
actual ly desirable because we feel that nmetoprolol is
probably at the boundary of high and low. So, if you
sinply denonstrate the ratio is higher than 1, if
metoprolol is the internal standard, that drug is
definitely high perneability. That's how we are trying to
use the internal standard concept.

| agree. | nean, you're putting two drugs
together for the ratio and variability would go high for
the ratio. At |east when we | ooked at sone of the data,
that doesn't appear to be the case in all, but that's
possi bl e.

DR ZI MVERMAN:  Dr. Mayersohn?
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DR. MAYERSOHN: Let nme, Gayle, try to defend ny
position with whole animals. | think you'll understand
what |' m sayi ng.

W seemto ask the industry to do nore and nore
and nore and there's no end to it. On the other hand, this
classification systemwhich introduces sound scientific
principles early on in the devel opnent process is going to
go a long way to reducing costs ultimtely.

My comment about whol e ani mal s was nore geared
to the followng way. |If you can have an i nexpensive
ani mal nodel, not a human, which allows you to screen
di fferent dosage forns purposely created to have different
di ssolution properties and you can crate your in vitro/in
vivo correlation, now you have potentially an ani mal nodel
that will let you do all the screenings and even
potentially submt in vivo data to the agency for
bi oequi val ence acceptability. That's a |long way off.
don't know if an animal nodel |ike that exists.

| will just throw out to you we have an
interest in | ooking at swine for this purpose, and the
literature suggests that may be an interesting ani mal nodel
to use. But that's where ny thinking was.

DR ZI MVERMAN:  We're getting to the point

where we probably should take a break unless there are



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

24

80
ot her burning questions. Dr. WIIlians?

DR. WLLIAMS: Well, Dr. Zimrerman, |'d just
like to remind the commttee -- and I'msure they' re al
quite well aware of this -- that | think this is probably
one of the nost inportant topics that we're going to
di scuss before this commttee.

Just to review the regulatory history a little
bit, which I"msure all of you know at |east as well as |
do, | would start with that Ofice of Technol ogy Assessnent
report of the early 1970's which had a very distingui shed
panel of nenbership, people who you all know quite well.

It was a very significant contribution to our thinking in

the United States about bioavailability and bi oequi val ence
and | think fornmed in sone ways the underpinnings for the

1977 reqgul ations that the agency pronul gated.

Those of you who go back and read that will see
very clearly articulated the principle that not all drugs
and drug products needed in vivo bioequival ence studi es and
bi oavai l ability studies.

Now, with that in mnd, the further evolution
in the history of the agency's use of that information and
other information was that in the 1977 approach we did talk
about bi oprobl em drugs and non-bi oproblem drugs. |'m sure

you all renmenber that approach. It was applied in the
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United States to pre-1962 drugs in such a way that we had
the AA category. If it was a non-bioproblemdrug, we could
wai ve in vivo bioequival ence for drugs approved prior to
1962.

Then after 1962 and wth the advent of Hatch-
Waxman, there was a general agency conclusion, although it
was not a fixed irrevocabl e conclusion, that all post-1962
drugs woul d need in vivo studies.

Now, obviously what we're tal king about here is
backi ng away fromthat post-1962 decision, and it's saying
for certain drugs you will not need in vivo studies.

So, | think | agree with Dr. Mayersohn quite
clearly. This has trenmendous inpact on regul ated industry
who submt abbreviated applications.

|"malso pleased to say that | think it has
t remendous i npact on innovator pioneer manufacturers in the
sense that we can excuse them perhaps from many
bi oequi val ence studi es during the preapproval period of an
NDA.

And then I"'mfinally delighted to say that |
think if it all works out, we can reduce regul atory burden
associ ated wi th post-approval change, the SUPAC concept,
for both pioneer and generic nmanufacturers.

So, | again | want to enphasize what Dr.
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Mayersohn said. This is a very far-reaching policy that
we' re buil ding here.

| mght argue that we're also working with the
world community in understanding the science of what we're
tal ki ng about here.

Now, of course, when we tal k about this kind of
maj or change, there is the true desire to reduce burden to
i ndustry to reduce unnecessary clinical testing, and then
it's the rock and the hard place. On the other side of the
coin, you get into the public health risk of letting
products into the marketplace that aren't equival ent.

|"'mdelighted to see the attention to that
concern that Dr. Hussain brought to the discussion
Qobviously we're searching far and wi de both in our own
dat abases and in the literature for exanples of failure,
and when we see those exanples, they raise a special
concern to nme because ultimately | think the Ofice and the
Center will have to justify to the public and the various
constituencies involved that we are pronulgating a rational
public health policy.

Just to give you sone sense of the further
steps involved here, we wll try to put out -- | believe
t he guidance is a level 1 guidance. You all had our Good

Qui dance Practice docunent in your backgrounder. So, that
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| evel 1 guidance wll solicit public input, and then we
will create what hopefully is a final draft gui dance.

Then | think we have a responsibility to
communi cate to the various constituencies -- | mght start
there with the public and the patient, the health care
community, the legislature and our governnent, the nedi cal
community within the Center, the agency -- that we are
doing sonething that's rational and scientifically
defensible. And | would argue that this endorsenent of
this coomittee at the right nonent will be very inportant
to us.

Now, | don't think we're ready to ask that
particul ar question of the commttee right now. | think we
have to do sone further work and maybe conme back to the
commttee at the right nonent with the final draft docunent
so that you can see how we carried forth your discussion,
whi ch | thought was excellent today, and all the other
efforts that we're doing here to make sure that we have a
defensible, rational, scientifically defensible approach.

So, | want to thank the commttee and then give
t hem t hat suggestion as to what the further steps m ght be.

DR. ZI MVERMAN:  Thank you.

We' || concl ude our discussion of the

Bi ophar maceutics C assification System | think that the
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di scussion centered a | ot around standardi zati on of sone of
the perneability nethods, particularly with regard to the
CACO 2 systemthat you' re working on. There were sone
guestions of whether we should be |ooking at intrinsic
di ssol ution neasurenents rather than solubility, and |
t hi nk we reached consensus that the solubility neasurenents

are probably the nost practical.

Wth that, | think we'll take a break for 10
mnutes till 10:30 and then reconvene here. Thank you.
(Recess.)

DR ZIMVERVAN: |If | could get ny conmttee
back, we're going to get started. Well, we' re already
behind time, so we're going to get started here. Please
cone in and take your seats.

The second part of this nmorning's programw | |
be on locally acting drug products with an enphasis on
dermat ol ogi cal drug products. Qur noderator for this
section of the programis Dr. Vinod Shah, and he's going to
start by tal king about gui dance devel opnent, overvi ews and
I Ssues.

DR. SHAH. Thank you, Dr. Zi mmerman.

|"d like to change the gears now. In the
nmorni ng we tal ked about the oral drug adm nistration when

we can give the waivers, but now!| would Iike to shift the
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gears to the topical drug products or we call it the
| ocally acting drug products, topical dermatol ogical drug
products. These are the products which you know are
applied topically for the topical action. They're applied
on the skin or on the affected part of the body for having
the I ocal action and not a system c action.

In this section we'll discuss the guidance
devel opnents and overview and the issues. That's the first
part of the presentation.

Foll ow ng that, we'll have sone clinica
considerations which will be presented by Professor Howard
Mai bach.

After that, we'll have the dernmatol ogica
perspectives which will be presented by Dr. Joe MCQire,
who is also the Chairman of the Derm Advisory Conm tt ee.

Then we'l|l have sone presentations on the
der mat ophar macoki neti c approaches from Professor Hans
Schaefer of France, and we'd also |like to discuss the | ower
strengt hs.

Now, going back to my first point, which is the
gui dance devel opnent, overview and the issues, what are we
tal king about in this case? I'mtrying to develop a
gui dance, a gui dance for the bioequival ency studies, in

whi ch case we'll define or at |east indicate how t he
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bi oequi val ency studi es should be conpil ed.

Bi oequi val ency for what? This is the
bi oequi val ency for the sane type of dosage form that is,
to take two creans fromthe innovator conpany and the
generic conpany and nmake a conparison. So, it will be
agai nst the same cream versus cream sane oi nt ment versus
ointnment, and the sane active ingredient and the sane
strength. We need to keep this in mnd because it is
primarily focusing on the bioequival ency of the simlar
type of the dosage forns.

VWat are the different ways how t he
bi oequi val ency could be determ ned? Well, at |east there
are four ways that we can think about, one being the
clinical way of determ ning the bioequival ency which is
doing the clinical studies, neking the conparison between
the test and the reference products. In general, our
feeling is that clinical studies are difficult to perform
They're expensive and a lot of tinmes they are insensitive
to some of the findings that you want to |look into. Dr.
Howard Mai bach will go into the details about the pros and
cons of the clinical studies when he'll be discussing that.

The second aspect is the pharnacodynam c
studies. That's where we w il be seeing sone of the

phar macodynam ¢ endpoints like in the case of the
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gl ucocorticoids, which is the only exanpl e where we have
done such studies, where it devel ops a blanching after the
topical applications and we did discuss that.

Today we w Il not be discussing on the
phar macodynam ¢ aspects and the bl anching of the
gl ucocorticoi ds because that was di scussed in the presence
of the previous conmttees here, which was known as the
Ceneric Drug Advisory Commttee, several tinmes, and with
the input fromthe conmttee, we had cone forward with the
gui dance which is in existence.

W would like to discuss today the
der mat ophar macoki neti ¢ aspects about the bi oequival ency.

In general, we feel that that approach is feasible. It is
| ogi cal because the drugs are applied topically and what we
are nmeasuring, what we are |ooking at are the drug
concentrations in the skin with the

der mat ophar macoki neti cs, pharmacoki netics applied to the

bl ood concentrations in the skin.

There are sinple nethods, sinple ways how t hat
could be done, and that wll be presented. So, we feel
it's alogical way, if we can do that determ nation, and
also it is generally applicable. 1t may not be universally
applicable at tines, but we feel that it is generally

applicable for alnost all the types of topical
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der mat ol ogi cal drug products.

Wth respect to the in vitro rel ease net hods,
it is also universally applicable, but today we feel that
it cannot be used as a single nmethod to docunent the
bi oequi val ency. But the value of the in vitro rel ease
method is it is can signal inequivalency in the topical
der mat ol ogi cal drug products.

What type of products are we |ooking at? Well,
wWith respect to the topical drug products, we are | ooking
at the glucocorticoids, and as | indicated, we already have
a gui dance on that which was nade avail abl e on June 2,

1995. For the antifungals, this was a clinical study

gui dance and we had only a draft which was published in
1990. We don't have any final guidances avail able either
on the antifungals, antivirals, antiacne |like the
retinoids, or the antibacterials. W feel that maybe the
new principles that we are | ooking at m ght be useful to
provi de us the way how to do the bioequival ency for the

t opi cal dernmatol ogi cal drug products.

So, | would refer this advisory commttee
people to give us an input on the two different issues, the
first one being can dermat ophar macoki netic, or the DPK
met hodol ogy be used for bioequival ency determ nation for

all dermatol ogi cal drug products which includes the
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antiacne or the retinoids, antivirals, antifungals,
anti bacterials, and the glucocorticoids? |If not, then for
what classes can it be used?

| would like to indicate here that there has
been sone concern that maybe for certain types of drug
products it may not be applicable fromone side of the
coin. The other side of the coin indicates that no, it can
be applicabl e because it does provide sufficient
i nformation, especially when you want to conpare the two
products, the test product and the reference product. |If
they give both the simlar profiles in
der mat ophar macoki netic analysis, then it should be
acceptable. So, there are two sides of this coin, and |
hope that the discussions at the commttee would really
give us the proper direction as to for those types of
products whether it would be applicable or not.

Then the second question | would like to
di scuss and that |I'lIl come back later on in nmy presentation
is can in vitro drug rel ease be used for granting
bi owai vers for | ower strengths.

I n the handout or the background information,
have provided a sunmary of the workshop report. W had a
wor kshop in 1996 where about 250 pharmaceutical scientists

were present, nationally as well as internationally known
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peopl e who participated init. A summary of the workshop
has now been subm tted to Pharmaceutical Research for
publication, and hopefully that will be out either in the
February or March issue of Pharmaceutical Research

Sonme of the inportant things that cane out from
t he workshop are that the DPK is a viable nethod for
bi oequi val ency eval uati on of topical dermatological drug
product s.

Skin stripping is a specific DPK nethod that
assesses the drug concentration in the stratum corneumas a
function of time, like when we are tal ki ng about the
phar macoki netic principles, we are always interested to see
what is the rate of absorption, when does it reach the
maxi mum | evel, and how rapidly it disappears or gets
elimnated fromthe body. The sanme principles could be
applied to determ ne the drug concentrations in the skin,
and that is as a function of tine.

And the drug uptake and elim nation phases of
the DPK profile should be al ways eval uat ed.

These are sone of the conclusions that canme out
fromthis workshop.

In order to help ne in devel opi ng the gui dance,
as you al so saw fromthe previous presentations of Dr. A az

Hussai n, there are always groups of nenbers who start
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wor ki ng toget her and who develop that. Now, in this
particul ar gui dance, we have several groups, which | cal
subgr oups, which are discussing on the areas of the
conparative clinical trials and the system c absorption
because we al so need to worry about the safety issues if
the formul ations are different; the dermatopharnacoki netic
aspects; the pharnmacodynam c aspects; the CMC, standing for
the chem stry, manufacturing, control, and the in vitro
rel ease aspects; and the conparability of the inactive
ingredients. These are the different sections of ny
gui dance.

| have the nenbers fromthe different
di sci plines which are included in this particular
devel opnent of the gui dance.

So, with this as a background and over al
obj ectives of this neeting, | would Iike now to nove to the
ot her aspects of the clinical considerations for
determ ning the bioequival ency of these products, and |
woul d request Professor Howard Mai bach to conme and nake his
presentation. Thank you.

DR. MAIBACH. It takes enornous arrogance for
an academ cian to begin to try to cover all of the field of
clinical trials in 14 and a half mnutes, but as nost of

you know, both physicians and academ ci ans are arrogant, so
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I will try.

(Laughter.)

DR. MAIBACH The issue really is not one
system nanely the stripping system against clinical
trials. The issue is what are the weaknesses and strengths
of the stripping nethod, which you'll hear about
subsequently, and what are the strengths and Iimtations of
clinical examnation in standard efficacy studies.

Everybody in this roomknows it is not a matter
of debate. It is not sub judice. Everybody knows that the
clinical trials are awkward and ti me consum ng and energy
consum ng

The issues, therefore, then are what can we,
who do clinical assays who are involved in this type of
bi ol ogy, do to inprove the netrics. There are whole
departnents of netrics already in general pharnacol ogy.
There is a nuch snmaller group in the cutaneous field, and
in fact it will not be till the end of next year that you
will get to see fromour |ab group a book call ed Cutaneous
Bi onetri cs.

When you | ook at cutaneous bionetrics, if
you' ve | ooked at any of this literature, you know t hat
there is sonmething highly peculiar. You notice that

remar kably pl acebos work extrenely well, and then the
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burden of the assay is how do you tell the active fromthe
pl acebo.

It is ny intellectual bias that in fact we are
really resolving this problem and I will give you exanples
t hat when you really do the study properly, the placebo
ef fect disappears or is at least mnimzed. | therefore
call that the pseudopl acebo effect that is an artifact of
the lack of objectivity in our clinical trials.

Then the issue really is, how much of the
variance in these clinical trials that nake them so
cunbersone is really a biologic variation in the patient
and how nuch is really sinply due to the fact that we're
now only beginning to becone serious about the science of
the netrics?

| do not want to give you a report card of ny
poor observations over sone years. So, instead |'m going
to give you a report card of sonebody else. One of ny
clever colleagues, H WIllians, and only indirectly related
to Roger WIllianms, had the tenerity, which you could do in
the United Kingdom to do such a study. He sinply went
through the British Journal of Dermatol ogy and took all of
the very best studies that we m ght use for generic
conpari sons and asked the sinple question, if | only take

t he best studies and you pass the peer review process --
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this is now forgetting those that never got published or
were never submtted -- how well are we trained to show
di fferences between two treat nent groups?

I f you just |ook at the upper right-hand
columm, in 98 percent studies -- and you can see the 95
percent confidence limts if you want to becone even nore
di sturbed -- the netrics were such and the statistics were
such that there was no hope of finding a 25 percent
difference, and in 70 percent of the studies there was no
hope in showi ng a 50 percent difference. Qoviously, if you
believe this report card -- and | do believe Dr. WIIians'
report card -- it neans that there's roomfor inprovenent.

Now, | am going to show you one study, and |I'm
going to tell you for those few people who are cl ose enough
to the skin how | manipulated this to | ook interesting for
you intellectually.

This is a study of sonething that sone of you
probably consider so mundane that you will not take it too
seriously. This is scaling of the scalp and the scaling of
the scalp here was using a standard zinc pyrithione shanpoo
in one group and the placebo shanpoo in anot her group.

This is a group of about 30 volunteers. On the horizontal
axis, you see the weeks of treatnent. On the vertical

axi s, you see the score.
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What | would like you to see is that with the
vehicle there was no placebo effect. The conputer best
fit, which is the line that you see, over tine shows that
with one grader -- | was the grader, although | was backed
up by a professional grader. The professional grader and I
showed no pl acebo effect.

We then were able to take a | ook at the
treatnment group. Again the little dots are the individua
val ues, but you see the conputer fit. W showed on this
very enlarged scale a difference of 1 unit.

Now, for those of you who are nore facile in
mat hematics than | am | think you can see that even in
this rather quality experinent, even if | didit, but |I was
trai ned by professionals who know how to do it, that
telling the difference with sonme, say, 20 percent degree of
certainty between two fornul ati ons may be considerably nore
difficult.

Now, on anot her inperfect experinent,
occasionally ny industrial colleagues are kind enough to
et me help themplan clinical studies and then | ook at the
results. This study, chosen to be outrageous to you on
purpose, is a very sinple study. This is a class 2 topical
corticosteroid, neaning al nost the strongest that are

currently avail able, conpared to its placebo. This is not
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an attenpt to tell the difference between two of the sane
fornmul ati ons.

W' re neasuring here sonething called
t hi ckening, the thickness of the skin. This happened to be
psoriatic plaques, but the data in this experinment shows

exactly the sane for all of the other parameters, including

itch.

What | would |like you to see, there were two
visits. You can see the vertical line is the scale and
this is investigator 22. |Investigator 22 happens to be one

of ny personal friends, so | choose not to give you his
name because there's another investigator that I'mgoing to
show you in a m nute.

| nvesti gator 22 showed, A, no placebo effect --
that nakes ne feel very confortable -- and B, a very | arge
difference. You don't need your personal statistician
sitting next to you. The active was very active.

But since these are al nost al ways done in
multi-center studies, here is ny friend, professor nunber
31 or investigator 31, and | would like you to see that for
t hi ckening and all of the other paraneters, this particular
i nvestigator, because we don't have any internal controls
the way you do have for you colonic cells that you' ve been

tal king about, couldn't tell the difference between a
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hi ghly potent corticosteroid and its vehicle.

Now, obviously if we're going to ask this
particular investigator to tell the difference between two
bi ophar maceuti cal formulations, the innovator and the
generic, we're in bad trouble or the consuner is in bad
troubl e.

Now when you take the four investigators
t oget her, obviously you |lose the discrimnation of the
first professor because of the second professor.

These are issues that if we are going to be
forced to use clinical trials, that we're going to have to
deal with in the future.

Now, we're doing better in sone areas. This is
a standard clinical photograph. Al of you in the back
hopefully can see this is the acne vulgaris that you knew
as high school students. This was hopefully your friend' s
and not you.

(Laughter.)

DR. MAIBACH. Due to the work of an engi neer
actually at Procter, M. Cyrus Cook, he devel oped a very
si npl e system for photographing both sides of the face in a
very standard way. He was able with this systemto solve a
dilenma that |ed to congressional hearings, nanely should

dermat ol ogi sts be using tetracycline or should
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dermat ol ogi sts not be able to use them because in fact
before this nethod, half of the studies showed that
tetracycline in acne was a placebo and half showed sone
efficacy. But once you got the proper netrics, then there
was no debate.

What you see in the last slide that | skipped
over very quickly is this is one particular slide fromthe
Procter group which in groups of only 25 subjects, they
were able to tell the difference between the placebo --
they still had sone placebo effect -- the topical
tetracycline and the oral tetracycline. The teaching point
here is that once you get the netrics straight, you can do
a better job of discrimnating.

But now the next part of it is, what diseases
are you going to tell your clinical investigators to us if
you want to tell the difference between one formulation and
anot her ?

Vell, | don't have a good exanple with a
generic versus an active, but this is an early study that |
was involved with many years ago where we were | ooking at
conbi nation drugs. This is a quinolone plus a
hydrocortisone in a conbination topically conpared to the
qgui nol one al one, the vehicle alone, and the hydrocorti sone

al one, the standard net hodol ogy for denonstrating efficacy
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of conbi nati ons.

What | would like you to see here -- and you
don't need the fine details, and I can give you the
statistics and the publication -- is that if you take a
ook in the far left panel, tinea pedis, the athlete's feet
bet ween your toes, these fornulations |ook identical. But
instead, if you go to the third panel, you take a nore
mononor phous di sease that we understand better, tinea
corporis, you can see clearly the conbination is nore
effective in the paraneters that we neasured than the
i ndi vi dual conponents.

So, not only do we have to |earn how to neasure
but we have to know the biology of the diseases that we
want to neasure. All fungal diseases are not the sane.
Nanely, there are sone clinical states |like the ringworm of
the body that are far nore honbgenous and m ght give you a
much better chance of showing the difference between two
active fornul ati ons than those that are heterogenous |ike
tinea pedis, or athlete's feet.

Now, everybody in this room not arguably but
certainly, knows nore about statistics than | do, but all
of you shared with ne that in high school or in college you
saw this slide. You saw the slide that, when we first

studied statistics, showed variation of the biol ogical
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event. Here we're tal king about skin diseases. Al of you
surely know that the differences that you see here can
occur by forces related to the heavens above, whatever
they're going to turn out to be, but there's big-tine
variation when you try to neasure clinical disease.

And all of you, when you took this sane course,
| ooked at one of the hundred variations of this slide. In
fact, there are now whol e textbooks that just tell you how
to determ ne power cal cul ations.

But to give you sone idea of the conplexity of
power cal cul ations, for any of you who read your
advertisenments, our coll eagues at Sm thKline Beecham j ust
have put in the publications that it took them 3, 000
clinical subjects to show the difference between a new
topical antiviral and its placebo. QObviously we want to
avoid doing clinical trials for bioequival ence that get us
into those nunbers because | supposed you' d need 30, 000
subjects if you wanted to do the sane with two topica
formul ations that are active that are not the big
di fference between the active and the placebo. | won't
burden this point anynore.

Now, for the one or two dermatol ogists in the
audi ence here, | couldn't resist showng this smling face.

This is arguably to me one of the cleverest skin-related
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scientists that ever existed, the [ate Marion Sul zberger.
Marion Sul zberger gave us a hint of how we m ght inprove
this when he volunteered for mlitary service in Wrld Wr
1. He gave up a very affluent life on Fifth Avenue and
New York University and joined the Navy.

In the Navy, he told us -- because he was
wor king with war gases, with nitrogen busted, where you
didn't want to study any nore subjects than you had to
study, he suggested, and he was correct, that for sone of
t hese things, you should decrease the variance between
paral l el groups by using the sane subject.

Now, he was certainly correct. W think the
reason for this is not only are you dealing with the sane
subj ect but also the eye is nuch cleverer telling the
di fference between the left and the right conparison than
di fferent people.

Now, | don't know whet her we could use paired
conparison studies. The agency's groups that have worked
with this for many years have not favored it for primary
drug approval. It's conceivable that it m ght be favored
and sinplify the task, which nust be shown of course, for
bi oequi val ence.

| will also say that at the opposite side we're

going to be publishing soon -- Ron Wester and others in our
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| aboratory -- that in fact the supposition that drugs do
transfer fromone side of the body and get absorbed, which
has been assuned for years, is in fact correct. W now
have the kinetics to show that.

|"mgoing to end by saying clearly our
scorecard up today has been very poor. W're at nost a C
mnus. W're just getting by in conparing formulations to
each other that should be equivalent. Qur power is
relatively weak because of the subjective way in which we
are forced to neasure disease.

But there is a new field of dermatol ogy
devel oping now. |It's sophisticated enough to at |east have
i nternational neetings every few years, nanely
bi oengi neering of the skin. Sonetinmes when you switch with
the subjective evaluation of parallel groups and you use
sone of the nensuration techniques now readily avail abl e
t hrough ski n bi oengi neering, we nay be able to sharpen up
the focus of howto do these clinical trials. But in the
meanwhi | e | am hopi ng that dermat ophar macoki neti cs advances
significantly so that we can be spared and our patients can
be spared this work.

Dr. Shah, | hope |'ve addressed the question
Thank you.

DR. SHAH. |'d now request Professor Hans
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Schaefer -- oh, I'msorry. 1|'d now request Dr. Joe McCuire
to make a brief presentation on the dermatol ogic
consi derations for the bioequival ency determ nation.

DR ZI MVERMAN:  |'Ill point out that our
commttee has been joined by Dr. Kathleen Lanborn.

DR McGU RE: Good norning. It occurred to ne,
as Dr. Mai bach was speaking, that | probably shoul d have
preceded hi m because sonme of the difficulties in netrics
are related to sonme of the considerations that I'mgoing to
illustrate.

It occurred to ne in the first part of the
programthat the gut is very different fromthe skin. Most
of you think that a way to get a drug to work is to get it
through the gut. That's true. |If we apply sonething to
the skin and it imrediately gets through the skin, it
really doesn't hit the target that we're aimng for.

The route of an agent applied to the skin
surface is varied. The stratumcorneumis a very dense
menbrane and is filled with inter-corneocyte |anell ae,
whi ch are structural Iipids, which we'll say nore about in
a m nute.

But even in normal skin there are mcrofissures
in the stratum corneum and these are especially anplified

in all diseases, especially dermatitic di seases and
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psoriasis. There are special glands. There are speci al
organs in the skin, eccrine glands, pilosebaceous gl ands,
hair follicles, and all of these provide very rapid entry
for various types of nol ecul es.

Lastly | should say that there are mgjor
changes in the integrity of the epiderm s by prior
treat nent.

For those of you who don't know what skin | ooks
like, this is it. SC stands for stratum corneum and you
see there are parallel lines there. Those represent
corneocytes separated by lipid lanellae. This is probably
the nost inpernmeable part of the epiderms. VEP stands for
viabl e epiderms. These are the viable, grow ng, dividing
keratinocytes. And PD stands for papillary derms, and the
squi ggly things are bl ood vessels.

VWell, once a nolecule gets to this area and
hits the bl ood vessels, it's virtually out of there. It's
subj ect to hydroxylation, hydrolysis, sulfation, and
excretion either by the liver or kidney.

These two imaginary figures to the right are
concentration, and the major concentration of the nolecul e,
whatever is applied, is on the top of the skin, and then as
it noves through the viable epiderms and then it very

rapidly is excreted after it hits the papillary derms
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The velocity of novenent -- and | think Dr. Schaefer wll
have sone quantitative data on this -- is very slow and
then quite rapid as it noves into the papillary derms.

Well, as | indicated initially, the aim of
treating skin disease is to treat sonme of the cells within
the skin. It's not sinply to nove through the skin and be
excreted. Here are exanples of several different types of
treat nents.

For stratum corneum we use kerolytics such as
urea, salicylic acid, alpha hydroxy acids, lactic acid,
enol lients, detergents, and | shoul d have added sunscreens.

For the viable epiderm s, we have a nunber of
conpounds, the glucocorticosteroids, retinoic acid, and
cal ci potri ene.

For papillary derms, simlarly we use
gl ucocorticosteroids, retinoic acid, and cal ci potri ene.

The hall mark of the diseases in this category
are the major diseases of dermatitis, psoriasis, and acne.

If we |ook at the specific targets in stratum
corneum we have the intracellur lanellae, which are lipid
structures, the corneocytes, which are basically dead basal
cells that consist primarily of keratin, and these
corneocytes show coval ent bonding both to extracellul ar

l[ipids and to intracellular keratins. So, this is another
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target for our therapeutic nodalities.

In the viable epiderm s, we have a nunber of
cells, suprabasal cells, granular cells, and the basa
cells, also nelanocytes, a very special target, and if you
were treating with a depignenting agent such as azel aic
acid, you're really interested in hitting the nel anocyte
and m ssing these other cells. The Langerhans cell is an
antigen producing cell and a very inportant cell within the
epiderms. The viable epiderm s also contains variable
nunbers of | ynphocytes.

The papillary derms is quite rich. It
contains fibroblast, mast cells, endothelial cells,
| ymphocytes, and each of these cells represents a specific
target in specific diseases.

Now, many peopl e have attenpted to identify and
develop in vitro neasurenents of various conpounds on cel
types. For instance, in the corneocytes, function should
not -- that's a msprint there. In corneocytes chol esterol
synt hesis and hydrol ysis of chol esterol sulfate has been
measured. Fatty acid synthesis has been exam ned as well
as ceram d synthesi s.

I n keratinocytes there are a nunber of things
that can be neasured ex vivo. Structural protein

synthesis. There are a variety of keratins that appear in
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varying situations, and these are site-specific. Several
of the keratins are present in basal cells. A different
profile of keratin synthesis occurs in the suprabasal ar
ar ea.

The basal cells divide. They also produce
proteases as well as collagenases, and interestingly the
keratinocyte synthesizes collagens that are ultimtely
found in the derms. Integrins are synthesized by the
keratinocyte, and keratinocytes undergo an interesting
programmed cell death call ed apoptosis.

Fi br obl asts al so produce proteases, structural
proteins, and integrins.

Endot helial cells produce a variety of
integrins and al so show a programred cell death called
apopt osi s.

Mononucl ear cells are of several types and
they're found in the derms and epiderms. Interesting
assays have been devel oped by a nunber of people show ng
t hat gl ucocorticoids can inhibit the production of
cyt oki nes by nononuclear cells. This has been a very, very
powerful way to predict efficacy of steroids. Mnonuclear
cells also synthesize integrins and show apopt osi s.

W'll have little to say today about

mel anocytes, but this is a very specialized cell which is
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i nvolved in nelanin synthesis, nelanosone formation, and
nmel anosone transfer into adjacent keratinocyte.

The Langerhans cell is primarily involved in
antigen presentation. It plays an enornously inportant
role in many skin di seases.

Skin stripping has been raised as a possibility
of | earning sonething about the kinetics of drugs in a very
regul ated way. The question is, what can we |earn through
skin stripping, through corneocyte harvesting? What
vari abl es does the stripping itself introduce? And should
the sane site or should a different site be stripped at
intervals followng the application? And I'Il show this in
nmy |ast slide.

If one is to consider tape stripping for
der mat ophar macoki neti cs, then the considerati ons woul d be
skin site application, the application of the drug. Al of
t hese obvi ously woul d have to be highly standardi zed. The
site would have to be cl eaned after application of the
drug, and then the corneocytes would need to be stripped in
a very reproduci bl e way.

Now, the question is, if there are to be
successive strippings, should the sane site or should
different sites be stripped? |If you |look at this cartoon,

this upper group would be stripping the sane site, and | ook
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at the bold as the material, and this is all fanciful. But
the material is noving down into the stratum corneum at the
sane time as the stratumcorneumis being stripped. Each
stripping changes the characteristic of the stratum
cor neum

On the other hand, if you strip different
sites, then this is site A it's stripped, site Bis
stripped as the material noves down further and further
into the stratum corneum So, the wave of the drug woul d
be nmoving down toward the derm s

In the last slide, I'd Iike to show you an
experinment that | did many years ago and did not publish.
| was | ooking for the hypercal cem c effect seen in squanous
carcinoma, and in order to produce this hypercal cemc
effect, which obviously was of some clinical relevance, we
needed to have an animal that could reproducibly devel op
squanous carcinonmas. The way we did that had been
est abl i shed probably 20 years before, and DVBA was applied
in acetone, and after a certain nunber of weeks papillonas
appear and then carci nomas appear.

Well, the part of the experinent that we did
was to add the DMBA in DVBO, and at the end of about two
nmont hs, the technician told nme that the mce | ooked really

pretty good, that not nmuch was happening. | thought that
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was peculiar, that maybe | should go back to the
instructions and do it the way that the book said to do it.
And so | did the DVBA in acetone and in four weeks there
were papillomas and in ei ght weeks there were cancers.

Vll, at that tinme this was sinply an
i npedi ment to the experinent and | paid no attention to it,
but clearly | |earned sonmething very inportant about
pernmeation at that point, and that is that if you want to
do sonething to the epiderms or if you want to do
sonething to the skin, you have to deliver the agent to the
skin and not facilitate the penetration of the agent
t hrough the skin. [I'msure, although we didn't neasure it,
that the DMBA in this set of animals was in the urine in
hours. In this case it was in the skin for a |ong period
of tine.

Well, these are sone of the structural and
anat om cal considerations for pharmacokinetics in the skin.
It evolved quite differently fromgut. Please renenber
that skin evolved in order to keep everything out that was
al ready on the outside and everything that's on the inside
the skin attenpts to keep in. On the other hand, the gut
sel ectively absorbs what it w shes, and so we're dealing
with two entirely different physiol ogical systens.

Thank you.
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DR. SHAH. |'d now request Professor Hans
Schaefer to nake a presentation on the
der mat ophar macoki netic principles as it applies to the
bi oequi val ency of topical drug products.

DR. SCHAEFER  First of all, I'd |ike to thank
you for the invitation. M affiliationis |I'm Scientific
Director of L'Oreal. There is a dernmatol ogical conpany
affiliated to L'Oeal which is Galderma. 1've no in-line
responsibility in respect to dermatol ogi cal products.

Vi nod, thank you very nmuch for letting ne cone.
"1l try to be very short, very brief, and I'mvery
grateful to Howard and to Joe for setting the stage so |
can rush on and go into the details.

As Dr. Maibach and Dr. McGuire pointed out,
there are different conpartnents in the skin. You see the
horny layer barrier inred in a very sinplified draft. You
see the different targets which are horny |ayer, epiderms,
derm's, bl ood vessels, sebaceous gland. Please keep this
all the tinme in mnd when we are tal king about
der mat ophar macoki neti cs.

For the skin holds what hol ds for general
phar macoki netics, that is the Bateman function, that is,
influx, elimnation, and taken all together, this is the

concentration at the target site. As to timng, normally



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

24

112
in general, in normal skin the peak for any kind of
conpound, with few exceptions, is at 6 hours, in diseased
skin at 1 hour. There's a distinct difference between
ki netics in nornmal and di seased skin.

This slide shows all the secrets of barrier
function. It is as sinple as that. |If you take subsequent
strippings, that is, in other words, you apply a
preparation on the skin, after a given tinme, renove the
surplus, and then take the horny |layer |ayers away one by
one by applying tape strip and then analyzing what is in
this tape, then you find invariably this kind of kinetic,
that is, high concentrations at the upper side, |ow
concentrations at the |ower side, and there is always a
gradient of 1 and a half to 2 orders of magnitude.

Every single |layer protects the body by a
factor. Half, half, half, half, half, is let through in a
very | ow percentage. So, you have here in the upper parts
a reservoir, and the whole horny layer is the barrier, the
two correspondi ng paraneters.

Now, in respect to stripping, we have done
numer ous experinments w th nunmerous conpounds, and you see
here quite different conpounds with different perneation
ki netics through the skin, |ikew se benzoic acid which has

t he hi ghest penetration rate in different concentrations,
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and so on and so on. It's only to show you that we have
i nvestigated quite a nunber of compounds, and we have found
in all these conpounds that there's a straightforward
correl ati on between nanonol es of conpound in the stratum
corneumin ani mals and what goes into and through the
animal in 4 days. This is perneation through the skin. A
strong correlation when you strip after 30 m nutes.

Now, what is the target? As it has been said,
the target is not a system c conpartnment. This target is
the skin. So, in the past we did the follow ng. W
appl i ed radi ol abel ed conpound to vol unteers, then took
bi opsi es, then sliced the biopsies subsequently, and
anal yzed slice by slice the concentrations in respect to
different concentrations applied, in respect to different
vehicles, in respect to different tim ng.

Agai n, you always invariably end up with this
kinetic, that is, in the epiderm s, high concentrations.

In the derms, here is the vascular bed at this |evel,
| oner concentrations and | ow concentrations in the | ow
derm s.

This is retinoic acid. Please keep this in
mnd. W did at that tinme always the sane kind of
experinments: first strip the horny |ayer away, then do a

bi opsy, then neasure the concentrations in the skin.
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This is very bold, but you have to keep it in
mnd. It's a fact.

The pivotal process is the distribution of a
conmpound fromthe surface into the horny layer. It's there
where it all happens because, as Howard said, as Joe said,

t he subsequent process, the diffusion through the epiderms
is faster by orders of magnitude than the distribution in
the horny layer, and the diffusion fromthe epiderms into
the bl ood vessels is by orders of magnitude faster than the
entry into the epiderms. So, this is the tinme-limting

pr ocess.

This is obvious to us. | hope this will becone
obvious to you, that the kinetics depend on the |iberation
fromthe vehicle. As | said, the vehicle does not
acconpany a given drug through the horny layer. It
acconpanies to the upper layers of the horny |layer and then
IS separation because imgi ne that you have an open 1
percent concentration of a corticosteroid in a vehicle,
paired to an acconpanied effect, that is, the vehicle would
go together, then as nuch vehicle should enter as
corticosteroid. That would be a ratio of 1 to 1,000
because you have a 1,000-fold vehicle relative to the
corticosteroid, which is obviously not the fact.

This is obvious but it has to be said again and
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again. |It's at the target site and it's the tinme ratio
bet ween presence and flux through the skin, which is
inportant for the therapeutic activity.

Now we cone to the real thing. |nmagine that
you apply hydrocortisone at different concentrations, a
|l ogarithmc scale, to the horny layer and strip the horny
| ayer away. That's what you find.

| magi ne a second set of experinents where you
strip the horny layer away first, then applied the drug,
the sane drug, to the naked skin surface. That's what you
find, a difference of 100-fold which clearly denonstrates
the retarding effect, the barrier effect of the horny
| ayer, and which clearly denonstrates the dose-
phar macoki netic rel ati onshi p because they are practically
parallel, as you see, with m nor differences.

However, there is not always a straightforward
concentration/ pharmacoki netic relationship. This is again
hydrocortisone on a logarithm c scale, and you see that at
hi gher concentrations the curve is lowering. Here is in
conparison the curve relative to the denuded skin, that is,
wi t hout horny layer. You see again the scale. |It's a 100-
fold difference.

Now, here we did vasoconstriction, and you see

t hat vasoconstriction up to here was predictive of the
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concentrations in the skin. Fromup here at higher
concentration, it wasn't anynore. |In other words, in this
case pharmacokinetics are nore precise than
phar macodynam cs. Wether they are relevant or not for a
gi ven case i s another question. However, what you can say,
as long as you stay with this range, then yes, that's
perfect parallelismbetween the one and the ot her.

So, there is a clear-cut, though not always
linear correlation between the concentration of the
corticosteroid at the target site and vasoconstriction,
that is, between pharmacoki netic and phar macodynam c
par aneters.

Here is an exanpl e which has been done in
col | aboration with Vinod Shah and with Lynn Pershing, who
is here. W investigated wth different paraneters two
different corticosteroids, and you see the
vasoconstriction.

The next slide shows the stripping, and goi ng
back you see there is alnost precise parallelismbetween
the two neasurenents, which is only to say there is a
straightforward correl ati on between the |iberation and
distribution process of a given drug in the horny |ayer, as
measured by the stripping technique, and the diffusion into

the skin and into the body, as we have shown in the first
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sl i des.

So, next to neasuring the concentration profile
in different skin |ayers, and | have to enphasize the
slicing nethod cannot be a routine nmethod because it needs
radi ol abel, it needs volunteers, it needs biopsies, and you
need a nunber of biopsies. So, it's practically
unf easi bl e.

Next to this we can best follow the kinetics by
linking the stripping, that is, the concentrations in the
horny layer, by analyzing this distribution process
relative to the concentrations in the skin. So, one can
assunme that when for a given drug and two simlar
formul ations the |iberation/distribution process in the
horny layer is the sanme, the subsequent diffusion to the
target wll be the sane.

Now, the exceptions. The nost inportant
guestion we always have to ask in respect to techniques
like this: What are the borderlines? Wat are the
exceptions? W're tal king about the follicle. |Is there a
possibility that drug enters into the follicle and escapes
the stripping techni que because by the stripping technique
you take this part of the horny |ayer away, not this part.

Now, first we have to say there is down to

here, the skin is protected by a barrier too. There where
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you see the red color, there is a barrier. | think I show
this in the next slide. This is the |Iower part bel ow the
entrance of the sebaceous gland. That's the infra-

i nfundi bulum There is no normal horny |ayer. Wereas in
the acra-infundi bulum you see here the corneocytes
normal |y arranged. That is a barrier. So, it's only when
conpound entered deep into the follicle, when they are
targeted, that yes, there is a problem

So, can we assess this? Can we verify this?

Now, here is a typical case. That is,
testosterone, and you see here a peak close to where the
sebaceous gland is. Yes, testosterone is highly lipophilic
and obviously this is the slicing technique. W have
sliced it, and where we found an accunul ati on.

However, please look to the scale. It's a
| ogarithm c scale, so this accunulation, this slight
i ncrease of the concentration, is relatively insignificant
to the concentrations here in the epiderms and in the
upper derms up to here. It's only fromup here, from10
to the mnus 6 nolar, that yes, there is a difference.
Here up 10 to the mnus 5 nolar in the epiderms, no, it
doesn't play a role. So, in general you could say in this
case it doesn't really play a role.

Now here is a case where a conpound has been



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

24

119

targeted to the follicle. It has been designed on purpose
to enter into the follicle. |In fact, you see high
concentrations. This conpound is fluorescent. It is a
synthetic retinoid. It is fluorescent and in fact it

enters into the follicle and the distribution is different.
Here is a case where | wouldn't dare to say the stripping
technique predicts this. Certainly not.

So, it's only when a drug is targeted to the
| oner lunmen of the follicle that one cannot expect the
i beration/distribution process of the skin surface to be
representative.

Let's go on. These cases we can again verify
themand by a relatively sinple technique which is call the
follicular cast technique. 1In essence, what is it? It
means that you put nmagic glue on a glass slide. You press
it to the skin, leave it on the skin, and tear it off. The
upper part of the follicle comes with it. So, in fact what
we do in this case, we cut this part off and quantify what
isinthis part relative to the normal stripping technique.
Then we can tell, yes, there is a follicular targeting or,
no, there is no follicular targeting.

But keep in mnd this depends on the substance.
It depends not really on the conpound. Once you are

dealing with a conpound, a given conpound, you know whet her
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it enters into the follicle or not. |In nost cases it
won' t.

Now, since we have been tal ki ng about
corticosteroids and retinoids, |I only wanted to show you an
exanpl e of an antifungal which is a cortisol, as far as |
recall. Again, you see here the stripping, that is, the
horny layer. These are the concentrations in the horny
layer. 1It's not the other way around, but you see clearly
here's the skin surface, the horny layer, the
concentrations, again this typical |logarithm c gradient,
and here the subsequent distribution in the epiderms and
the derms, kinetics which are absolutely normal and you
see the correlation between the two of them They are
clearly linked by logarithmc functions.

Here is another extrene case which shows you
that, yes, you can distinguish. This is hydrocortisone
formulated in a |iposone formulation. Here is the norma
formul ati on of hydrocortisone, the normal distribution,
hi gh concentrations in the upper layers of the horny |ayer,
| ow concentrations in the | ower |ayer, the typica
| ogarithm c distribution epiderms and derm s.

And here is the liposone fornmulation. Quite
obvi ously the |iposones have conpl etely changed the

distribution kinetics in the horny layer. |It's distinctly
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different fromthis kinetic, and quite obviously this has
changed the distribution in the epiderm s and the derm s,
that is, at the target site too.

So, in other words, this shows that, yes, in
certain cases you can tell the difference between two
different fornmulations, and it tells too that change in
characteristics in type of formulation, of course, does not
allowwth this technique to prove bioequival ence. It
cannot be equivalent. Here we showthat it is not.

So, to cone to the conclusion in normal cases
of corticosteroids, retinoic acid, of undefinables, we have
shown that there is parallelismbetween the distribution
process, as neasured by the stripping technique, and the
subsequent concentrations at the target site in the skin.

As soon as there is a change in phase, that is,
as soon as you're dealing with solid material, you cannot
conpare the two anynore because solid material -- let's
say, part of hydrocortisone -- would be not dissolved, but
in crystalline formin the fornulation, then you have to
deal with different dissolution kinetics, with
pol ynmor phism sim |l ar problens, and you cannot conpare
them New studies would be needed. So, we are only
dealing with dissol ved conpounds when we are tal king about

the stripping technique.
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The ot her exception is that whenever conpounds
are specifically targeted -- but this is in nost cases
solid material -- to the deep follicle, then of course one
shoul d not conpare them But you can distinguish them by
t he second technique, which |I have shown, that is, the
follicular cast technique.

Com ng fromthere, the obvious question: |Is
there a distinct difference between hydrophilic and
i pophilic conmpounds? No, there isn't.

There is no class of conpounds in which you can
use the technique relative to the other class where you
cannot use it. That's not the case.

It is the physical characteristics of the
formulation and it's the targeting which nakes the
difference. 1It's not the formin itself; it's not the
conpound in itself because once you have established the
kinetics for a given conpound in a given formul ation, under
the given condition in human volunteers, then yes, to ny
experience you can conpare them

Thank you for your attention.

DR. SHAH. After hearing the different ways of
measuring the bioequival ency for a topical dosage form 1'd
i ke now slightly to consider how many bi oequival ency

studies are needed if a firmis interested in manufacturing
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nore than one strength of the product, nmeaning two or three
| ower strengths.

But before we go into that, as in the norning
we made sonme conparisons between the orally adm nistered
drugs and the topicals, I1'd like to bring to the attention
of the commttee nenbers that as far as the oral drugs are
concerned, oral immedi ate rel ease drug products, the
bi oequi val ency studi es are conducted at the highest
strength level, and all the |ower strength products are
approved based on the conposition simlarities and the
di ssol ution profiles.

So, I'"'mtrying to take a sim |l ar approach, even
t hough there are drastic differences between the topicals
and the dermatol ogi cal drug products, that can we use the
sane approach, |like have the bioequival ence studies for the
hi ghest strength and then approval of the | ower strengths
made fromthe conposition simlarity and in vitro drug
rel ease? That is the question that we have.

In order to do that, we have to nake sone
assunptions and certain requirenments, the assunptions being
that the fornulations, the two strengths, differ only in
the concentration of the active ingredient and there is no
di fference in manufacturing process and type of equi pnent

used between the two strengths. As you recall, for the
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topi cal drug products, the active ingredients, the anount
i s sonewhere between .05 percent or .001 percent, very,
very | ow concentrations.

So, here what we are indicating is only
differences in the small anmount of the active ingredient
and no other difference, and the requirenments being that
the reference listed drug, which is the innovator product,
is marketed at both the strengths, the higher strength as
well as the |ower strength, and the generic product, the
test product, is determned to be bioequivalent to the
i nnovat or product using the appropriate bioequival ency test
criteria.

It can be any nethod, either the
phar macodynam ¢ nethod, if the DPK nmethod is acceptable, or
the clinical nmethod, but it is found to be equival ent and
therefore the only difference would be |like a small anount
of the drug.

Now, in order to apply the in vitro rel ease
met hodol ogy, which is simlar to the drug rel ease
met hodol ogy, all the rel ease rates should be neasured under
the sane test conditions, and the in vitro release rate
shoul d be conpared between the reference product at the
hi gher and the | ower strengths and the test product at the

hi gher and the | ower strengths.
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Then you need to calculate the ratio, the
rel ease rate of the higher strength over the |l ower strength
of the reference product, and the sane thing for the | ower
strengths. Based on this conparison, if this ratiois
simlar to this ratio, then the proposal is, yes, they
coul d be given the biowaiver

To show you sone exanples, like in this
particul ar case, it was concentrations of the two steroids,
the rel ease rate of the higher strength was 45 units and
that of the lower strength in this particul ar manufacturer
was 16 right here. \Wereas, in the case of a second
manuf acturer, the two release rates were 21 and 7, but if
you conpared the release rate ratios of higher strength
over the lower strength in both the cases, it turns out to
be nearly the sane.

And that's what we are suggesting, that if the
release rates are nearly the sane in both the cases, then
maybe we can give the waiver of the |Iower strength of the
test product, that is, this particular one.

To show you one nore exanple, this is the
exanpl e of the hydrocortisone. The higher strength and the
| ower strength here has the ratio of 1.63 from one
manuf acturer. The second manufacturer, where they used

conpletely different fornul ations, which was manuf act ured
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at the University of Mchigan by Professor Flynn and others
-- even there also for the sanme strengths, the ratios of
the two strengths was about 1.63. So, what we are
suggesting again is that if this ratio is nearly the sane
as this, if we consider this as a reference product, this
being the test product, then we can give the waiver for
this | ower strength.

Now, sonme scientists say that, well, we cannot
just go by only two different strength neasurenents and say
that they're okay. W need to nmake sure that the rel ease
rate between the two strengths is |linear.

Well, we had done that. At least for one
particul ar drug, hydrocortisone, we manufactured several
different strengths and we found that both the strengths in
which we were interested, the one | showed you earlier,
they are all linear when we nmake an appropriate plot. So,
agai n, the suggestion is probably we can waive the | ower
strengt h.

So, | cone back to the two initial discussions
or the points that | would like to discuss now with the
commttee and have their opinions as to whether the DPK
nmet hodol ogy can be used for the bioequival ency
determ nations of all these different types of topical drug

products, and the second point being, can the in vitro
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rel ease test be used to grant the biowaivers?

Thank you.

DR. ZI MVERMAN:  Thank you, Dr. Shah, and thanks
to all the presenters this norning.

We're actually running behind, but we need to
have the comm ttee have the opportunity to discuss the
dermat ol ogi cal issues. So, we wll shoot for a 17-m nute
di scussion period and try to adjourn by 12:15.

So, with that, I'"'mgoing to open the floor to
gquestions to our panel here. Dr. Brazeau?

DR. BRAZEAU. | guess | mght need a little
education. | guess |I'mbothered to sone extent by the skin
stripping technique. Wen | think about assayi ng drugs,
the key assunption is that the sanpling technique isn't
going to affect the values. 1In the material that you sent
us to read, you propose to do a skin stripping over a 3-
hour period, and |I'm wondering about the inpact of the
i nfl ammatory process on this as you m ght be stimulating
cyt oki nes over that period of tine and is that going to
i npact upon those values. | don't understand that the
sanpling strategy is going to affect the val ues you get
because it seens to ne it wll.

DR. SHAH. | guess since that's an inportant

question, I'll give the opportunity for everybody to give a
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response.

But et me just say initially I knowit's scary
when everyone hears the skin stripping, but the skin
stripping is nothing but if you take scotch tape, you put
it on your armand renove it. That's the skin stripping.
When you put it at the sanme spot and renove it about 10
tinmes, 15 tinmes, each tine you renove the scotch tape, you
get a layer of the stratumcorneum Along with the stratum
corneum you al so get the drug which is enbedded inside
that. So, all those sanples are renpbved and then anal yzed.
So, that particular scenario is not traumatic that one gets
worried when they actually see what's happeni ng, but
w t hout knowing that, it is really scary.

Hans?

DR. SCHAEFER  The stripping itself takes no
nore than 10 to 15 mnutes. |It's after 3 hours or after 6
hours or after 24 hours, nost normally after 30 m nutes
that you strip the horny layer away. W take normally 10
strippings in order to quantify. W don't need nore
stripping filnms in order to do a quantitative analysis. It
takes at least 50 strips to provoke an inflammatory
reaction. So, inthis sense too, | would say it's a
noni nvasi ve nethod. There wouldn't be any i mmedi ate

i nfl uence of an inflammuatory process on the techni que
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itself.

DR ZI MVMERVAN: | have a question about
anal ytical nmethods. Presumably one is developing this
techni que so that we don't have to use radi ol abel ed
conpounds. But it seens to ne that you're going to be
dealing with very low levels and | ow anobunts, and trying to
guantitate these amounts in these skin strips mght be
difficult.

Secondl y, you have to have an extraction
procedure. | assune you dissolve the tape or whatever and
you need an appropriate extraction procedure.

So, are the analytical i1issues sort of rate
limting?

DR. SHAH. To start with, yes. But right now
it is very sinple. W have done at |east about 10 to 12
different drugs, 6 different glucocorticoids, antivirals,
antifungals, and retinoids. You take about 10 strips. You
extract it in an organic solvent that extracts the drug and
maybe sonme of the junk also along with the glue and all.

But then you do the further extraction and you inject it
straight into the HPLC

Yes, | would agree with your comment earlier
that, no, we don't want any radioactivity because what we

are conparing is the two fornul ati ons, the test
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formul ation, the reference fornulation, and there is no
radi oactivity or nothing. |It's the direct conparison of
the two narketed or to-be-narketed dosage forns.

DR ZI MVERVAN:  Dr. Byrn?

DR. BYRN:. Two questions. They're really a
little bit questions about your questions. Ckay?

Nunmber 2, can in vitro drug rel ease be used for
granting a biowaiver for |ower strength? Wat the issue
there is -- well, maybe you could say, but mnmy understandi ng
of what the proposal is is that you would conpare the rate
of release of two drug products that were the sane, if |
coul d use one of Roger's words, except for concentration in
sone in vitro test, and then if they both passed and were
correlated, then you would not need to do a BE study of the
| oner dose product. |Is that the proposal ?

DR. SHAH. R ght, exactly, because again sone
of the requirenents, as | identified, if there is
absolutely no difference between the two strengths except
the smal |l er amount, .1 percent or .05 percent of the active
ingredient. Oherwise there is no difference.

DR. BYRN.: Now, would the active be in solution
in both of those or could it be partially in solution and
partially in solid? |Is that an area of variability? Do

you see what |'m sayi ng?
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DR. SHAH. Yes, | do see that. It could be
either. It could be conpletely in solution or it could be
t he ot her way around because again here what we are doing
is we are nmaking a simlar conparison between the reference
product. The reference product also has a simlar ratio.
The Ris the reference product. The T is the test product.
So, what ever was happening with the reference product which
went into the clinical studies and which is now approved,
now we have the anchor between the two hi gher strengths,
the reference higher strength and the test higher strength,
and we think that we do not need to be nore concerned about
t hat .

DR. BYRN:. Now, what I'ma little worried about
is solubility, let's say, of a corticosteroid in the
formulation. 1If you have a | ower anmount of corticosteroid
in the sane amobunt of fornulation and the proportion in
solution | think would be higher, right, in the | ow dose
formul ati on? That m ght be nore bioavailable in that --
the anobunt in solution. So, there nay be -- you see what
| ' m saying? There may have to be a cal culation done. |'m
not really that concerned with the idea, but you nay have
to do sone correcting.

DR. SHAH. The chem cal cal cul ations fromthe

equations and all have been done along wth Professor
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Fl ynn.

3

BYRN: Ckay. So, that's all corrected for.

3

SHAH: Right.

DR. BYRN. (Ckay.

The second question is about nunmber 1, and |I'm
newto this so l'mvery naive in this area. W know t hat
if the infectionis in the follicle, that it my not --
let's say that if there is an infection in the follicle,
that the way the drug gets to that infection would be
different fromthe way it gets to an infection in other
parts of the skin. |Is that a factor related to question
nunber 1? Do you see what |'m saying?

DR. SHAH. Yes, that's a factor and that's what
| would really like to discuss. Mybe | can request
Prof essor Schaefer to really give sone nore coments on
that. Hans?

DR. SCHAEFER  Wen there is an infection,

i ncluding an inflammation, then normally the follicle is
cl osed. The drug has to bypass the normal horny | ayer
sideways in order to enter into the infected area. The
i kelihood that a drug then enters directly into the
follicle through the roof of a pinple is very | ow because
you have to deal with a lot of material in the infected

area, in the inflamed area relative to the non-infl aned
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ar ea.

When we are dealing with another scenario, that
is, | would say al nost prevention of hyperkeratinization in
acne in order to prevent over a |long period the process,

t he pat hol ogi cal process, in acne, things are different.
Then we would have to look into it, but as | said, we can
ook into this in specific cases.

However, up to now to ny experience, the cases
where you see accunulation in the follicles in the | ower
part are very rare. 1In fact, we have seen it once, and in
the other case it was ainmed to reach the hair follicles.

So, it's not inpossible. [It's not excluded.

But still to ny experience, the distribution
process in the horny |ayer takes place anyway and in ny
book it's indicative for what happens in the follicle too
because there you have a rel ease process in situ of a given
conmpound fromthe fornmulation to horny material anyway.

So, to ny mnd there shouldn't be nuch difference. That's
what can be said about this knowi ng that this has not been
investigated in that.

DR. BYRN. Just one | ast question, Chairnman,
and 1'Il let other people.

One idea. First | thought maybe we shoul d have

sonme kind of decision tree like is the follicle open or
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closed -- you see what |'m saying -- and then nake
decisions. But then | heard at the end I think you were
saying nost of the tine this isn't an issue anyway. So,
don't know whet her we need a decision tree.

But one approach to sonme of these questions
m ght be to try to have sone kind of decision tree to rule
out certain cases and then apply it.

DR. SCHAEFER: May | add one aspect? |If either
the innovator or the generic clainms targeting to the
follicle and has shown it and specific activity that is a
split between inflammtory action on the epiderm s and
activity in the follicle, which would be typical for
retinoids, then yes, you better ask the question of whether
this is suitable. But apart fromthat, for nost
dermat ol ogi cal indications, no, | wuld say it nakes no
di fference.

DR ZI MVMERVAN.  Dr. MCuire?

DR MGQU RE: | was thinking about sone studies
that were done a few years ago show ng retention of benzoyl
peroxide in the follicle and the benzoyl peroxide did not
arrive in the follicle through the stratum corneum It
went directly inthe follicle. Wat |I'msaying is that we
have a lot of targets in the epiderm s and sone of those

targets are going to be reached through stratum corneum and
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sone are probably going to be reached directly through the
pi | osebaceous appar at us.

DR. SCHAEFER: That's the typical case, Joe.
This is benzoyl peroxide in a non-dissolved formin a
suspensi on and as a wash which is applied short-termto the
skin, and then in fact you find, surprisingly enough,
entrance of particles deep into the follicle and
distribution fromthere. This is one of the exceptions,
yes, clearly.

So, that's why | said at the end of ny
present ati on whenever it cones up to solid material, half
di ssolved or dissolved to a certain extent, then we have to
take care. There is no clear-cut proof that then this
met hod can be appli ed.

DR ZI MVERMAN:  Dr. Branch?

DR. BRANCH One of the statenments you were
maki ng earlier on was the nature of the vehicle was not
really inportant. It was just the anmount of drug that you
wer e conpari ng.

But the data you showed with the |iposonal
preparation | thought was fascinating in that it |ooked as
t hough the kinetics, once you have got that initial
absorption, was different in the deep part. It inplies

that the drug and the |iposone actually travels right
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through the skin. So, it sort of questions your primary
assunption that your vehicle is not an inportant conponent
in ternms of |ooking at bioequival ence.

How confident are you that the vehicle and
what ever you're trying to dissolve it in -- it's a point
that was raised a little earlier -- the matrix that your
drug is presented could be a key factor in addition to the
concentration. That's one question.

The second --

DR. SCHAEFER May | answer it imediately? |
obvi ously nmade nyself m sunderstood. The vehicle is of
ut nost i nportance. There nust have sonet hing gone wr ong.
| didn't want to say that the vehicle is of no inportance.
Quite the contrary. You have to stay in the sane class and
sane properties of the vehicle in order to be able to
conpar e bi oequi val ence.

Whenever you change the nature of the vehicle
-- 1'"lIl give you an exanple. You add salicylic acid -- you
i ncrease the anmount of propylene glycol by a factor of 2 or
simlar changes. Not conparable, clearly not. So, the
vehicle is of utnost inportance. You have to stay in the
sane class in order to conpare.

| f ever you have an influence on the properties

of the horny layer itself, on its barrier and reservoir
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function, it doesn't hold anynore. Let's be absolutely
cl ear about that.

DR. LAMBORN: You're saying that this
substitute assay would not pick up whether or not it's
bi oequi valent if in fact the vehicles were different?

DR. SCHAEFER: Yes. | would say you would find
a difference anyway.

DR. LAMBORN: That's what | would think. What
you' re tal king about you would, in fact, be able to see by
t hat assay, but that would still make that assay valid
t hen.

DR. SHAH: Yes. Wth the difference in the
vehicles, you will find that there is a difference in the
DPK nmeasurenents, and that would be reflected upon and it
wi || make the product not bioequival ent.

DR. LAMBORN. Right. So, that's the whole
point | thought, that if there is a difference, such as
vehi cl e which inpacts, then you woul d hope you woul d be
able to see that.

DR. SHAH. | think maybe the point Dr. Schaefer
was making at that time of the slide was the vehicle does
play a role as to howthe drug is released and it cones to
the surface of the skin, but then the stratum corneum takes

over and that's why you do not neasure the vehicle into the



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

24

138
stratum corneum but you neasure actually only the drug,
otherwi se there may be a thousand-fold difference in terns
of the different vehicles. | think that was the point Dr.
Schaefer was trying to get across.

DR. BRANCH: But the kinetics of the drug going
through the skin in the |iposomal preparation, once you got
deeper to the horny layer, was very different. It was as
t hough the changes are not confined just to the outside,
but the changes are going right through.

DR ZI MVERMAN:  Dr. Mayersohn?

DR. MAYERSOHN: Vi nod, how do you assess the
reliability of the nmethods currently used to neasure
rel ease rate from an oi ntnent?

DR. SHAH. Right now only the clinical study
was done for the products. There are not many generic
products except for the glucocorticoids, and for
gl ucocorticoi ds we have the pharnmacodynam ¢ neasurenents.

DR. MAYERSOHN: The question was in vitro
rel ease.

DR. SHAH (Oh.

DR. MAYERSOHN: You have an in vitro rel ease
procedure. How do you assess its reliability or
predictability?

DR. SHAH. The in vitro procedure is not a
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standard requirenent. It has becone a tool to assert the
saneness of the product between the pre-change and the
post - change product under the SUPAC-SS gui dance. So, only
when t he SUPAC-SS gui dance got finalized in |ast May we
have now the in vitro release in place.

DR. MAYERSOHN: So, you wouldn't even | ook at a
conpari son between fornul ations.

DR. SHAH: No. But | have sone data. |If
peopl e have sone tine, either now or later, to show you how
the formulation factors would be affecting the in vitro
rel ease rate.

DR. MAYERSOHN: So, you're not at a point where
you woul d even propose an in vitro rel ease rate procedure
to hel p determ ne whether or not there was a potenti al
difference in formul ations.

DR ZI MVERMAN:  They're proposing it for nunber
2, for |ower strengths.

DR. SHAH. |'mproposing it only for conparison
of the lower strength for approval of the | ower strength.

DR. MAYERSOHN: Wt hin products.

DR. SHAH. Wthin the product.

DR. MAYERSOHN: No. |I'masking can it be
applied nore globally. Can it reach the point where we're

trying to use dissolution data for all the products?
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DR. SHAH. Yes. The answer is yes.

May | have perm ssion to go on the floor, or
should | cone back?

DR. ZI MVERMAN:  You may have 30 seconds. The
commttee i s hungry.

DR. MAYERSOHN: Vinod, while you're searching,
"Il also make the sane comment | made this norning about
ani mal nodels. This seens to be an ideal situation for
devel opi ng potentially useful aninmal nodels.

DR. SHAH. This slide shows the in vitro
rel ease of about nine different manufacturers. As you can
see it -- and this is the conpositions of all the nine
di fferent manufacturers, what all the different ingredients
are. It is all taken out fromeither the |abels or the
PDR, so I'mnot disclosing any trade secrets.

But if we take a ook at it, nost of the
products fall into two categories, either this group or
this group, and that depends whether they have this
particul ar ingredient or these ingredients. You can see
that it can differentiate if there is a difference in the
formulation with the results in the release rate profiles.

DR. MAYERSOHN: Do you have any idea if this
correlates with in vivo dynam cs?

DR SHAH We have sone idea on at | east two of
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the drug products that we had studied. One was the
hydrocorti sone, which Dr. Schaefer tal ked about it. He
showed t he pharnmacokinetic profile and the pharnmacodynam c
profile. If we add the third leg of that, which is the in
vitro release or the liberation, they all are parallel wth
one another. Faster release, higher concentration in the
stratum corneum hi gher pharnmacodynam c response. There is
a rank order relationship.

Simlarly, we have done two other studies with
Dr. Stoughton and at Duke University where we had products
which differed significantly in their in vitro rel ease
profile and they were different in terns of the
phar macodynam ¢ neasurenents of betanet hasone val erate.

DR. MAYERSOHN: So, you're hopeful that you
coul d devel op a reasonably rigorous in vitro procedure that
will correlate with in vivo data.

DR SHAH: | would not go to that extent. It
wll be the sanme way as you can say for the in vitro
di ssolution aspects, and that's the reason | said that if
the in vitrois significantly different, then it's going to
give you a signal that there may be a difference in terns
of the bioavailability or the bioequival ency product. But
yes, given nore tine, nore effort, we can develop the

met hod that would be in vitro/in vivo correl ati on.
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DR. MAYERSOHN: | encourage you to do that.

DR. SHAH. Yes. Thank you.

DR. ZIMVERMAN: Dr. WIllians has, |I'msure, a
short comrent that he would |ike to nmake.

DR. WLLIAMS: Well, 1'll be very brief.
think Dr. Mayersohn is getting to a very critical point for
us, and it depends on how you | ook at the question.
woul d say our view now of in vitro release is it's a signa
of inequival ence, but we feel unconfortable using it as a
test of equivalence. Now, | think with some further
studi es, sone further research, we could nove in the
direction you're tal king about. Again, | like to think of
the test in vitro as sort of a canary in the mne so that
if you don't see any problem you can be assured of
clinical conparability.

So again, | think, MKke, you' re bringing to our
attention a good area of future research that we can talk
about .

DR. MAYERSOHN: Roger, | think with the
enor nous anounts of noney you're going to be saving the
United States citizenship with your procedures, sone of
t hat noney through the benevol ence of Congress will find
its way back in your pockets to support sonme of this

r esear ch.
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DR. WLLIAMS: That was not a setup comrent.

(Laughter.)

DR. MAYERSOHN: Absol utely not.

DR ZI MVERMAN:  On that very optim stic note,
think we wll break

In terns of consensus on this section, | think
we've tal ked a bit about Dr. Shah's nunber 1 question,
whet her the DPK nmethods can be used for determ nation of
bi oequi val ence for all types of products. | think that we
agree that perhaps, if there's specific targeting to the
lower follicle, perhaps DPK nay not be appropriate and we
may need to do nore work in these areas.

| think there may be still a few questions
about the in vitro rel ease being used for granting
bi owai vers for | ower strengths based on sonme of Dr. Byrn's
comments in the sense of if the conpound of interest, if
the drug is not in solution in the higher doses, that in
fact you may have greater free drug, if you will, as a
percentage in the | ower doses. That may be sonething that
needs to be | ooked at.

Are there other consensus? Dr. Lanborn?

DR. LAMBORN: | just want to clarify. So, what
you're saying is these are the things we have consensus on.

It does not inply consensus in the other direction. |I'm
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| ooki ng at nunmber 1. Can we use these? And we're not
sayi ng, yes, you can except for this.
DR. ZI MVERMAN:  Ri ght.

DR. LAMBORN. We're sinply saying do not use

DR ZI MVMERVAN: W' re saying that there may be
a -- fromwhat |I'mhearing, there may be a question as to
whet her that is appropriate for that --

DR. LAMBORN. But isn't there still also a
question with regard to the others? | didn't hear enough
di scussion that we had all said we agreed that in all other
cases there was not a problem

DR ZI MVERMAN:  That's what |'m asking. This
is the only one I've heard that there may be a probl em
with.

DR. MAYERSOHN: Cheryl, what is handout from
Met zl er, Sources of Variation? D d we talk about that?

DR ZI MVERMAN:  No, we did not. Oh, apparently
not yet. W may be tal king about it l|ater.

DR. MAYERSOHN: Ckay.

DR ZIMVERVAN.  Wth that, we will stop for
lunch, and we will reconvene at 1:15. Thank you.

(Wher eupon, at 12:25 p.m, the commttee was

recessed, to reconvene at 1:15 p.m, this sanme day.)
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AFTERNOON SESSI ON
(1:31: p.m)

DR. ZI MVERMAN:  Ladi es and gentl enen, | think
we'll get started for the afternoon.

W wi Il now begin an open hearing wth speakers
who have regi stered ahead of tine. They will each be given
15 mnutes to speak. Qur first speaker is Dr. Carl Metzler
wi th Nutwood Associates. Dr. Metzler?

DR. METZLER: As you try to hel p the agency
answer the two questions that Dr. Shah addressed to you,
sooner or |later you're going to have to | ook at the
variability in these netrics, and it may even be that by

| ooking at variability in the nmetrics, it will help you to
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answer the questions.

| want to talk this afternoon about the sources
of variation in the tape stripping assay only.

Now, it's my opinion -- and | recognize there
are sone differences out there -- in the last 20 years
we' ve done very good, very well, done a good job, with oral
bi oequi val ence testing. | would be hopeful that as we nove
into the bioequival ence of other dosage forns, such as
topi cal and inhal ation, sone of what we have learned in the
| ast 20 years can be carried forward to help us with that.
Dr. Shah sort of alluded to this this norning when he
tal ked about the | ower strength problem

The data |"'mgoing to tal k about was generated
in the Dermatopharmacol ogy Laboratory at Little Rock, and
both they and | are paid by ALPHARVA. So, it |ays out ny
bi ases that you can eval uate accordingly.

| went to ny database and drew out not at
random but haphazardly the data for two individuals, one of
whi ch was the classic oral dosing formand one of which was
tape stripping. On this overhead, the blue is tape
stripping and topical. The red is oral where you have
sanpl es of plasma. You have two scal es of course because
in the classical oral we | ooked at concentrations in those

pl asma sanples, and in the tape stripping you | ook at the
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anount of drug recovered.

| fudged the tine scale to nmake it cone out the
sane. The tape stripping in this case was over 3 days, or
72 hours, and the oral was over 12 hours.

But you see you sort of suggest there that
t hose neasures we | ooked at wwth the oral dosage forns,
area under the curve and Crax, can al so be useful netrics
with the tape stripping.

Now, this is one possible |layout for a tape
stripping study. An individual has two arns, right and
left. On the arns you have the sides which I call the
thunb side and the little digit, but the professionals cal
|ateral and nedial. Then on each side, you have assi gnnent
of sites for stripping fromthe el bow down to the wi st,
and it's possible to get as many as 16 on one i ndividual .
| f you can get that many on that, it seens possible you
could divide it into two sets of 8 and put one fornul ati on
on 8, another formulation on the other 8.

| f you can do this, then of course, unlike the
oral dosing where the 1992 guidelines tal k about using the
sane individual on separate occasions, we use the sane
i ndi vi dual on one occasion and therefore we avoi d those
difficult issues of sequence effect and period effect,

those things that we don't quite know what to do with when
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we do see them

To build a statistical nodel of this, divide
t he sources of variation into two classes, the fixed and
the random An armis fixed because we only have two arns,
right and left. W're not sanpling froma big popul ation
of arnms. Likew se, side and site are fixed effects. The
random effects are subject and then certain interactions
with the subject, armof subject, side of subject, and site
of subject.

Interpretation of this would be, subject arm
for exanple, that in different subjects the difference
between arnms will have sone kind of random conponent in
addition to the right versus left. So, this is one way to
assign the sources of variability as fixed and random

The two studies I'mgoing to tal k about and
show the data fromhad this kind of |ayout. Each of them
had 6 subjects. W used both the right and left arns, of
course, both the lateral and nedial sides. Four sites were
nunbered fromelbow to wist. 22 tape strips were taken 4
hours after applying the drug, and only strips 17 to 22
were assayed. So, the first 16 were thrown away and 17 to
22 assayed.

Now, as you probably gathered fromthe

presentation this norning, there are a ot of issues in
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this question about using the tape stripping assay to
measure drug and its di sappearance and bi oavail ability and
bi oequi val ence. |1'mnot either qualified or have tine to
tal k about them So, we're going to assune this is a
reasonabl e kind of experinental |ayout and | ook at the
dat a.

Taking that data, you get these estimtes of
vari ance conponents fromthe two studies. Unfortunately
the major source of variation here is an error term which
we cannot identify the sources of error. The next biggest
IS subject. Subject and armis considerable, and then
subj ect by site.

Now, rather than spending nuch tine |ooking at
t hose nunbers, if you |l ook at the next slide, | have
graphed the sources of variability as a percent of the
total variability. So, you see error is the |argest.

Bet ween 40 and 50 percent of the variability in this tape
stripping study was an error termwe couldn't identify
because of variability. Mre than 30 percent was due to
subjects. Nowas | inplied, if we neasure two fornul ati ons
in the sanme subject, just as with the oral dosing

bi oequi val ence studi es, we can renove that source of
variability so we get a nore precise estination.

The next largest is the subject by arm and
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these other two are mnor. Subject by side, that is the
difference between the lateral and nedial, fromsubject to
subject, is probably zero. There nmay be sone site, but in
one study it was zero; in the other, small

So, just in these studies, this graph shows the
relative size of the sources of variation.

Al t hough the subject by site had a very snal
variability, there was sone evidence in both studies that
there was a trend. That is, if you look at the sites
nunbered fromthe elbowto the wist, there was trend
t here.

This is the data from subject 1, and these
straight lines are drawn by the trend option in Excel, so
don't give themtoo much credibility. But what the
statistics showed, when done with the very reliable
statistical procedure, was there was a very small, perhaps
non-significant upward trend as you go down fromthe el bow
to the wist.

So, what can we conclude just fromthese two
l[ittle studies in this one particular setup? Well,
subjects are a major source of variation and the design
should permt renoving subject effects. One way to do that
woul d be to use themtwice as we do in oral, but if you can

actually do 16 sites in a subject, you can probably renove



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

24

151
subj ect effect by studying both formulations in one
subj ect .

The subject by arminteraction is the second
maj or effect, although the arns aren't random

Subject by site is the third | argest effect,
but the sites may have a nonrandom effect.

So, what are the inplications for this for
desi gning tape stripping studies which test bioequival ence?
Well, the first is the one | nentioned several tinmes. You
want to test both fornulations sinultaneously in each
subject. Thus you renove that source of variation. You
al so have no period effect, no sequence effect.

You probably ought to random ze formulations to
arns because that was a very | arge source.

And perhaps you shoul d assign the sanpling
times to sites in a nonrandom manner.

Contrary to the inpression you may get from
many statisticians, random zation is not the El eventh
Commandnent. Random zation is very useful for renoving
bi as and ot her things, but there nmay be tines when you
don't want to random ze. What |'m suggesting is what you
may | ose by not random zi ng down these sites you will gain
in a nmuch decreased | ogistical problem You may understand

that if you' re going to apply drug to these 16 sites and
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then do the stripping that you probably don't want to go
junping around fromsite to site over tinme. |It's just
asking for errors of m stesting.

That's all | had to say. Are there any
questions fromthe commttee? | know | should use aninals,
but what's your question, M chael?

(Laughter.)

DR. MAYERSOHN: Well, no. This gives a whole
new nmeaning to the armof a study | think, Carl.

(Laughter.)

DR. MAYERSOHN: Carl, it seenmed to ne you were
nonrandom y assigning one fornmulation to one arm and then
to the other arm Is that correct? O did you divide each
armin half?

DR. METZLER  You put one formulation only on
an arm

DR. MAYERSOHN: Wy not divide that? You have
two col ums.

DR. METZLER: Well, you could. Just | think it
gi ves you a chance for nmaking errors. You could do that.

DR. MAYERSOHN: But doesn't that get rid of the
armeffect, the armformeffect?

DR. METZLER It could, right. 1'd really

defer to sonmeone who does this as to how |l ogistically
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difficult it is to do this and keep those sites absolutely
straight and separate and all that. But it's a
possibility, right. That would be another way to do it.

DR ZI MVERMAN: O her questions fromthe
comm ttee?

(No response.)

DR. ZI MVERVMAN:  Thank you.

DR. METZLER  Sure.

DR ZI MVERMAN:  Qur next speaker will be
Chri st opher Rhodes, speaking on behalf of Barr
Laboratories, |ncorporated.

DR. RHODES: Thank you very much, indeed. |
greatly appreciate the privilege of being able to speak to
you this afternoon. | am speaking to you on behalf of Barr
Labs.

The general topic that | want to talk about is
narrow t herapeutic index drugs, and I am going to focus ny
remar ks specifically onto warfarin sodi um because this is a
drug which has been the subject of nuch |ively debate. A
great deal of heat has been generated on it. |'mnot sure
if we've had much |ight.

But in your handout, | have given you the ful
text of a paper on bioequival ency that | published earlier

this year. | hope it will be of sone use, and | think that
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in particular the references at the end of the paper you
may find to be of sone help.

Now, the topic |I want to address specifically
is, are the quality attributes of the generic product
presently approved such that we can reasonably say that the
FDA and the USP standards do give us a reliable assurance
of safety and efficacy? | want to very strongly endorse
the thesis that they are, indeed, quite satisfactory.

However, having said that, as you can see on ny
next slide, | do realize that indeed, although the present
FDA st andards have not only been remarkably successful in
this country, but have al so proved to be a very usefu
nodel in other jurisdictions, certainly we should not rule
out the possibility of refining these standards. W know
that the science is changing, and certainly we should be
prepared to consider all sorts of possibilities to how we
could refine these tests.

|''mgoing to suggest to you that any change in
t he bi oequi val ency standard should only be nmade when there
is a proven scientific case for such a change. | think
that it would be very inprudent of us to be swayed by nere
fear tactics or unsubstantiated clinical anecdotes.
Certainly unless there are well-substantiated maj or

probl enms with generic products which are presently approved
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for marketing, there should be no retrospective or
retroactive changes.

| do believe it is highly inportant that any
changes to bi oequi val ency standards should be nade at the
national |evel by FDA, when appropriate, working in concert
with the United States Pharnacopeia on such matters of
potency and content uniformty.

| speak as an EU registered pharnmacist, and |
find it very sad to see that while the EU is gradually
centralizing its drug approval process quite properly in
London - -

(Laughter.)

DR. RHODES: -- while that is occurring, to see
sone what | would al nost call as pharnaceutical Johnny Rebs
trying to take the drug approval process away fromthe
national | evel

Any deci sion about the change in bioequival ency
standards shoul d be made on an individual drug basis. Each
drug stands or falls on the basis of its own
phar macoki neti ¢ and pharmacodynam c properties. It is
i nappropriate to think about noving a whole group of drugs
en nasse into some new category.

Certainly if we are going to change

bi oequi val ency standards for a particular drug, we nust be
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assured that we have equal control over the innovator's
product as we do over the generic product. Therefore, such
factors as batch-to-batch variability, potency, stability,
and so on nust be considered for both the generic and the
i nnovat or's product.

Finally, | think that the physicochem cal
classification systemthat we were tal king about this
nmor ni ng provides an excellent starting point for any
consideration as to what extent, if any, a bioequival ency
standard for any given drug should be tightened or
| oosened.

Follow ng fromthat, | would suggest to you
that the golden rule for bioequival ency standard changes
should be that if variation in the clinical response of
patients to different versions of the sane drug product is
due to the inherent nature of the drug nol ecul e per se,
rather than the drug product quality -- in other words,
rather than differences in formulation and processing
factors -- then it is counterproductive to reduce or
attenpt to reduce intra or inter-subject variability by
ti ght eni ng bi oequi val ency st andar ds.

Turning specifically to warfarin sodi um
warfarin sodiumhas a high water solubility. It dissolves

very rapidly, and therefore dissolution is not a problem



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

24

157

It has good nenbrane flux. Therefore,
absorption is not a problem

It is basically a very stable nol ecul e.
Stability is not a problem

The way the tablets are made is by dry m xi ng
of ingredients, followed by sinple, direct conpression.
Ladi es and gentlenen, this is a formulati on exercise for
PHC-101. It is very sinple, very basic. The fornmulation
and processing is robust and it yields products with
excellent quality attributes.

What about the clinical response to this
particular drug? Indeed, there is a lot of variability.

Now, |'ve chosen to take, as the standard
reference | used here anong the nunber | |ooked at, the USP
D, and the first thing we note is that the half-life of
warfarin is about 2 days. This neans that if a patient is
recei ving one dose a day and the dose is the sanme -- it's
not always the sane, by the way, but if it is, then on
average, when a patient takes their daily dose in the
nor ni ng, they already have in their bl oodstream about two
to two and a hal f doses.

Now, | want to tell you that when you | ook at
the content uniformty data for the Barr product, it is

excellent, but | also want to warn you that content
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uniformty is not especially critical for this drug because
the fact that each dose only contributes about a third of
the total anpbunt of drug in the body on any given day neans
that content uniformty is going to be less critical than
for other drugs.

Now, warfarin, according to USP DI, quote, is
an indirect acting coagul ant that prevents the formation of
active procoagulation factors. |It's an indirect acting. |
have underlined that. It is not underlined in USP D . But
there is a tine lag, a significant tinme lag, fromwhen we
get the drug to when we see the effect.

What is unusual about this drug, as |'msure
nmost of you know, is that it is very, very susceptible --
or the effect of this drug, | should say, is very
susceptible to all sorts of changes. Changes in diet can
push the prothronbin tinmes up or down. Therefore, it is
recomended that prothronmbin tines should be nonitored on
1- to 4-week intervals for the duration of treatnent.

But nost inportant, |adies and gentlenen, is
this. Wen you | ook at data taken from anti coagul ati on
clinics where they are only using the DuPont-Merck product,
they find that many of the patients drift out of control.
Now, I"'min no way suggesting that the DuPont-Merck product

is not a good product. Wat | amsaying is that it is an
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i nherent property of this drug nolecule, its conplicated
node of action, the fact that it is so very dependent upon
diet and all sorts of other factors, that it is very
difficult to keep your patients in control.

Now, |'m not going to bore you with going
through lots and lots of graphs. | have in ny time | think
seen over 600 biostudies, and after a while they all nerge
into one gray mass. But when | | ooked at the Barr
bi ostudy, | was particularly inpressed to see how very good
t he conparison was between the test and the reference
product. There are other graphs. They've got nore than
one strength. | just show this as an exanple to you.

In addition, | nust tell you that recently |
had the privilege of discussing with Dr. Joe Latelle who
has recently conpleted a clinical study in which he
conpared the Barr product with the DuPont-Merck product.
|"ve | ooked at the data. It is excellent. [It's a very,
very wel |l -designed study wwth very clear conclusions, and
i ndeed the Barr product is equally safe and effective.
understand that that clinical study will be published in a
peer-reviewed journal early next year

Thus, in conclusion, |adies and gentlenen, |
think it is very clear that for this drug, warfarin sodi um

the variation in clinical response is a function of the
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i nherent nature of the drug nol ecul e and does not refl ect
upon the product quality. The product quality, as is
determ ned by USP and FDA tests, shows that our present
standards are perfectly satisfactory.

Thank you, |adies and gentl enen.

DR. ZI MVERVMAN:  Thank you.

Are there questions fromthe commttee? Dr.
Byrn?

DR BYRN:. | don't really have a question. |
just want to nmake a comment that | think in narrow
t herapeutic index drugs we can do a |lot of analytical
studies to verify that there is a mniml batch-to-batch
variability in these drugs wth respect to all of the
attri butes such as dissolution, potency, stability, content
uniformty, and so on. This mght be a good place to start
for investigating some of these questions about saneness
because al though |I'm not an expert in bioequivalence, |'d
hate to see product variations hidden under inter-patient
variability in a bioequival ence study.

So, | think speaking as a person that's
interested in pharmaceutical processing, this is a good
area for us to work on to try to ensure excellent drug
qual ity.

And that's really all | had to say.
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DR. RHODES:. | agree very strongly indeed that
when you have a drug of this type, it is very inportant
that we do have extensive in vitro testing so, indeed, we
can find what the cause of the variability is, yes.

DR ZI MVERMAN:  Dr. Branch.

DR. BRANCH: | think in ternms of determning
saneness of drugs, there's a fairly standard approach. The
issue you're raising is that of biological variation. It
would seemto nme that if the major issue in hand is that
vari ation, then an adaptation of the design of your study
coul d show variance in the established product or variation
in response to the established product and to the generic
or the therapeutic alternative that's being introduced.

You didn't nention the design of the study of
the Barr product, but it would seemto ne that it's not
beyond the realmof ingenuity to actually directly address
your hypothesis, to denonstrate the extent of variation,
maybe even the frequency of |oss of control over tinme with
alternative products, and provide a hard data set which an
agency would be able to reviewon its own nerits for that
particular entity.

DR. RHODES: Yes. Let ne respond to that.
Firstly, the protocol used by Barr was that approved by FDA

and FDA gave approval when they saw the results of that
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st udy.

One of the issues you raised is sonething that
| have addressed in one of the papers that | reference in
the handout, and that is this, that perhaps in the future
when we're | ooki ng at possi bl e changes to bi oequi val ency
tests, we mght want to consider including sanples fromtwo
di fferent batches of both the innovator and the test
product. It's just another idea that we m ght want to
t hi nk about .

DR. ZI MVERVAN. O her questions?

(No response.)

DR. ZI MVERMAN:  Thank you.

DR. RHODES: Thank you.

DR ZI MVERVAN: W next have two speakers
speaki ng on behalf of the National Pharmaceutical Alliance,
Marvin Meyer and Lane Brunner. Even though we have two
speakers, they sill only have 15 m nutes.

DR. MEYER: | ndeed, ny sponsorship here is from
t he National Pharmaceutical Alliance. It's also of
i nterest, however, and one of the reasons I'minterested in
this topic is because, as sone of you know, there has been
alot of initiatives at a variety of states. | cone froma
state that 1'mtold in January of this year there will be

| egislation introduced that is centered in part around the
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NTI list. So, if I could have the first transparency.

| think many of you know, but perhaps not al
of you know, what the origin of this NIl list is. Back in
the m d-1980's, there was a generic scandal, which | think
nmost of you are aware of, and the FDA conpiled a |ist of
drugs and drug products that they wanted to be certain were
examned in ternms of their reliability fromgeneric
conpanies. So, | believe it was fromthe Comm ssioner's
office there was this mandate to develop this list of,
quote, inportant drugs that shouldn't be overl ooked.

Subsequently in the SUPAC- I R Gui dance, Appendi X
A, this list has been appended as drug products that shoul d
be | ooked at carefully before or even if bioequival ence
studi es shoul d be waived in response to substantial changes
in formul ation.

The bottomline to that is this |ist was never
i ntended as a negative forrmulary to be used by states to
precl ude generic substitution.

I f you haven't seen the list -- in fact, it's
in the handout that the commttee has been provided with --
there are 24 drugs onit. Wlat I'd like to do is talk
about six of those drugs that are on the narrow therapeutic
list that we've actually been involved wth testing and/or

reviewing of data. |1'll go al phabetically except | now
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shifted -- any slide will do. That's fine.

(Laughter.)

DR. MEYER The first one | want to tal k about
i s carbamazepine. That's one that's up there high
Everyone tal ks about it's a critical drug. Wth
sponsorship by the Food and Drug Adm nistration, we did a
study on carbamazepi ne, 24 subjects, |ooked at the
i nnovat or product and inportantly three generics that are
avai l able in the American market pl ace.

You can see fromthe data that the Crax val ues
were very close. Al the generics were virtually on top of
each other, slightly higher than the innovator product.

The Tmax's. The innovator was slower than the generics.
They were all very close and sonewhat nore rapid. And in
terms of AUC, all of the values were virtually on top of
each ot her again.

Usi ng the 90 percent confidence limts, they
all ranged between 80 and 125 except for one Cnhax
conpari son. That was 126. |ndeed, that would have fail ed
the upper limt of 125, but if you consider nultiple dose
use of this drug, a Crax value that's a little bit high
isn't going to have any effect on the therapy of this drug.

This is kind of an old drug but it is on the

narrow t herapeutic list. W did this study a nunber of
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years ago, | ooked at three products. These three had no
guai fenesin in them W did three others. The even
nunbered products with guai fenesin. You can see the Chax
across the marketed products of this narrow therapeutic
i ndex drug, 5 percent difference; AUC, 2 percent
difference. So, again, there didn't appear to be any real
probl em associ ated with these nmarketed products.

This is not a generic versus brand conparison
because there is no generic version of dilantin, but it's
an interesting exercise to see just how vari abl e phenytoin
is in a panel of volunteers. The interesting part about
this study is product 1 and 4 that are listed there are the
sanme lot of dilantin, and 2 and 3 are also different |ots.
So, we have three lots with one replicate adm nistration.

It 1ooks to us as though this drug product is
pretty reproduci ble. Phenytoin itself apparently is pretty
reproduci ble. Al of the Chmax values range from1.71 to
1.79, AUICs fromb53 to 54, very, very tight data. | would
submt that if a firmconmes up with a bioequival ent version
of the innovator phenytoin, that it passes the FDA, there
shoul dn't be a problemw th this narrow therapeutic index
drug.

Prim done i s another narrow therapeutic index

drug we | ooked at. W |ooked at three Iots of the
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i nnovator, two old formnulations, one new fornul ation, and a
generic version that's in the marketplace. Al of the
confidence limts for Chmax and AUC, neking all conparisons,
were within 80 to 125, and | think graphically you can see
t hese products are all superinposable.

Theophyl | i ne, anot her product that was on the
NTI list. W did this study a nunber of years ago of three
mar ket ed products, narketed dosage fornms. A 4 percent

difference in Crax, a 4 percent difference in AUC, 0 to

infinity. Again, | don't really see a reason for this
product being on the NTI list, in terns of bioavailability
anyway.

Then Dr. Rhodes showed you one slide. | have

sone supplenentary data for the four strengths of the Barr
warfarin product. | think Dr. Rhodes made a good point in
ternms of the physicochem cal characteristics of warfarin.
Look at how tight the data actually are. \What
|"ve plotted here or given in the table, test over
reference ratio as a percent, along with the confidence
l[imts, Crax for the 2 mlligrans strength, 98 percent;
2.5, 103 percent; 5 mlligrans, 103; 10 mlligranms, 102.
The AUC s range from98 to 102 for the Barr over the
innovator firm Confidence limts, worst case there was an

89 and a 110. So, the limts are very tight. This is a
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very, very tightly controlled study, a well-designed study,
and clearly in ny mnd suggests that warfarin sodi um
tablets of this particular generic brand should be
i nt erchangeabl e with the innovator conpany.

Finally, sonme conclusions. | think that we
need to communi cate and it's unfortunate that people of
Roger's status have to go around the country correcting
state boards of pharnmacy and state associations and
| egi sl ative bodies, but unfortunately he has been forced to
do that. People don't understand that when FDA publi shed
this NTlI list, it was not a negative fornmulary. It was to
trigger particular fornms of information that woul d be
requi red perhaps post-approval not preclude approving
products at the state | evel once they' ve been approved by
FDA.

There are nunerous reasons to nonitor patients
and titrate the dosage reginen that m ght trigger an NTI
classification. Included are changes in patient response,
drug-drug interactions, changes in clearance, patient
conpliance, and bioi nequi val ent products. | think there
are lots of exanples in the literature of A through D. To
nmy know edge, there are no exanples of E, bioinequival ent
products that should be titrated because of

bi oi nequi val ence. I n ny judgnent there are no well -
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docunent ed exanpl es of an inequival ent product that caused
the difficulty for an FDA rated AA or AB product that was
manuf actured i n accordance w th good manufacturing
practices.

Finally, | believe that the avail abl e data does
not support a need for FDA to nodify the present standards
for approval of drug products on the basis of
bi oequi val ence studi es whether or not they are NTI drugs.

Thank you.

DR ZI MVERMAN:  Are there questions for Dr.
Meyer ?

(No response.)

DR ZI MVERVAN:. | guess not.

DR. MEYER: | used an ani mal nodel.

(Laughter.)

DR, ZI MVERMAN:  Thank you.

Dr. Brunner?

DR. BRUNNER: Dr. Zi nmrerman, nenbers of the
commttee, thank you for the opportunity to cone and speak
bef ore you.

My nane is Lane Brunner. |'m an assistant
prof essor of pharmaceutics at the University of Texas at
Austin. M responsibilities include teaching

bi ophar maceuti cs and pharmacoki netics to graduate and



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

24

169

under graduate students, as well as being a clinical
phar macol ogy consultant to physicians and pharnaci sts.

"' m here on behalf of the National
Phar maceutical Alliance, and |I've been asked to speak about
my experiences on the national canpai gn agai nst the
substitution of generically equivalent NTI drugs. And |
will be brief.

| becane involved in the NTlI issue |ast
February when rulings were before the Texas Medical Board
of Exam ners to restrict the substitution of NTI drugs.
That action was defeated, but that was only the begi nning.

Since that initial involvenent, |'ve traveled
to various states to speak with state | egislators and
boards of pharmacy about issues of bioequival ence and
substitutability of NTlI drugs. So far |'ve been active in
Texas, Col orado, California, Wsconsin, and North Carolina.
Before you is an overhead of 22 of the states that have
ei ther pending |legislation, pending talks, or legislation
has been passed.

|"ve al so been involved at three of the
regi onal neetings of the American Association of Colleges
of Pharmacy, as well as the National Association of Boards
of Pharmacy.

At each hearing or neeting, the issue is the
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sanme: Wiat is the science behind the substitutability of
NTI drugs?

To many of us the science is sinple,
straightforward, and nearly intuitive. However, this m ght
not be the case to those who do not have a scientific
background. Unfortunately, these are the individuals who
are often responsible for creating our state | aws.

Despite the apparent sinplicity behind FDA' s
gui del i nes for bioequival ence studies, sonetines politics
cl ouds the issue.

Not surprisingly, attenpts to make the issue of
NTI drug substitution controversial have been nade by brand
conpanies wth a vested interest in preventing NTlI drug
substitution. Mst notably, this has been perpetuated by
DuPont - Merck, whet her representing thenselves or as their
front organi zation, the Health Alliance for NTI Patient
Safety.

DuPont - Merck originally began their attack on
NTI drug substitution by petitioning the FDA to stop the
approval of a generically equivalent product to their
war farin sodi um product, Coumadin. The FDA reviewed the
petition and flatly deni ed DuPont-Merck. The FDA' s
deci si on was based on the |lack of scientific evidence of a

potential national health risk.
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After this denial, DuPont-Merck began a
nati onw de state-by-state canpaign to prevent NIl generic
substitution. Since there was no clinical scientific basis
for their clainms, they decided to take the issue before a
non-scientific organization or body, that is, the state
| egislators. This is where scare tactics and fear m ght
gain support. Currently the issue has been brought before
you to those 22 different states. Thi s week al one the
i ssue is being discussed in New Jersey, Washington, and
Vi rginia.

|"mnot sure if any of you have ever tried to
expl ai n pharmacokinetic principles or statistical nethods
to a senator, but at tinmes it can be a bit of a chall enge.
So often, argunents turn political rather than remaining
scientific.

DuPont - Merck has been | obbying the state
| egi sl ators, physicians, pharmacists, and boards of
pharmacy to severely Iimt or prevent the substitution of
generically equivalent NTI drugs, specifically the warfarin
sodi um product. They continue to do this even though the
FDA has approved an AB rated, therapeutically equival ent
war farin sodi um product.

DuPont - Merck, in their |obbying effort, has

mount ed an advertising canpai gn which also calls into
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guestion the FDA's ability to approve generically
equi val ent NTI drugs. Wen the issue of NTI drug
substitution is brought before the state |egislative
bodi es, the | awmakers are told by DuPont-Merck and the NTI
Al'liance that there is a national crisis in drug therapy.
However, no scientific or clinical evidence is ever
presented. Wat is presented are anecdotal stories.

Fortunately, DuPont-Merck has only had limted
success and has been largely rejected based on their | ack
of scientific or clinical evidence of a problem but they
have been successful at eroding the public's confidence in
t he generic approval process by the FDA and have achieved
special restrictions in certain states.

The opponents of NTI drug substitution appear
to have a | ack of understandi ng regardi ng the nmethods used
by the FDA for approval of generic drugs. Wat is not
understood is that the FDA guidelines evaluates the rate
and extent of absorption. It is also not understood that
the range of 80 to 125 percent represents the range for
whi ch the nmean and the 90 percent confidence interval nust
fall. What is often quoted to |awmakers is that the two
generic NTI drugs can vary in blood concentrations by up to
45 percent, in addition that the anount of drug in a

generic can range from between 80 to 125 percent that of
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the brand. Cbviously, these are sinply not true.

Unfortunately, DuPont-Merck, the NTI Alliance,
and the respective experts continue to confuse and startle
state legislators. At present there is no scientific or
clinical evidence for changing the current FDA guidelines
for the approval of generic versions of NIl drugs. |Instead
what woul d be prudent is to increase the education and
under st andi ng of those clinicians, scientists, and even
| awmakers who may not be aware of the current FDA
gui del i nes.

As a scientist and a pharmacist, | find the
tactics used by DuPont-Merck and the NTI Alliance
reprehensible. | strongly encourage the conmttee to
reaffirmthe FDA' s approval process and to condemm efforts
to oppose the substitutability of therapeutically
equi val ent NTI generic products. W need to stop the
erosion of confidence in the FDA that is being perpetuated
now at the state |evel

Thank you for your tine.

DR. ZI MVERMAN:  Thank you, Dr. Brunner.

Are there questions, comments fromthe
commttee? Dr. Branch?

DR. BRANCH: Coul d you provi de sone sort of

sense or perspective of the power of the local state
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| egislature to actually be in conpetition with the FDA?

DR. BRUNNER: Well, to give you a little bit of
background, what was initially brought about -- I'll use
Texas as an exanple, since that's ny honme state -- is when
the FDA rejected DuPont-Merck's petition and when DuPont -
Merck started going state to state, they went to the State
of Texas with the attenpt to establish a mni-state FDA to
oversee the bioequival ence or bioavailability of this smal
group of drugs. O course, that was imedi ately rejected
because Texas doesn't need any nore | egislation in that
sense.

But what happened is they convinced one of the
state legislators that in order to increase or be aware of
patient safety, they needed to treat this group of NTI
drugs very specially. So, what happened is, because of the
| obbying effort, it got passed through one of the
comm ttees and was postponed but at the |ast m nute was put
onto a different bill and it was passed in Texas.

Now, what's currently happening is it is before
the Board of Pharnacy, as well as the Texas Medi cal
Exam ners Board, to create a list that the | aw should
pertain to. So, | believe in January they'll be neeting to
determ ne which of the NTI drugs of those 24 will be part

of the newlaws that are restricting the substitution of
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t heir products.

DR. ZI MVERVAN. O her questions?

(No response.)

DR ZI MVERMAN: | f not, thank you.

DR. BRUNNER: Thank you.

DR. ZI MVERVAN:  Now we have an opportunity to
hear sone comments fromthe general audience. DuPont-Merck
would like to clarify its position on Counadi n and generic
warfarin in response to statenents that have been nade just
now. Dr. Richard Levy, the Vice President of Regulatory
Affairs, has asked to speak, and we wll give himtwo
m nutes to comment.

DR LEVY: Yes, thank you very nuch.

Qur position is not that generic products
shoul d not be approved. W asked and submtted a citizens
petition prior to the approval of the Barr product that
i ndi vi dual bi oequi val ence be used because we think it's a
better approach. W' ve accepted the product has been
approved and that other products may be approved based on
aver age bi oequi val ence.

VWhat we' ve done at the state level is to sinply
say that things are not quite certain on an individual
patient basis, despite average bi oequi val ence or

potentially even based on i ndividual bioequival ence, and
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because there's a sinple blood test that can be done, which
is a prothronbin tinme, to determ ne whether the patient's
t herapeutic response to a substituted fornulation is the
sane as their response to the innovator fornulation, that
physi ci an should be aware at the time of switch. W have
not specifically ever asked that a product not be approved,
only that physician notification should be required.

We have not been maki ng nuch of anecdot al
reports. We are collecting information. There are sone
patients in whomthe only identifiable change has been a
change in fornmulation. There is one patient who was on
Coumadi n, then to the Barr product and back to Coumadi n,
back to Barr, and back to Coumadin. Each tinme the Barr
product was the one that was associated with a higher INR
| evel which is the neasure of the therapeutic effect of
warfarin, and in each case on Coumadin it was |lower. There
are several other cases where patients were not tried tw ce
on Barr but only once and we saw the sane thing.

So, we're not saying that there is a known
danger, that there is scientific evidence to prove that the
products are not interchangeable. Al we're saying is that
given the limtations of our ability to predict on an
i ndi vidual patient basis and the sinplicity of allow ng

physi ci ans to know and check the prothronbin tine, that
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physi ci an shoul d be nade aware.

Thank you.

DR ZI MVERMAN: Are there questions for Dr.
Levy fromthe commttee?

(No response.)

DR. ZI MVERVMAN:  Thank you.

Are there any other coments fromthe general
audi ence that you'd like to nmake to the commttee? |If so,
pl ease cone to the mke, identify yourself and your
affiliation, and you'll have two mnutes. Dr. Yacobi?

DR YACOBI: |I'm Avi Yacobi from Taro. | have
two comments.

First of all, about warfarin, | believe I
sinply would like to reiterate what Dr. Meyer said and al so
what Dr. Chris Rhodes said about warfarin. | know this
product very well, and | think the pharmacokinetic data is
so robust that individual bioequivalence wouldn't make any
difference in the final concl usion.

The ot her comment that | have is about
der mat ophar macoki netics. | think I'maware of this
met hodology. I'mfamliar with it and |I've seen a lot in
the literature. The nmethodology is sensitive, is
validatable, is specific, and | believe it's tinme to use it

for bioequival ence eval uati on.
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Thank you.

DR ZI MVMERVAN:  Any coment s?

DR. MAYERSOHN: Avi, in your |ast coment, you
wer e speaking specifically about the stripping nmethod?

DR. YACOBI: Correct.

DR ZI MVERMAN:  Are there other coments that
you would like to make to the commttee? Anybody?

(No response.)

DR ZI MVERVMAN:  Ckay. If not, then we wll be
cl osing the open public hearing and noving on to our next
t opi c.

For the remai nder of the afternoon, we wll be
heari ng about narrow t herapeutic index drugs, and the
noderator for this session will be Roger WIlians and he
will at first give us an overview of the issue. Dr.
WIlians.

DR. WLLIAVS: Well, thank you, Dr. Zi nmernman.
| would say we are noving on to another topic, but I would
al so say that the prior presentations in the open public
hearing were directly related to what I'll be tal king about
and what we will be tal king about before the conmttee in
t he next several hours. | hope the commttee will indulge
me because |'m going to be touching on a nunber of topics

that perhaps at first mght seemnot entirely connected,
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but | do think there's a deep connection to them

| mght say to the commttee that | think in
sonme ways this commttee is at a central focal point for
sonme of the topics that 1'lIl be touching on, and I think
it's a very exciting set of topics.

| think if | started out by saying | were going
to adjust the efficacy standard in the United States, that
woul d cause a vigorous debate, and actually it has caused a
vi gorous debate if you | ook at congressional |egislation
over the last few nonths.

| think today we have tal ked about changi ng our
equi val ence standards, first this norning for drugs that
are highly sol ubl e/ highly perneable. Now we're al so
tal ki ng about themin the context of popul ation and
i ndi vi dual bi oequi val ence.

| mght also start out my remarks by pointing
out to you that the draft guidance | think is in your
i nformati on package. | mght say to the audience it's also
on the Internet now, so if you don't have a copy, please
| ook on the CDER web page and you will see a draft,
tentative, prelimnary guidance that focuses on the topic
that we have di scussed before this commttee on many
occasi ons.

| enphasi ze that the docunent is draft, and the
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agency is encouraging explicitly firnms that they not apply
t he guidance now. It's explicitly stated in the preanble,
and 1'Il try to explain why that's the case.

Nonet hel ess, | am delighted that the gui dance
is available and | think it reflects sone very deep,
power ful science thought about issues and bioavailability
and bi oequi val ence. O course, you know | woul d al ways
congratul ate the working group for their efforts in getting
the gui dance as far as it has.

Now, I will nove through sone of ny overheads
qui ckly, but I wll use slides that |I have shown the
commttee on several occasions perhaps.

| think the United States overall has a
wonder ful process for assuring product quality, and many
things work to make that happen. Pioneer manufacturers,
generic manufacturers, and the agency itself have worked
together to create products in the marketplace that have |
t hink an extraordi nary high standard of quality.

It all begins in the I ND phase for the pioneer
product. There are changes post-approval for the pioneer
after manufacture that we pay attention to. There's the
period of nulti-source manufacturers, and of course we pay
close attention to that. And then for both pioneer and

generic manufacturers, there is the post-approval change
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that we watch over very carefully collectively to nake sure
that all these products still stay the sane in sone way
relative to the clinical trial material on which safety and
efficacy data were based. That brings the saneness issue
that we tal k about that the agency and the industry have
sort of a communal comm tnent to assuring sanmeness barring
i ntentional change.

| do say the tine here is a long tinme, 75 or
nore years, and it al so extends over the shelf-life of the
product. And | always say it's a daunting science and
techni cal challenge that I would say has been a princi pal
topic for this conmttee on several occasions.

Now, |I'mgoing to tal k about the change
concept, and | would hope that always the commttee would
understand nme when | say that change affects both pioneers
and generics. The whol e concept behind SUPAC was to
devel op a consistent set of recomendations that would
apply both to pioneers and generics.

It's certainly true that switching occurs here
for the pioneer product even when multi-source products are
not available. You will see in the SUPAC that at tines
SUPAC recomends a bi oequi val ence study in a post-approval
change setting.

But | would like to focus sone of ny next few
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comments on the issue of generic substitution.

As you know, the agency has worked very hard
with this conmttee and nmany ot her people to assure the
quality of nmulti-source products, and on this particular
overhead, you'll see what | would call the basic tenets,
the conceptual principles, of Hatch-Waxman which is that a
generic should generally follow the sanme quality controls
as the pioneer product with the exception that
bi oequi val ence studies, which we tal k about frequently
before this commttee, are substituted for the very
expensive preclinical and clinical safety and efficacy
studi es of the pioneer product.

Now, there have been at tinmes over the |ast
several years where | would say that the agency has had to
confront the possibility of a two-tiered quality systemfor
generics versus pioneer. | mght say that | personally
have always tried to resist that. | do not want to have a
different set of quality approaches between pioneer and
generic products.

| would also say that this conmttee at various
times has struggled wth the issue of both pharnmaceuti cal
and bi oequi val ence and we' ve tal ked about these on many
occasions. These are the two hurdles that nust be gotten

over to achi eve therapeutic equival ence.
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| mght argue that the science and technica
issues with regard to the docunentation of pharnmaceutica
equi val ence are exciting, are challenging, and I'm
delighted to see that we have very sophisticated chem sts
on the commttee who can help us with sone of these
del i berations in the com ng nonths and years.

O course, we also focus on bioequival ence, and

you' ve heard in vitro studies, pharnmacodynam ¢ studi es.

Der mat ophar macoki neti cs now i s a new approach whi ch was

di scussed earlier today. And it's all very exciting. |

m ght argue that the science of conparability is certainly
not dull for those people who think it m ght be.

Now, as you also know, the United States has
determ ned as a society that we will publish the approved
products in the Orange Book. | think this is a very
remar kabl e docunent. | keep encouraging people to read it,
and they say, Roger, are you crazy? |It's so boring. But
actually to ne it's exciting because it reflects a | ot of
sci ence thought and certainly a lot of hard work on the
part of both innovators and generi cs.

These are the criteria that you see expressed
inthe first four bullets in ternms of pharmaceuti cal
equi val ence and bi oequi val ence, but we al so nust renenber,

as one of the earlier speakers enphasized, that we insist
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on manufacturing according to good manufacturing practices
and we insist on conparable labeling. |If all those
criteria are nmet, then an oral solid dosage formin the
United States can be given an AB rating and substituted in
all 50 states according to the agency for all aspects of
safety and efficacy.

Now, with that little brief introduction, I
would now like to turn a little bit to the issue of narrow
t herapeutic index drugs because in sone ways life is
getting conplicated, and as many of ny staff remnd ne, |'m
t he one who has been conplicating it.

(Laughter.)

DR. WLLIAMS: First of all, I would like to
say to the commttee that -- and it gets back to sonething
that | said this norning, that there are safety and
efficacy considerations as well as product quality
consi derati ons.

For the nost part, | would say this discussion
focuses on product quality, and it is also certainly true
that the agency speaks to the health care community and the
patient in |abeling to speak to drugs that are defined as
narrow t herapeutic index drugs.

Now, | support this. | think it's entirely

appropriate. There are drugs for which the practitioner
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needs to take a special care in terns of dosing and
monitoring. | think we would all agree that warfarin is
one of those drugs. Notice | said drugs now and not drug
product. | think I'"mtalking about the active noiety that
creates the clinical safety and efficacy.

We actually have a CFR definition of what a
narrow t herapeutic range or index drug is, and you will see
occasionally in product labeling that a drug is defined as
a narrow t herapeutic index drug.

| mght say that definition and the criteria
for those definitions are not the business of OPS. You'l
recall this norning that | said the new drug revi ew process
is conducted out of the Ofice of Review Managenent, and
t hose judgnents about the active noiety and its safety and
efficacy, in terns of being narrow therapeutic index, would
be the responsibility of the Ofice of Review Managenent
under the direction of Dr. Lunpkin.

However, turning nowto OPS and its
responsibilities, OPS does and has concl uded that under
certain circunstances narrow therapeutic index drugs
require increased product quality, recommendations, or
requirenents.

Now, | mght argue that that's a good question

for the conmttee. |Is this appropriate? Do we want to



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

24

186
single out a category of drugs for which we would like to
say additional product quality tests are required? | don't
know if the commttee wants to discuss it today, but I
certainly think it's an excellent topic for the commttee
to discuss sonetine and | would certainly facilitate that
di scussion in any way possible.

But for whatever reason, the agency has already
taken that decision and you will hear discussion about that
decision in the context of our SUPAC approach from M.
Sporn, who's head of the Ofice of CGeneric Drugs. W did
single out drugs to be defined as narrow therapeutic index
drugs for which we wi shed additional quality controls.

There is also a conpliance policy guide that
you see on here wth that strange set of nunbers where that
is also the case.

Now, | mght also nention that in the
i ndi vi dual bi oequi val ence docunent, you will see that it's
an intent of the agency also to request that narrow
t herapeutic index drugs be singled out for an additional
| evel of quality control that I wll try to explain in just
a fewmnutes in the context of individual bioequival ence.
| would refer the commttee to page 15 of the docunent
where there's a very brief statement that we will always

scale, if we adopt individual bioequival ence, for narrow
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t her apeuti c i ndex drugs.

So, | hope it's very clear that in our product
qual ity approaches we are not speaking to the health care
community or to the patient. W are speaking to the
phar maceuti cal manufacturer and asking them under certain
circunstances to exert additional tests to assure product
quality for this category of drugs. | think that's a very
inportant distinction, and if anything, | would say we are
doing this so that we can assure the health care community
and the patient that when substitution occurs, no
addi tional precautions are necessary.

Now, | woul d enphasi ze that the agency does not
agree with the statenent of a prior speaker that you need
to test the prothronbin tinme again when you switch from one
formul ation of warfarin to another. W would not reconmend
that either for the pioneer or the generic. So, if
sonebody is started on the generic product and swtches to
t he pi oneer, we do not recomrend that they get an
addi tional prothronbin test.

W feel, as sone of the prior speakers said,
that the natural variability in the way the patients take
this drug, as well as its pharmacodynani cs and the effect
of diet and many other factors, far outweigh in terns of

variability any of the variability you m ght see that
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arises fromsw tching fromone fornulation to another.

This is also a general position of the agency,
that we do not reconmmend additional tests when any generic
or any fornmulation is switched fromone manufacturer to
anot her or during the period of exclusivity or patent
protection for a pioneer when switching occurs there. It's
a very broad principle that | think the agency stands
behind solidly and for good reason: based on our
experience and based on the level of testing that we
require.

Now, | will point out that in the |abeling of
warfarin -- and this is the |labeling for the pioneer
product Coumadin -- it does refer to the fact that it is a
narrow t herapeutic index drug. |'mdelighted that the
| abel i ng enphasi zes that it's the drug that's narrow
t herapeutic index and not the drug product.

| will point out now -- and you'll hear nore
about this fromM. Sporn -- that we do have these PAC s
that are bei ng devel oped, the post-approval change
docunents. Those are defined to control the quality of
products in the marketplace in the presence of post-
approval change. Switching occurs there for all products,
bot h pi oneer and generic.

Now, I'd like to turn nowto the fact that we
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are in the process of discussing a possible change in the
way we | ook at bioequival ence both froma netric and
statistical standpoint. | won't belabor this because |I'm
sure the commttee understands this quite well. This is
our current approach where we have the goal posts of .8 to
1.25. W log-transformthe data, and | mght remnd this
commttee that they nmade that recommendation to us, that
| og transformation occur. That decision was based on the
fact that we were primarily interested in the ratio of the
conpari son as opposed to the difference.

There's a slight levity here. You renenber |
said barring intentional change. WelIl, intentional change
inm mndis the world of new drugs, the 505(b) world. W
live sonetinmes in the world of 505(j) when we tal k about
saneness. | always encourage people who say that they've
got a better generic product to not talk to ne, to take
their product to the world of the 505(b) and have it
approved as a pi oneer new drug.

Now, as the commttee well knows, we are
engaged in a discussion about noving to a different
approach, and the different approach is exenplified in this
side of the equation which is a new criterion that is based
on a series of articles and conceptual understandings that

appeared over the |ast several years and that have been
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quite exciting to us inside the agency, and | think al so
quite exciting outside the agency, in terns of possibly
changi ng the way we do busi ness.

The entire approach is based on the concept of
prescribability and switchability, and | use this
particul ar overhead to exenplify that. Wen a patient
first visits the doctor, there may be a period of
prescribability where the dose is adjusted and titrated to
an optimal dose, and then at steady state, there is a
persistent fluctuation which should be nmaintained in the
presence of change relative to different drug products.

| think you can see down here there is the
concept now in the current U S. marketpl ace of perhaps
starting on the pioneer product, noving to one generic,
nmovi ng to anot her generic, and even noving back to the
pi oneer product.

There is also the concept of change in the
presence of post-approval change for both the pioneer
product and either of the generics.

So, you can see that | think as a society and
internms of the science and technical challenges, we have a
|l ot of work to do to assure the patient and the health care
community that all of these formulations can provide the

sanme therapeutic benefit one to another conpared.
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And you' Il see that | do not single this out
particularly as a generic problem but also a probl em both
for the pioneer product and the generic product.

Now, you wll see -- and | will not bel abor
this in terms of ny presentation now -- that we have
concepts of individual and popul ati on bi oequi val ence. |
certainly know that the commttee will read this guidance
very carefully. | hope they will resonate to many el enents
of it because those el enents have been di scussed before the
conm ttee on several occasions.

What we are tal king about in considering going
to this newcriterion is the concept of perhaps | ooking
nore closely at variance than we have in the past. You'l
see over there on the right that if I just look at this
part of the equation, it |looks very simlar to what we do
Now.

But individual bioequival ence also includes a
subj ect-by-fornul ation interaction variance term which is
sigmaD, and al so a conpari son of the w thin-individual
vari ances of the test and reference product. On top of it
all, it relates those variances and nean difference to the
wi t hi n-subj ect variance of the pioneer product.

Now, again, | won't go into all of this, but I

think the science of this approach is quite conpelling.
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What | think needs to bear further discussion is the public
health justification for the need for this equation. |
don't need to perhaps remnd the commttee, but that was
one of their main discussion points when it cane up before.
What is our justification for noving to this new approach
which is nore burdensonme fromthe standpoint of requiring
replicate study designs? You cannot get this equational
information without doing replicate study designs for the
test and reference product.

| think the burden of the justification does
fall on the agency, and we certainly willingly take up that
burden and hope to continue to nake the argunent and the
justification publicly, as well as before this commttee,

at the appropriate tines.

Now, | will say -- and perhaps |'m speaki ng now
nore to the audience -- that there was a neeting in Boston
in Novenber. Al | can say is | must have devel oped a very

thick skin after being in Washi ngton over seven years
because it was a vigorous debate, and | wouldn't say that I
came out of it in a strong position. Sonme people have
described the neeting as a train weck, and | suppose
that's a pretty accurate description.

But | will say this. | think it was a good

meeting and | think it clarified for nme sonething that was
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quite inmportant which is you can have a very abstract
scientific discussion, but it's also an inportant part of
the public process in the United States to gain the
under st andi ng and concurrence of all the stakeholders. |
cane away fromthat neeting feeling that many of the
comments directed at ne and at the agency were right on and
that we did need to build a better public process for the
debat e about noving to this new approach.

Towards that end, | think the agency has agreed
to do several things.

First of all, as we usually do, we would Iike
to forman expert conmttee. The formation of that
commttee is occurring right nowto help us with sone of
t he del i berati ons.

We are going to have a public workshop in March
of 1998 where we discuss it publicly, and there will be a
consensus report out of that workshop.

W would like to share as nuch of our data as
possi ble that fornms the basis for the justification for
this new approach. | would argue that we would like to
have a very good, high quality public discussion now about
the science and justification for nmoving towards individual
bi oequi val ence, working with all constituencies as best we

can.
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Then at the end of that process, | would |ike
to repropose the guidance as a level 1 guidance again for
public comment.

So, | think you can see that the agency wants
to take a very deliberative approach to this. W recognize
the challenge of it. At the sanme time | think we're very
convinced that it has a conpelling scientific
justification. W want to do the right thing and nove
forward in a good way. | mght argue to the conmttee that
at the appropriate tine | will certainly bring it back
before the commttee for their consideration and di scussion
as they w sh.

Now, | mght also say, before |I turn to the
i ssue of narrow therapeutic index drugs, that coupled with
t he gui dance you'll see al so popul ati on equi val ence
approaches. Those particul ar approaches are directed
specifically to the pioneer manufacturer during the |IND
phase of drug devel opnent. Popul ation equival ence
approaches do not require replicate study designs, and in
that sense we do not feel that the popul ati on approach
advocated in the guidance adds in any way particularly to
t he burden of pioneer manufacturers as they devel op new
drugs.

The primary reason for recommendi ng popul ation
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approaches during the pre-approval period for an NDA is
because it doesn't involve swtching, and if there's no
swi tching involved, there's no particular need for
i ndi vi dual bi oequival ence. | want to enphasize that, and I
don't see that position changing on the part of the agency.
It's not subject to a scientific debate. It's nore a
conceptual understanding that | think we agree on now, and
| can't imagine further discussing changing agreenent,
al though I woul d wel cone that discussion if it's
appropri ate.

But i ndividual bioequival ence does apply to
both the generic and pi oneer product in the presence of
post - approval change requiring an in vivo study. That's
al so very clearly delineated in the guidance docunent and
it certainly applies to the generic manufacturer at the
time of approval to gain market access.

Now, I'd like to turn alittle bit and perhaps
close with the issue of goal posts bioequival ence current
approaches and what it all neans for narrow therapeutic
i ndex drugs. For those on the conmttee who' ve | ooked on
page 15, you will note that it says we do not have criteria
now for narrow therapeutic index drugs, and that's
absolutely true. For that reason, the agency doesn't fee

that it can conment on which drugs to apply constant
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scaling to or not. You'll hear nore about our attenpts to
develop criteria fromDr. Balian when he speaks later on in
the course of this particular part of the session.

| want to say a little bit about our goal posts
and perhaps why we are considering scaling for certain
narrow t herapeutic index drugs. | apologize to the
commttee for going over this and | always wonder, when
say this, if I'"'mgoing to say the right words, not being a
statistician.

But essentially what we do nowin terns of
decl ari ng bioequivalence is to ask that the ratio of the
means for our bioequival ence netrics, Crax and AUC, be
within a confidence interval where the goal posts are m nus
20 percent of the reference |isted drug netric or plus 25
percent of the reference listed drug nmetric. That's a
symmetrical confidence interval on the |og scale, of
course, as the commttee knows. W ask that the confidence
interval of the observed ratio of the neans be within those
boundary points.

Now, let nme just run the commttee through
sonething that I'msure they know quite well. This is an
exanpl e of a product that neets the point estinate but
fails the confidence interval, and you can see it does so

because the nean is getting close to .8. And the
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confidence interval of the observation falls outside the
| oner goal post.

This is the converse exanple where it fails on
t he upper side.

Here's an exanple of two generic products.

This particular representation alludes to the commonpl ace
statenent in the marketplace that two generics can differ
by 40 percent. |If one is 20 percent bel ow and one is 20
percent high on the |og scale, you can inmagine two generics
could be in the marketplace differing by as much as 40
percent in either AUC or Crax.

The agency would not agree that that's a
reasonabl e possibility because the reality is as you start
to nmove closer in your point estimate to either boundaries,
t he nunber of subjects required in a study to show
bi oequi val ence increases. So, you could inmagine that a
product could be 19 percent |ower but to show equi val ence,
if that were truly the situation, it would probably take
hundreds of subjects in that bioequival ence study.

Because nost bi oequi val ence studi es have, say,
30 to 40 people in them we actually start to see people
fail the confidence intervals when they differ about 5
percent or 10 percent. Historically the agency, when it

| ooks at neans, usually sees differences of less than 5
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percent. So, the agency would not agree that it's possible
to see generics in the nmarketplace differing by as nmuch as
40 percent in their performance netrics, and in fact we
have no instances of that being the case.

This, to conclude this part of the
presentation, is an exanple of a study which in fact shows
bi oi nequi val ence. A lot of tinmes we deal with situations
where the point estimate may be very close to 1, but just
because of variability and nunbers of subjects in the
study, they haven't been able to show bi oequi val ence
according to the goal posts and the confidence interval.

Now, that leads ne to the issue of narrow
t herapeutic index drugs and why the agency woul d be
interested in narrow ng the goal posts for narrow
t herapeutic index drugs. Let ne see if | can speak to that
very briefly.

Ri ght now -- and | m ght use warfarin or
phenytoin as an exanple -- for the products we let into the
mar ket pl ace, as you heard from an earlier speaker, the
point estimate is very close to 1 for the generic relative
to the pioneer product. O course, we're delighted with
that. It neans that the generic is a fine fornmulation and
it's mmcking the performance of the pioneer in a good

way.
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However, our current goal posts would allow a
product in the marketplace to differ by, say, 10 percent or
nmore, and for that reason the question arises for these
narrow t herapeutic index drugs, should we change our goal
post approach such that that would not occur?

Now, the way we would do this, according to the
princi ples of individual bioequivalence is to let the
variability of the reference product control the goal
posts. You heard an allusion to that sonewhat indirectly
earlier today when sonebody alluded to phenytoin.

Now, let nme say, for exanple, that | think the
pi oneer product of phenytoin is a well-manufactured
product. It does show |low intra-subject variability for
both the drug substance and the drug product, and our
expectation is that that low variability, if individual
bi oequi val ence were applied, would drive the goal posts
down to, say, 90 to 111 as opposed to 80 to 125. You can
see |'musing the symmetric approach on the |og scale.

Now, why woul d that be a public health
advantage? | think it would be a public health advantage
fromthe standpoint that we would not allow products in the
mar ket pl ace, say, for warfarin to differ in their means by
12 percent. | think if you know the nonlinear kinetics of

warfarin, you can see there's a justification for that.
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don't think we would want a warfarin product where the nean
difference truly was 12 percent difference. Because of the
nonl i near kinetics, we could imagine that if it were 12
percent higher, sone patients would get in trouble.

So, the notivating concept behind al ways
scaling for a narrow therapeutic index drug, according to
the principles of individual bioequivalence, is to assure
t hat such products don't get into the marketpl ace.

Now, of course, there is a burden associ ated
with this because if the true nean difference is wthin,
say, 90 to 111, nore subjects would be needed to pass the
confidence interval boundari es.

| look forward to this discussion before the
commttee at the appropriate time. |If it occurs today,
that's fine, but that's the notivating factor or approach
or concept by saying always scale for a narrow therapeutic
i ndex drug.

Now, | mght remnd the commttee that always
scale for narrow therapeutic index drugs neans that if you
had a highly vari able narrow therapeutic index drug, you
may actually wi den the confidence intervals. Again, |
think there's a public health argunment for it and a
fairness argunent that if the innovator, the pioneer

product, even if it's a narrow therapeutic index drug,
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shows a high degree of variability, that the generics
shoul dn't thensel ves have to pass a narrower boundary than
the innovator itself would have to pass.

Fortunately, we think there are very few
i nstances of a highly variable narrow therapeutic index
drug because | think you can imgi ne the therapeutic
chal | enge of dosing such a drug woul d be consi derabl e.

Now, | want to close, and | apologize to the
Chair for going on perhaps |longer than | should have, but I
do think sone of these points are so inportant.

There's one last thing I would Iike to say and
that's this. It's critical for the agency, working with
this coommttee or other stakehol ders as appropriate, to be
able to nove to better science. | would be very disturbed
i f our discussions, as we nove to better science, as we
consider noving to better science, would sonehow be used to
attack products that are currently in the marketpl ace.
woul d not want i ndividual bioequival ence concepts that we
are tal king about nowin a very prelimnary way to be used
to suggest that any product in the marketplace, either
pi oneer or generic, is sonehow not a good product. This is
a very inportant point for the agency, and as a matter of
fact, it has been discussed in the courts and the courts

certainly endorse that.
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| mght also argue that all products -- you

know, it's true of an agency and an industry that over tine
products becone outdated in the way they' re manufact ured,
and the products that were approved 25 or 50 years ago in
this country would not perhaps be manufactured and
controlled in the sane way as they would be if they were
approved today.

| mght draw the conmttee's attention to the
fact that for both the ICH stability docunent and the | CH
impurity document, QLA and BA, it has been a particul ar
chal l enge for the agency, working with industry, to not
make those gui dances apply retroactively. [It's very
burdensone and the justification for it is difficult.

So, as | say, we always want to do better, but
it does not inply that currently avail abl e products in any
way have problens associated with them | think it's
inportant for the agency to endorse this not only for

generics but also for pioneer manufacturers.

Now, having said all that, | will turn it back
to the commttee. | guess, Dr. Zimerman, thank you very
much. | do apol ogi ze for going over, but | think you can

see there were sone very inportant things | had to get on
t he tabl e.

DR. MAYERSOHN:  Cheryl ?
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DR ZI MVERVMAN:  Dr. Mayersohn has a question
for you, Dr. WIIlians.

DR. MAYERSOHN: Roger, this isn't so much a
gquestion as a comment. | think you know early on | was
fairly skeptical about the concerns leading to the issue of
i ndi vi dual bi oequival ence, and I | ook forward to seeing the
docunentation of the problem However, | nust say that
fromny understanding of what you just said, you are taking
a very healthy view of the problem and the approach to its

solution. So, maybe being beaten up once in a while isn't

so bad.

(Laughter.)

DR. WLLIAVMS: Thank you.

DR ZI MVERMAN:  Yes, Dr. Col dberg.

DR. GOLDBERG  Roger, after the discussion we
had this norning on the BCS, | was wonderi ng whet her that

could be tied in with this rather than therapeutic range.

| think that if a drug is problematical in absorption, then
| think the need for something |ike individual

bi oequi val ence is nuch greater than if there's no question
or problemw th absorption of the drug. So, | think a tie-
in between the BCS and this would be a good approach rather
t han narrow t herapeutic wi ndow. For exanple, warfarin

doesn't seemto have any problemw th absorption, but |I'm
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sure sone of the drugs on the NTI, as well as other drugs,
may have

DR. WLLIAMS: | think it's an excellent point,
Dr. Goldberg. | mght say that | think the conmttee
probably has noticed that as we work to kind of nove away
fromwhat | call the one-size-fits-all -- you know, life is
easi er when everything is the sane, and we're going to get
caught up in challenges that we need to work together on
hopefully in a productive and positive way. | would say a
specific challenge is what you alluded to.

Now, you saw from Dr. Hussain's presentation
this nmorning that we are going to say that the
bi ophar maceutic classification would not apply to a narrow
t herapeutic index drug. Yet, at the sane tinme you heard
Dr. Rhodes point out that warfarin is a highly sol uble,
hi ghly perneabl e drug and per haps coul d be approved on the
basis of dissolution only. Now, this is what nakes life

interesting in Washington, and it's why | get a high

sal ary.

(Laughter.)

DR. WLLIAMS: So, it's a hard challenge and we
have to work together on it. | don't have an answer to it

right now, but | thank you for pointing it out.

DR ZIMVERMAN:  Well, | think we'll nove on to
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our next speaker who is Douglas Sporn who is going to talk
to us about the SUPAC approach and issues involved there.

MR, SPORN. Fortunately, because of what the
previ ous speakers have covered, ny job is going to be
relatively easy. I'mnostly going to fill in a few bl ank
spots and underline some of the things that were said
earlier. | want to talk about what is the list, just to
make sure everybody has seen it and knows what we're
tal king about. Marv Meyer already tal ked about the generic
drug scandal. | want to discuss that a little nmore. 'l
show you the regulatory definition and actually tal k about
how - -

DR ZI MVERVAN. M. Sporn, would you nove your
slide up?

MR. SPORN: Then actually tal k about the
application in the SUPAC

| haven't been here for the entire neeting
today, but |I've heard a nunber of people nention SUPAC and
" m not sure everyone knows what that stands for: scale-up
and post-approval changes. |It's a concept that Roger
coined and it basically is a series of guidances the Center
is putting out for the pharnmaceutical industry and for our
reviewers that gives our best opinion of what tests and

filing requirenents would be for various changes dependi ng
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on the dosage form As Roger nentioned, we have three that
are out now. one for immediate rel ease, one for sem -
solids, and one for nodified rel ease. And we have two or
three nore that are in the wi ngs being devel oped.

Just real quickly, this is the list. You may
not be able to read it in back. | think it is in your
handouts. This is probably the list that Marv was | ooki ng
for. | stole it at lunch

(Laughter.)

MR. SPORN: Let ne give you a little nore
background about how this canme about during the scandal
because everything Marv said is correct. You have to kind
of put yourself back at the tinme of the scandal when there
was really a national scare about what was goi ng on because
the investigations were just getting started and peopl e
really didn't know the extent of the problemin the generic
i ndustry.

Partly to get a quick snapshot of what was
going on, it was decided that FDA headquarters and the
field would do a survey of products and test them agai nst
USP and ot her standards, conpendi al and application
standards, to see if they were in conpliance or not. It
was decided this had to be done very, very fast.

There is a regulatory definition of narrow
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t herapeutic index drugs. |'Il showit to you in a m nute.
| can tell you it is not the definition that was applied.
There wasn't tinme to be that thoughtful.

What happened, Dr. Bruce Burlington, who was
head of the Ofice of Generic Drugs at that tine, basically
went to all the new drug clinical division directors and
said, give ne a |list of drugs that you' d be concerned about
if there was a probl em sonewhere out there. This was done
i ke on the back of an envel ope overnight. That's the
list. That is howit was put together.

It's just unfortunate that it has sort of taken
alife of its owmn on now, and we have people comng into ny
of fice volunteering to be declared narrow t herapeutic
because they think it will in some ways help in the world
of conpetition.

This is the regulatory definition. It sonehow
got in the CFR  You're going to hear nore about what is
going on to really define what the criteria should be. |
will say this definition and the issues associated with the
term nol ogy, and what it inplies has been discussed with
the Medical Policy Coordinating Commttee which Roger and
Bob Tenpl e head, and you'll be hearing nore about that.

Now, | just wanted to wap up by giving you a

coupl e of exanples. You' ve heard what Roger said about
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there are places in the SUPAC where we have said, okay, if
you have a narrow therapeutic index drug, you do sonething
different. In both IR and MR that nostly takes into
account a change in conmponents or conposition, things that
you would allow to be changed and then testing using
di ssolution wouldn't be allowed if it was a narrow
t herapeutic index drug, whatever that neans.

For exanple, here we have under |evel 2 and
I evel 3, which is a certain anount of change in the
exci pients of an imedi ate rel ease product. For an IR
product, we're saying if there's a change in grade or if
there's any qualitative or quantitative change in the
excipients, we're recommending that an in vivo
bi oequi val ence study be done. That's the type of
addi tional safeguards we're putting in on these SUPAC
docunents.

Probably we woul d continue to apply this once
we identify what is a true narrow therapeutic index drug,
but all that is open to reconsideration as well. | think
this is going to be a long, interesting process to really
determ ne what is the criteria, what are the products that
meet the criteria, and then decide with your help what sort
of restrictions should we put in the post-approval world to

make sure these products performas they' re supposed to.
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Thank you.

DR. ZI MVERMAN:  Are there questions fromthe
commttee? Dr. Byrn?

DR. BYRN. | had a question about the generic
drug problens of 1989 to 1994. Two kind of summary
guestions. D d all of those problens involve drugs that
were on the list? Essentially all?

MR, SPORN. No. In fact, a survey was done of
many drugs, including alnost all the ones that were on the
list, and no problemwas found.

DR. BYRN. Ckay. So, what were the main drugs
that were involved in those probl ens?

MR SPORN. It would be a long list. Don Hare
is probably out here who could answer --

DR. BYRN. Because | had heard, for exanple,
car bamazepi ne was one of them

MR, SPORN. | don't know if carbanazepi ne was
caught up. There was a problemat one tine. | don't know
if it was associated with the scandal or not.

DR. BYRN. What I'mreally curious about is,
was manuf acturing inequival ence the cause of the generic
drug problens from 1989 to 1994?

MR. SPORN. There were a nunber of things that

happened, but the bottomline was there was essentially
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fraud coonmtted. There was selective reporting,
nonr eporti ng.

DR. BYRN. And were those on lots that weren't
passi ng that were inequivalent? That was my understandi ng
but --

MR. SPORN. These products were approved based
on the assunption that the data submtted to the agency was
truthful, and in many cases it was ont truthful.

DR. BYRN. So, it really involved the
subm ssions, not passing lots --

MR, SPORN: R ght.

DR. BYRN. -- not submtting correct data. |
guess anot her way, not submtting correct data that it's
bi oequi val ent and then |l ater passing |lots that were not
equi val ent .

MR SPORN: Right.

DR. BYRN. It was actually having inequival ent
lots to start with.

MR. SPORN. I n one very notable case, the
i nnovat or was conpared agai nst the innovator, but it was
di sgui sed as being the generic firnm s application.

DR. BYRN. | guess I'mtrying to understand
nore of the background. W don't know | guess the

notivation, but in your opinion was that done because the
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particular lots that the generic conpany made woul d not
pass?

MR. SPORN. The notivation was noney.

(Laughter.)

MR, SPORN. Anytinme a bl ockbuster drug is
comng off patent, generally | think the feeling is that
the first person to get an approval is going to capture the
bi ggest share of the market. So, it is believed a nunber
of firms, in order to get there first, said this is the
qui ckest route to get FDA' s approval and really worry about
how to manufacture it later. So, in sonme cases tw sets of
books were kept.

Was there another question?

DR. BYRN. No, those were the two questions.

DR. ZI MVERVAN: O her conments, questions?

(No response.)

DR, ZI MVERVMAN:  Thank you.

| think we're going to take our afternoon
break. We will reconvene in 20 m nutes.

MR. SPORN: Can | say one other thing since one
of the speakers alluded to the Medwatch reports that had
been submitted to the agency about warfarin? That is true.
DuPont - Merck provided 26 such reports. W |ooked at al

reports like that. W take themvery seriously. There is
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a group inside CDER that is convened just to | ook at
al | eged therapeutic inequival ence cases, to anal yze them
and find out what is behind them if we can.

We have not finished | ooking at those 26, but |
can tell you prelimnarily, based on the data we provided,
we're not able to conclude because the patient was sw tched
to a generic that that was the source of the problem Now,
maybe when we dig deeper, it will conme out differently, but
that's the early indication that | have.

DR. ZI MVERVMAN:  Thank you.

(Recess.)

DR. ZI MVERVAN: Ladi es and gentlenen, we'd |ike
to get started. Qur first speaker for the afternoon wl|
be Dr. Rabi Patnai k, and he will be speaking about
i ndi vi dual bi oequi val ence.

DR. PATNAI K:  Thank you, Dr. Zi mrerman.

Dr. WIllianms has al ready set, so to speak, the
table for me, so | wll probably skip a few of the slides
which | have given to the conmttee.

The objective of ny presentation is not to
focus on the nethodol ogy of individual bioequival ence or
the concept and to discuss that, but the discussion wll be
as it pertains to drugs in general and specifically to so-

cal |l ed, quote/unquote, narrow therapeutic index drugs.
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VWhat | plan to do is to introduce a little bit
of the concept and the criteria which Dr. WIlians already
sort of briefly presented to the commttee, and then | wll
show you sone exanples of what |I'mtal king about. Then
afterwards, | will discuss what are the next steps to the
whol e i ssue of individual bioequivalence as it pertains to
drugs in general as well as to, quote/unquote, narrow
t her apeuti c i ndex drugs.

Now, for consideration for assessnent of
bi oequi val ence of drug products, what one shoul d consi der
maybe -- Dr. WIlianms has already alluded to these two
concepts of prescribability and switchability. |ndividual
bi oequi val ence is nore concerned with the switchability end
so that we can assure, when the drug products are sw tched
within one patient, safety and efficacy are assured.

The other factor that needs to be considered
maybe and inportant is reference variability which is very
i nportant when sw tching should occur.

And thirdly, to sone extent, therapeutic index
of the drug should al so be consi dered.

These are the three salient factors one should
consi der.

Now, currently we are having average

bi oequi val ence concept. You m ght have heard about it, and
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probably you have heard -- several tines these conmttee
must have gone through this subject. It focuses on the
popul ati on averages of the test and reference, but it
doesn't say anything about distribution of the netric
between the test and reference. 1In other words, we don't
know anyt hi ng about the statistical paraneters. It also
i gnores the subject-by-fornulation interaction.

The second factor is the issue of switchability
is not addressed in average bi oequival ence.

As we heard fromDr. WIlianms, one size fits
all. W have the sane standard for highly variable drugs,
for narrow therapeutic index drugs, quote/unquote, and al so
for other drugs.

The concept which I wll be just presenting as
an exanple to just explain to you the concept, it will have
nmore incentive for the generic or any drug nmanufacturer to
manuf acture | ess variable fornul ati ons.

What essentially the concept is, it has got
three conponents. One is the difference in the averages of
the two products, test and reference. This is the variable
and variance conponent. These two conponents add together,
we say that they should be | ess than sone bi oequi val ence
limt.

Now, what are those paraneters? This is the
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test and reference nean. This is the difference in the
W t hi n-subject variability of the test and reference
product, and this is the subject-by-formulation
interaction. This is the upper bioequivalence limt which
is simlar to the average bioequivalence limt which we
have currently with respect to the nean differences.

Now, when we add some variance terns to this
concept, we have a variance allowance given in the
bi oequi val ence and it is scaled to the w thin-subject
reference variability.

So, essentially we are not diverting that much
in this concept fromthe average bi oequival ence concept
except that we assune that the test variance of the wthin-
subj ect of test and reference are simlar, so it cancels
out. And there is no subject-by-fornulation interaction.
So, this is also nonexistent. So, ultimately we cone
across with an expression where we only consider the nean
di fferences.

Now, in this concept, this equation, when you
plot it, the upper limt of the bioequival ence criterion
versus the w thin-subject standard deviati on of the
reference product on a log scale, it beconmes the CV. You
get a relationship like that, that nore is the variability,

hi gher will be the upper limt. So, what happens, if the
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variability is high, one can get the bioequivalence [imt
rai sed

So, this concept was worked on by the working
group of the individual bioequival ence project. W first
t hought over that products which have a difficult product
or problematic product but shows | ower bioequival ence --
| oner w thin-subject variance will have to have stricter
goal posts. So, what the working group devel oped is that
w Il have a reference scaling of all the products whose
variability is nore than a certain specified nunber, and
bel ow that the goal post will not be reduced. It wll
remai n constant. So, sone of the drug products which show
less than -- in this case it's .2 -- wll remain as the
. 125, and those which have got nore than .2 will be scal ed
to the reference |isted drug vari ance.

So, we have two scal es but conceptually one can
think, as Dr. WIIlianms suggested, that for certain products
whi ch have got so-called narrow t herapeutic index drugs,
one can nmake it nmuch stricter for bioequival ence
assessnment. So, we are pretty sure that it will not pose
any safety risks.

But dependi ng upon what are the drugs, one has
to look at what variability it is. |If a drug which has got

high variability, intra-subject variability, but it is
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narrow t herapeutic, if we govern our policy with respect to
the intra-subject variability of the reference product,
then it has to be scaled and it m ght be w dened.

So, we are in a very prelimnary stage and we
have to | ook at various drug products. W have a very
l[imted data set to |look at. So, what we did -- sone of
you m ght have also seen this data set, but | just wanted
for the benefit of this commttee that we have very |limted
12 studi es which are having 34 data sets which have been
anal yzed using this criteria. Wiat | will do is to show
you what kind of values we got and howit really cones out
to be interesting enough.

They're all replicate design studies and nost
of them are heal thy subject and sone of them have got
target populations. They represent different dosage forns.

Just for the interest of time, I wll just |ook
at the Cmax. W have anal yzed both AUC and Crax, but |
will just show sone sel ected data anal yzed on Crax.

Now, what this is is this is the plot in order
of the I owest value. Over here is the test/reference ratio
on a log scale for the Crax. The test is nmuch lower. The
test value is much |ower than the reference which is 13-14
percent. On the right-hand side, it goes as high as 15

percent higher than the reference.
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So, we can see in 34 data sets there's a whole
ganut of values one gets in terns of the nean val ues and
the averages -- differences. So, a lot of Crax val ue, you
can see that the ratios are very close to 1. Sone of them
are, the test is higher than reference, and here the test
is lower than reference.

I n average bi oequi val ence, this is what we see,
but when you add the variance terns, the point |'m making
here is that you always assune the test variability and
reference variability, within-subject variability are
alnmost simlar. So, we shouldn't even consider it because
the subject is its own control, and also there should not
be any variability between the two fornul ati ons.

But as you can see here, here is about 50
percent |lower test variability, 50 percent |ower than the
reference, as high as about 70 percent higher than the
reference. A whole ganmut of variability differences we
have seen. This is the same thing, test/reference ratio of
the within-subject variability for Cmax.

Now, this is another term The termsigmaDis
the subject-by-forrmulation interactions. This is again
rank order fromthe | owest value to the highest value. The
statistical experts in our working group suggested that any

val ue less than .15 probably is not that inportant from
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this interaction behavior, the subject-by-fornulation
i nteraction behavior. Anything above .15 is quite
i nportant.

So, you can see out of about 9 data sets out of
34, we saw subject-by-formulation interaction nore than
.15. But this is just the observations.

Finally, which is very interesting here, it is
the within-subject variability of the reference product.
Now, it starts from about 10 percent all the way to 50
percent w thin-subject variability of the reference
pr oduct .

So, just looking at this data, if we say from
20 percent is our regulatory cutoff point fromwhich we'l]l
start scaling with respect to the reference listed product,
you can see there are a |ot of data sets in which we scale
it to the reference listed drug, w thin-subject
variability, and below .2, irrespective of whether it is
low or high, we'll keep it as constant .2.

So, the observations that we have seen that in
data sets, which is very limted, we have this variability
differences in test and reference. W have to sone extent
observed sone subject-by-fornulation interactions, and we
see that the reference variability actually ranges from 10

percent to 50 percent dependi ng upon the type of drug.
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Sone of the assunptions which we nmake for
aver age bi oequi val ence may not be true, and here we see
about 8 out of 34 data sets wi thin-subject variability,
reference nore than 20 percent, and the w thin-subject
variability ratio test/reference, you can see 50 percent
| oner than the reference to 200 percent higher than the
reference. And in 8 of 34 subject-by-fornulation
interaction, we see for AUC, and 10 out of 34 we see for
Cmax.

So, this is very limted. |1'mjust show ng
this just that the conmttee wll appreciate that with this
very limted data set, we have observed this, which is that
for narrow therapeutic index drugs we can reference scale
it to make it tighter so that if there is a concern about
safety and efficacy by using this concept.

Now, what we are saying essentially -- and Dr.
WIllians has already alluded to this fact -- is that it
addresses the correct question, this concept, which is the
switchability, and it considers the subject-by-fornmulation
interactions, which is inportant because | have sone
interaction with the two different fornulations that's not
very ideal for that subject or that patient.

Now, there will be an incentive for |ess

vari abl e drug product because the question is such that
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this test variability is lower than the reference
variability. That is nuch easier for the criteria to pass
t he bi oequi val ence testing.

The scaling nmethod which we di scussed with
respect to the reference product, it will be for both
hi ghly variable drugs, as well|l as for certain agency-
speci fied or defined narrow t herapeutic index drugs. So,
it has got the benefit of a whole diverse classes of drug,
drugs in general, but we can pay specific attention to
speci al classes of drug.

Here al so, because we are | ooking at all kinds
of intrinsic factors in the fornulation drug substance, as
well as the type of product, the way we are assessing
bi oequi val ence we can use nore common general popul ation
rather than a very fixed, healthy general popul ation. So,
it wll be easier for people to do this study.

Now here, as all of you know, yesterday it went
on the Internet and today the guidance, prelimnary rough
draft gui dance, has been published, and there will be a
Federal Register notice about the availability of this
guidance. It is available for public comment. So, we are
pl anning to get and we are hoping that we will get a | ot of
comments about this and then act on it and consider it and

reviewit. Then the working group will go through it very



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

24

222
carefully, and then we'll do whatever we can do to get it
into a nodified version.

VWhat are the next steps in this whole
devel opnment of individual bioequival ence? W have
published it, so nunber 1 is already done.

The agency has broadly shared the data
publicly, whatever data the agency has in house, how to
share the data so that people can have an appreciation who
wants to | ook at the data.

Then as Dr. WIllians alluded to the fact that
expert commttee is formng to ook into all sorts of --
the inplication of the individual bioequival ence concept
and how it should be applied. W'Il|l get a whol e gamut of
advice fromthis expert commttee.

On March 16th to 18th, a joint FDA/ AAPS
wor kshop has been schedul ed to di scuss about narrow
t herapeutic index drugs and individual bioequival ence and
that will help us to devel op public consensus.

Then afterwards, after the neeting, then the
expert commttee wll probably reconvene and offer their
recommendat i on.

Then the agency may repropose the gui dance
based on the whol e gamut of activities and then have it

again for public comments.
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Just to see the last one, this is the working
group of individual bioequivalence. Al of the working
group has worked very hard from 1992 onwards and especial ly
nmore enphatically for 1994 down to cone up with the
gui dance as well as all the analysis and devel opi ng the
concept and deciding on this scaling system W' re |ooking
forward to getting the comments from everybody.

Thank you very nuch.

DR, ZI MVERVMAN:  Thank you.

Are there questions fromthe commttee? Dr.
Mayer sohn first.

DR. MAYERSOHN: Rabi, you said there were 12
studies in the files. This represents one of thenf? What
you just presented represents one of those studies?

DR. PATNAI K: These are all 34 data sets of 12
studies. Sone of them have got nore than one anal ysis.

DR. MAYERSOHN: | see. |Is there any way to
characterize themin terns of the classification systemwe
tal ked about today?

DR. PATNAIK: Not all of themwe can do it.

For some of them we can do.

DR. MAYERSOHN: |Is there at |east a rank order

correl ati on between those that are nost troubl esonme and

classification 4 or 3 or 2? Do you understand ny question?
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DR. PATNAI K: Yes, | understand about the BCS
classification 1, 2, 3, 4.

DR MAYERSOHN:. Yes.

DR. PATNAIK: W are planning to do that and
|l ook at if there is an absorption problem For sone of the
data, we haven't |ooked at it, but I'msure that the
wor king group is going to ook at, froma BCS standpoint,
what ki nd of drugs and how they rel ate.

DR. MAYERSOHN: | woul d hope there woul d be
sone common characteristics shared by those that are nost
troubl esone that have the greatest variability, and |
encourage you to |look at them

DR. PATNAIK: Yes, but | can tell you that just
| ooking at the data sets -- because we have worked on these
data sets so nuch, | can say that sone of the data there,

t hey pass average bi oequi val ence, they pass individual
bi oequi val ence, and they're highly perneabl e/ sol ubl e drugs.

DR. MAYERSOHN: All of these conmpounds?

DR. PATNAIK: No. | can tell you a few of them
which | can recall

DR. MAYERSCHN: That are troubl esonme?

DR. PATNAI K: That are easy. They're non-
troubl esone. They can easily pass both.

DR. MAYERSOHN: And that's what you woul d have
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expect ed.
PATNAI K:  Yes.

MAYERSOHN:  Ckay.

3 3 3

ZI| MVERMAN:  Dr. Gol dber g?

DR. GOLDBERG  Dr. Patnai k, you tal k about the
agency defining NTI drugs.

DR, PATNAI K:  Yes.

DR. GOLDBERG WII| that be based upon the CFR
classification or on Dr. Burlington's list? Howis the
classification going to be done?

DR. PATNAIK: Dr. Col dberg, | cannot say
because it's all up in the air what will be the criteria,
howit will be devel oped, and the process to be foll owed,
what will be the criteria. | think really John Balian is
going to talk about it. | do not know how the whole |ist
wi |l be devel oped, by what definitions or what criteria to
be used at this tine at |east.

DR. GOLDBERG  Assum ng that the agency does
classify sonme drugs as NTl, will they require retrospective
st udi es?

DR. PATNAIK: | guess not, but I"'mnot really
in a position to tell you which are already on the market
-- that's what you nean. Those that are already on the

mar ket, whether to do another study, even the newcriteria
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on this individual bioequival ence, whatever formit takes,
to show that they are still bioequival ent by the new
met hodol ogy. Is that your question?

DR GOLDBERG  Yes.

DR. PATNAIK: | do not know. | don't think so,
but again |I'mnot the person to nmake that deci sion.

DR. GOLDBERG.  Ckay. Thank you.

DR ZI MVERMAN:  Dr. Branch?

DR. BRANCH: | got very confused as to the
mat hemati cal analysis and the |linkage to NTl. Essentially
as | heard Roger talking about it earlier, there was an
idea that with the narrow therapeutic index drugs, you
woul d al l ow the pioneer drug to set the variance, and if it
was tight, then the conpetitor would have to be equally
tight.

But what you presented was actually a variance
to upper limt relationship in which you said if it was
bel ow 20 percent variance, then it would becone fixed. It
seens to nme that what you' ve actually proposed is exactly
the opposite of what you stated. What you have proposed is
easing the criteria on any drug where the pioneer/reference
has a bi gger variance than 20 percent. |If it's tighter
than 20 percent, you're just keeping the status quo as it

is right now So, it seens to ne that the |inkage between
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this analysis and NTlI is arbitrary and nothing to do with
t hat .

Can you help clarify?

DR. PATNAIK: Yes. Probably you m sunderstood
what | said. Currently for all drugs if we apply the
i ndi vi dual bi oequi val ence criteria, irrespective of
what ever classification you have got, then what we'll have
that the working group has conme up with the concept of
constant scaling and reference scaling.

By that, what | nmean is for all drug products
as a conceptual basis, that when w thin-subject variability
is of the reference listed drug, pioneer drug, innovator
drug, is .2 or less than .2, if one uses this criteria and
the upper Iimt is controlled by the magnitude of the
W t hi n-subject variability of the reference product, then
if it isless than .2, then it will be narrowed if it is
| ess than 1.25.

So, to avoid that, the drugs which have no
probl em but they have intrinsically |ower w thin-subject
variability, there is no reason for the narrowi ng the upper
limt.

DR. BRANCH: Your point is taken. Warfarinis
a good exanpl e.

But ny point is that essentially the narrow
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t herapeutic index drugs -- we've just heard today the vast
majority of themare right down in that box which is going
to stay exactly the sanme as it is now The inplications of
what you're proposing has nothing to do with what's goi ng
be down in the bottomleft-hand corner. It has everything
to do with what's going to be in that graph that goes up on
t he opposite extension. According to what you're saying,
any drug that has a |l arge variance in the pioneer drug, you
wll be able to have wi der goal posts.

DR PATNAI K1 Yes.

DR. BRANCH: So, the focus of this initiative
has nothing to do with narrow therapeutic index drugs. It
has to do with changing the goal posts for drugs that have
i nherent variability.

DR. PATNAIK:  You wll make it nuch nore
tighter for accepting -- for determ ning bioequival ence
because now instead of the higher limt to be 1.25, you are
going to make it |ess.

DR. BRANCH But you said that that's going to
be fixed. You' re not going to change --

DR. PATNAIK: No, no. | nmean currently for the
majority of drugs that's what |'m saying, for special,
what ever the agency cones up with, a list of drugs or how

to identify certain drugs. Wether they will call it a
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narrow t herapeutic index drug or a special class of drugs |
do not know, but for special drugs which needs to pay
careful attention, they may be assessed to a | ower
bi oequi val ence standard --

DR. BRANCH But if you apply the data that we
saw for warfarin earlier today to that graph, can you
interpret what change, if any, this new analysis would
provide for that specific instance, given that the variance
that we saw was in the region of between 5 and 10 percent
in those studies?

DR. PATNAIK: If you see that -- now, if it is
| ess than 20 percent, which is over here --

DR. BRANCH: | think the data we saw earlier
t oday was around about 10 percent. So, it's the extrene
| eft-hand bar that would be represented by warfarin in that
if it was in that data set.

DR. PATNAIK: So, what will happen is that it
will probably come towards the lower than .2. What we are
saying here, irrespective of whatever it is, below .2 wll
keep it as constant but it's not going to --

DR. BRANCH: So, it will make no difference to
the narrow therapeutic index drugs, which is what | was
sayi ng.

DR PATNAI K: It nakes a difference because it
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will be [ower. The bioequivalence limt will be |ower
because we'll not constant scale it. W'Ill scale it to
what ever reference variability shows.

DR. LAMBORN. Could | ask perhaps the sane
guestion in a different way? |If | understand it, you're
saying that for the non-narrow therapeutic index you woul d
use this | ower bound, but for the narrow therapeutic index
you woul d not have a | ower bound, but would allow themto
go further down the |ine?

DR, PATNAI K:  Yes.

DR. LAMBORN. So, the solid line that you're
proposi ng there woul d not be enployed for the narrow
t herapeutic index at the I ower end. You would continue
down that |ine bel ow

DR. PATNAIK: Yes, that is the point. The
point is now for all drugs -- what is the thinking is that
for all drugs we'll have the concept to a constant scaling
as well as the reference scaling. But for certain drugs
whi ch have been identified, instead of going to this |evel,
it will be dictated by whatever w thin-subject variability
di ct at es.

DR ZI MVERVAN.  Dr. Byrn.

DR BYRN. | just wanted to go on. | was

talking earlier about not -- | think one of the goals of
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manuf acturing should be to mnimze the variation in
phar maceuti cal manufacturing. In other words, the
manuf acturing people don't want to add to the already
existing clinical variation any nore variation. So, |I'm
not sure that we shouldn't have the dotted line for al
drugs.

One of the problens you may get into from going
across with sone, say, non-narrow therapeutic index drug is
that it would reduce the incentive to control manufacturing
of the reference drug product. | think it mght ultimately
benefit the public health to put as many incentives as we
could on innovators as they're devel oping the drug and
marketing it during the period that's on their patent to
tighten up their manufacturing as nuch as possi bl e.

Now, maybe there's a decision, well, it's going
to cost nore and this inproved cost isn't gaining anything
in the public health. But to ne it seens |ike we want to
use the dotted line for all drugs. It would be an
incentive then to do the very best job we can in the
manuf acturing end and that way any variation that you're
seeing is just due to patient variation.

DR. PATNAI K: Yes, but here there are two
things. One issue is that by following the reference

listed drug variability, we becone too restrictive for
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every drug whi ch should not be that restrictive because now
we are having 1.25 which is |ike an average bi oequival ence
criteria.

DR. BYRN: Right.

DR. PATNAI K: So, nost of the drugs have no
problem Sone of the drugs are highly variable drugs which
where you see that one can maybe safely w den the goa
posts, the bioequivalence limt. For certain drugs also on
the same token a difficult drug or sonme drugs which need to
be restricted, we can reduce it.

DR. BYRN. | think you' re arguing in effect
what | said, that going along the line at 1.25 for a non-
narrow t herapeutic index drug is the nost cost effective
drug product and you're not gaining anything by staying on
the dotted |ine.

But nyself -- and | don't know how nuch we're
tal king about in cost and naybe that's a way to determ ne
it. It seens like in the perfect world, if we could build
in an incentive to manufacture the drug exactly the sane
every tinme, even a non-narrow therapeutic index, that would
be in the best interest of public health.

DR. PATNAIK: Yes. That is we're saying of the
reference listed drug having the | ess variability.

DR BYRN:. Right. I'mjust trying to argue for
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nmovi ng the concept of less variability from narrow
t herapeutic index drugs, which | very nuch favor, to al
drugs.

DR. PATNAI K: But what is happening right now,
if a product has got high variability in the reference
listed drug or the innovator drug has got high variability,
the generic or another nmulti-source product should have
either that variability or should match that variability --

DR. BYRN: Right.

DR. PATNAIK: -- so that they can show
bi oequi val ence.

But with this new concept, you can see that if
your variability of the test is |ower than the reference,
so this becones a negative value, then this is a higher
value than if it is lower than the test. So, the whole
t hi ng, keeping the rest of the thing constant, m ght have a
| oner value. It is easier for the firmwhich is conducting
this test to pass the bioequivalence limt.

So, here is a big incentive for the
manuf acturer of a nulti-source product or if they're trying
to change the fornulation to have as good a formul ation as
t hey can manuf acture.

DR. BYRN. Now, one other question. 1Is this

concept in the draft gui dance?
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PATNAI K:  Yes.
BYRN: This concept of going across?
PATNAI K:  Constantly.
BYRN. Ckay.

Z| MVERNMAN: Dr. Brazeau?

T 3 3 3 3D

BRAZEAU: |'m wondering if you would be
better off, because | think we got confused in your

nonmencl ature, if you would subdivide drugs |ike they did
with the biochem cal classification systemto maybe havi ng
different classes of drugs with narrow therapeutic w ndows,
a high variability, low variability, narrow. Because what
we were doing was getting confused in the different

nomencl ature. So, | think if you differentiate.

Now, in the study data that you showed us, |
think it would also help if you showed us which of those
drugs, or nmaybe just by colors of those graphs, of those
bars that you showed us, correspond to different types of
drugs, like you were tal king narrow t herapeutic w ndow or
hi ghly variable. Because it's hard to follow that and the
data is fromnultiple studies. You said there were sone
controls. There were sonme normals and there were sone test
subjects. | have a hard tine to interpret all that.

DR. PATNAI K: The objective was not to really

focus on the application of the data with respect to the
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narrow t herapeutic index drugs. The reason was that we
have not yet defined what should be criteria for
identifying or saying narrow therapeutic index drugs. Al
| wanted to showis that this concept of reference scaling
using this criteria could be applied if the agency chooses
to make a little bit nore stricter criteria for certain
drug products such as narrow therapeutic index drugs.

DR. BRAZEAU: Well, what we had was a
di scussion on what we were trying to talk to. Wuat do you
mean? Wen is it a highly variable drug?

DR. PATNAIK: A highly variable drug is what we
have said, generally identified as those drugs that show 30
percent or higher intra-subject variability. Several
meeti ngs, several consensus reports have showed that if
those intra-subject variability or w thin-subject
variability is nore than 30 percent, it is supposed to be a
hi ghl'y variabl e drug.

Some of the drugs which have got high first
pass usually are very variable. So, 30-40 percent wthin-
subject variability is not very fair for those type of drug
product s.

DR ZI MVERVAN: Dr. Byrn?

DR. BYRN. | had anot her question on the

meani ng of the subject-by-fornulation, the sigmaD squared,
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term

DR. PATNAI K: Okay. Do you want ne to explain
to you what it is?

DR. BYRN. Yes, would you explain? Let ne try
to explain it and you could tell nme whether you agree with
it.

Does that nean that the given patient is -- the
formul ation that they're given affects the blood |evel
significantly? 1In other words, if it's above .15, does
that nean that those drugs that have a sigmaD squared above
.15, the formulation affects the blood |evel significantly
patient by patient?

DR. PATNAIK: It is so that it is the
mani festation -- that high value is the manifestation of
the lack of congruence of the neans between test and
reference for various subjects. For exanple, just given a
perfect exanple like this, this is a reference and this is
test values for different individuals.

DR. BYRN. This is a great slide.

DR. PATNAIK: This is perfect bioequival ence.
What ever you get for the reference, you get for the test.

Now, increased bioavailability of the test so
that the reference has got | ow bioavailability, then test

wi |l not be average bi oequival ence because the test shows
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hi gher response because all of themare increasing. Al of
them are staying in the sane parallel way.

Now, increased bioavailability in a subset of
subj ects, which is the | ower value here, sone of these
subjects in which -- they remain constant here for other
subj ects, but here it goes the test response is higher than
the reference for these subjects. This is probably a
subset of popul ation.

Now, subject-by-formulation interaction is
i ncreased between-subject variability. That's what we are
saying, that here for the reference you have got a | ower
variability, for the test you have got higher variability.
More | ack of congruence of neans, which has been shown
there. There are sone subjects is going -- stay parallel
Sone subjects are going down, their response, and sone
subj ects goi ng up

In fact, for sone of the data sets -- | wll
just show one or two -- you see a |lot of incongruence of
the responses. Sone of them m ght be --

DR. BYRN: Now, if | was a manufacturer, if |
| ooked at this data, wouldn't | say, okay, in these
particul ar products | better reverse engi neer the innovator
product and make exactly the sane product if | was a

generic manufacturer? Do you see what |'m sayi ng?
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DR, PATNAI K:  Yes.
DR. BYRN. Exactly the sanme fornul ation,
exactly the sane conponents, et cetera as close as | could.
DR. PATNAI K: Yes, you can do that, but the
whol e thing -- sone of them are random occurrences, sone of
t hem may not be genui ne.

DR. BYRN. It could be the case -- say, this

| oner one -- that this patient, if they take ibuprofen from
one conpany -- and it mght be the innovator -- it takes

t heir headache away. |If they take it from another conpany,
it doesn't take their headache away. |[|s that a proper

interpretation?

DR. PATNAIK:  Well, yes, it depends on which
one you're conparing to which one. The point is that sone
of themare random Sone of themare not that random
maybe representing sonething in the formulation or the
subj ect .

DR. BYRN. Do we have any idea what's causing
this?

DR. PATNAI K: There are several theories that
have been put forward.

DR ZI MVERMAN:  |'m wondering if we can't nove
on to our final speaker because then we'll have an hour

to --
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DR. BYRN. Ckay, we can discuss this.

DR ZI MVERMAN:  -- work Dr. Patnai k over the
coals. W'Ill get you back, Dr. Patnaik.

DR. PATNAI K: Ckay.

DR ZI MVERMAN:  Qur next speaker is Dr. John
Balian who wll talk about criteria.

DR. BALI AN: Thank you, Dr. Zi nmrernman.

My apol ogi es to the audi ence for ny back, but
considering that I'mnot nuch taller than the podi um
probably I'll not block your view.

(Laughter.)

DR. BALIAN. The title of my presentation is
Narrow Therapeutic Drugs: Definition. Wen preparing
t hese overheads, | seriously considered replacing the word
"definition" with a question mark because there are
scientists and individuals out there who say, what narrow
t herapeutic drugs? They do not exist. Still others say,
you know one when you see one. Also, others say that it's
an old issue or rather an issue that deals or affects al
drugs only. After all, when was the |ast drug considered
to be a narrow therapeutic drug that was approved and
mar ket ed?

In any case, no matter what approach we use,

the bottomline is that it's an issue that, as we see from
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the earlier presentations, is not going to go away very
easily. Instead of avoiding it, our bosses, Dr. WIIlians
and Dr. Lesko, decided to take the challenge to resolve the
issue. So, they asked nme to forma working group and they
charged the working group to craft a clinically rel evant
and scientifically defensible definition of narrow
t herapeutic drugs and also outline criteria and
characteristics for assessing these products.

Now, fromall you heard earlier, you m ght be
expecting that this is actually what 1'm going to do today.
My apol ogi es because the real notive of ny consideration of
putting a question mark there was actually a direct
gquestion to the advisory commttee and the audience is, how
do you define narrow therapeutic drugs? Wat criteria and
characteristics do you use, and how can you give us
direction? | guess after that, | can maybe stop ny
presentati on.

So, why are we bothering with this issue?

After all, it's very difficult and very chall engi ng.
Besides the fact that currently it's one of the hottest
topi cs under discussion, | have |listed sone of the issues.
These are only sone of them

It is very useful both for the drug devel opnent

review and prescribing process to have scientifically
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defined criteria which are mssing currently.

Narrow t herapeutic drugs are frequently
mentioned in nost of our guidances that are out there in
the public already, and those under consideration now and
even the one that was rel eased today, the individual
bi oequi val ence, they refer to it and actually now they are
sinply saying that there will be a working group that wl|
come up with this definition. So, the pressure is on us.

Also as far as our office, the Ofice of
Clinical Pharnmacol ogy and Bi opharmaceutics, we consi der
this a true clinical pharmacol ogy i ssue of concentration
versus effect and give the challenge to the pharnmaceutica
i ndustry to conduct proper pharnmacokinetic and
phar macodynam ¢ studies in identification of these drugs.

| will skip the next three bullets because they
wer e touched upon extensively by earlier speakers.

The drug interaction and the special popul ation
issue is |isted here because these are circunstances where
there is potential of drugs that are otherw se of w de
t herapeutic range could shift the dose-response curve to
such a degree where after the interaction or in these
speci al popul ati ons they can becone narrow t herapeutic
drugs.

Lastly, the over-the-counter issue. During
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consi deration of a product for over-the-counter, obviously
narrow t herapeutic drugs are exclusion criteria.

So, what is a narrow therapeutic drug? It's a
drug that commonly exhibits adverse effects which limt its
t herapeutic use in doses close to or overlap those needed
for therapeutic effect. Now, this is a very basic
definition that I think we all can agree upon except that
it does not assist in scientific nmeasurenents or in
identifying drugs except for post facto.

Al so, during the discussion here, we heard many
terms and nonmenclature for this, whether it's range or
w ndow or index or ratio. Now, purists like Dr. Tom Tozer
informnme that indices and ratios are high or low, while
w ndows and ranges are narrow or wide. So, ny hope is
maybe we can conme up with a term nol ogy today that can
eventual |y be universally acceptabl e.

You saw this slide earlier. M. Sporn showed
it. These are the current regulatory definitions of narrow
t herapeutic drugs. It relies upon these three basic
par aneters.

A less than two-fold difference in the nmedi an
| ethal dose, or the LD50, and the nedian effective dose,
ED50, val ues.

The second one is less than a two-fold
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difference in the mninmumtoxic concentration and the
m ni mum ef fective concentration in the bl ood.

And finally, these drugs for their safe and
effective use, dosage titration, and therapeutic nonitoring
IS necessary.

Now, these definitions are actually used by
many ot her regul atory agencies as well, either very simlar
or with sone variation.

Now, there's a problemw th these criteria and
definitions. The first two are obtained from ani mal dat a,
and we're not sure howclinically relevant they are. Al so,
these are currently very rarely available. W do not
require LD50' s anynore.

And the third one, for therapeutic nonitoring,
this is a concept once a drug is identified as a narrow
t herapeutic drug, but not a criteria or a definition per
se. And also, it's very widespread. |It's used for many
drugs.

Now, narrow therapeutic drugs are w dely
di scussed but unfortunately very rarely witten about.
Three different nmenbers of our working group conducted
extensive literature search and review and very little was
found. So, that's another reason why | would like to rely

upon the advisory commttee and nenbers of the audi ence
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very heavily today.

What we're going to propose today is a very
i nnocuous definition, the sinplest approach we coul d take,
and that is the definition for a narrow therapeutic drug is
t he degree of the overlap between effective doses or
concentrations and doses or concentrations which cause
unacceptable toxicity define a narrow therapeutic drug.

Now, our hope is that follow ng today's
di scussi on we can maybe cone up with a workabl e definition.

| will not bore you with a discussion of
concentration versus effect and dose-response curves, but |
woul d like to make a couple of points as to the reason why
we chose this specific |anguage, in particular the part
where it says degree of the overl ap.

We chose this wording. W had two things in
mnd. One was the current definitions, the part where it
said less than a two-fold difference in the mninmmtoxic
concentration and the mninmum effective concentration. W
considered that that's workable, of course, if the source
is fromhuman data, from human PK/ PD studi es.

The second reason is that there's a school of
t hought out there that it doesn't really matter how w de
t he wi ndow, so-called therapeutic wndowis. Wat actually

matters, what's critical is the overlap or the cl oseness of
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the efficacy and toxicity at the higher end of dosing only.
A drug can be given from10 mlligrans to 1,000 mlligrans.
It still can be considered a narrow therapeutic drug if the
recomended dose of 1,000 is very close to serious
toxicity.

Since a definition is not likely to be
definitive, a series of criteria or characteristics need to
be outlined for proper classification of these drugs.
Probably at the end these criteria will have to be wei ghted
as wel | .

Sone considerations for this process are |isted
here and sone of these can be considered as eventual
characteristics while others sinply conplicating factors or
i ssues for consideration when the drug is a narrow
t her apeuti c i ndex drug.

The first one is what's again in the current
definition of the CFR, and that's a |less than two-fold
difference in the mninmumtoxic concentration and the
m ni mum ef fective concentration in the blood. Few of the
drugs that were listed earlier in the SUPAC gui dance can
meet this definition, but nost that we consider or think of
narrow t herapeutic index actually fall out of this range.

The second one, non-linear kinetics over the

therapeutic range, is certainly a criteria. Now, | don't
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mean to say all drugs that fall in this are narrow
t her apeuti c drugs.

The third one, the case of high inter- and
intra-subject variability. Probably in this day and age in
the current drug devel opnent environnment, any drug that has
high variability and is potentially narrow therapeutic
i ndex probably will not make it to the finish line, but for
nmost of the other drugs, this is an issue.

Therapeutic drug nonitoring is a consequence,
as | nmentioned earlier.

Saturabl e protein binding, accunmul ati on and
cunul ative toxicity. Those are issues that may conplicate
a narrow t herapeutic drug.

Speci al popul ati ons and drug interactions, as |
mentioned earlier, they may shift the curve for an
ot herwi se wi de t herapeutic drug.

Ther apeutic category. | have that there
because of our experience with oncol ogy. Mst cancer
drugs, probably all cancer drugs, are narrow therapeutic
drugs, very highly toxic and yet we use them because of the
ri sk/ benefit issue.

And therapeutic indication. Aspirin when used
for iron type pyrexia or used for headache, at the dosage

used, it's not a narrow therapeutic drug, but when used for
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antirheumatic purposes, certainly the doses used there
overlap the toxicity curve.

So, the objectives of ny presentation and the
wor ki ng group objectives are basically to get your input,
solicit your input -- and nenbers' of the audience -- to
help us devise a clinically relevant and scientifically
defensible definition of narrow therapeutic drugs and al so
to outline criteria and characteristics for assessing these
product s.

Al so, we woul d appreciate sone clear direction
for us as to where to head with this once we have a fi nal
product. Do you think it should be a guidance, a position
paper, a review article?

And al so should we revisit the Code of Federa
Regul ations? Should we rewite the definitions that are
there right now?

Finally, I would Iike to thank the working
group nenbers. Dr. Al -Habet, who's assisting nme right now.
Dr. Dennis Bashaw is in the audi ence. Mhnood, and al so we
appreciate all the help and direction we received fromDr.
WIllianms, Lesko, Dale Conner, his participation, and Mark
Vogel .

Thank you.

DR. ZI MVERVAN:  Thank you.
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W'l |l be open for a commttee discussion now,
and so any of the speakers who have spoken this afternoon
are fair ganme, shall we say.

Before we start | think that the questions that
|"ve fornmulated during this afternoon discussion, of
course, revolve around the narrow therapeutic drug
classification. So, | think the questions that | think we
need to tal k about is whether there's really a need for the
agency to single out a certain group of drugs as a class to
have a hi gher |evel product quality managenent, and coul d
this be done on a case-by-case basis is one of the things
that 1've been hearing.

Secondly, if we decide that, that that's
appropriate, then how should the narrow t herapeutic drug
classification be defined both in terns of what drugs are
there and what term nology we're going to be using?

Wth that, I'll open the discussion. Dr.
Brazeau had her hand up

DR. BRAZEAU. | had sone ot her considerations
for Dr. Balian. A couple of questions that | didn't see in
the considerations that | think are inportant. \at are
you goi ng to do about drugs that have active netabolites?
Because particularly those active netabolites m ght

contribute to the toxicity.
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The second area woul d be what about tissue
bi ndi ng. You've nentioned protein binding, but what about
ti ssue binding? These are all areas that | think need to
al so be in your consideration. |[If you are going to talk
about a narrow t herapeutic w ndow drug, you deal with drugs
that don't have active netabolites, or how do you deal wth
t hat ?

DR. BALIAN. As far as the active netabolites,
when | say drug, actually | nmean any active noiety, any
active species of the drug. So, an active netabolite -- if
it neets the criteria, yes, it is a narrow therapeutic
drug, then the parent can be considered as a narrow
t herapeutic drug.

For the second one, we appreciate the input.

Ti ssue bi ndi ng shoul d be a consi derati on.

DR. BRANCH: 1'd like to make a comment and a
suggestion. The comment is that | think this is a very
i nportant conceptual approach and I think it's inportant
fromthe perspective of the trend for drug devel opnent
review to ask the question, should drug therapy be
individualized to patients, particularly drug dosage. |
t hi nk what you're doing is actually hel ping identify those
drugs where it's particularly relevant and inportant. So,

| think the focus in ny viewis within the area of
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i ndi vi dual i zat i on.

| think that the issues go way beyond
t her apeuti ¢ exchange and generic substitution and actually
much nore relevant to an initial part of an NDA process of
how best to use the drug. The key contribution of this
area is actually going to be in drug | abeling or advice to
physi ci ans on how best to use drugs.

If that is an underlying prem se, what is the

definition? | think that the starting point that you

raised -- | think I would add a couple of qualifying
clauses. | think in ternms of efficacy, |I would say
clinically relevant efficacy. | think in terns of

toxicity, keep to the one that you' ve said, which is
unacceptabl e toxicity. These are definitions that are
outside individual drugs that are generic and they relate
to quality of life.

| think there is one problem| have with the
schema that you have which nmay be theoretically correct if
you go to huge increases in dose. But the real problem
that you face is that the adverse reaction frequency is
very | ow and your efficacy you' re hoping to get
universally. So, you' ve got differently constructed
frequency distribution curves that you're talking. | think

t hat maybe sone of the discussion should focus around those
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I Ssues.

Getting into tissue concentration, dose-
dependent kinetics, those sort of things are getting into
| evel s of detail which are probably inappropriate at this
stage. | think you should keep this as a very general
topic and | think it has nuch broader inplications than you
sort of inplied in the initial workup for it.

DR ZIMVERVAN. Dr. WIIlianms?

DR. WLLIAMS: Dr. Zinmmerman, 1'd just like to
endorse what Dr. Branch said because as we | eave the realm
of product quality and nove into the real mof safety and
efficacy and clinical pharmacol ogy, |'m always inpressed
about how nmuch information we mght really need to address
sone of the questions that we're di scussing now.

| would conme back to that particul ar overhead
t hat John showed, the dose-response curve for both efficacy
and toxicity. Now, | would argue that that is an
i ndi vi dual dose-response curve and not a popul ati on dose-
response curve. W rarely, | think perhaps if ever, see
t hose ki nds of dose-response curves in a new drug
appl i cation.

| would also argue that we rarely see dose-
response curves for an adverse event at all.

So, it's interesting a lot of the information
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we m ght need to nmake a judgnent of a narrow therapeutic
range drug in the clinic probably aren't available fromthe
new drug devel opnent process.

DR ZI MVERMAN: | have a question. |If we're
tal ki ng about not the new drug applications, but the
ANDA' s, it seens to ne there's a lot of information in the
literature, popul ation, pharnmacokinetics, strategies such
as neta-analysis, and all these kinds of things. Can't we
get information fromthe literature and fromthings that
have al ready been published or submtted that would all ow
us to ease the burden on individual generic firnms?

VWhat |' mthinking about is some of the wthin-
subject variability. Some of this stuff is published. W
shoul d be able to get sone information fromthings that are
already in the literature. |Is it just not accessible?
don't really understand. For a drug that has been on the
mar ket for a long, long tine, it seens to ne we'd have a
| ot of data fromthe innovator product on inter-subject
variability.

DR. BALIAN: W do have that data on the drugs,
for exanple, on theophylline and warfarin, phenytoin, and
we | ooked at them However, it's not assisting us in
comng up with a definition. W do have all the different

dose-response curves for these drugs, but as Dr. WIIlians
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said, for the new drugs, the new nol ecular entities, we
hardly have the data to make such an anal ysis.

DR ZI MVMERVAN:  Aren't we tal king about
bi oequi val ence here? | thought that it was franed this
nmorni ng we're not tal king about bioavailability. W're
tal ki ng about bi oequi val ence. So, for bioequival ence,
you' re tal king about you had an innovator product that's
being used in the population for a long tinme. That data
shoul d be avail abl e sonewhere | woul d thi nk.

DR. LAMBORN. But can't you al so have
bi oequi val ence noving fromthe agent used in the clinical
trial to the agent actually being scaled up for marketing
or early post-marketing changes? | agree there's another
end, but | think we do have to address the ones that are
happeni ng before you have that |ong history.

DR. BRANCH In ternms of what Roger said, he
said you don't get the adverse drug reaction data, | would
hazard a guess that sonething |ike 40 percent of drugs are
introduced to the market at doses that are subsequently
reduced. They're reduced because they're found to have an
effect that wasn't actually wanted. So, | think probably
the data is avail abl e.

Goi ng back to the issue of should this be

couched in terns of bioequivalence, | think that the
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bi oequi val ence aspect is probably the nost easily regul ated
and tightly controlled, but the real issue here is the
bi ol ogi cal difference on how best to use a drug and | still
think this issue of narrow therapeutic w ndow drugs has
greater potential inpact for public care when focused on
new drug developnent. | would really like to see this
docunent that you're preparing at this stage be done with a
view to having an inpact both in drug devel opnent as wel |
as generic substitutions.

DR ZI MVERVAN:  Dr. Byrn?

DR. BYRN. | wanted to go back to the other
gquestion. Maybe |et nme nmake one comment.

| agree, though, with the slide that if drugs
showed a I ot of inter-patient variability, a lot of them
woul d not make it to the marketpl ace today because | think
nost conpani es have a nunber of products that they're
| ooking at, and unless this is a phenonena that's
w despread anong all the candidates, it's nost |ikely that
they would drop that primary candidate and go to a
secondary candidate. Unless it's sonething related to the
actual action of the material, they would do everything
possible to find a drug that didn't show all this inter-
subj ect variability.

DR ZIMVERVAN. Dr. WIlians?
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DR. WLLIAMS: 1'mgoing to take the |liberty on
witing on one of ny overheads, and | apologize if it's
hard to see. But again, one of the reasons | enjoy the
di scussion of this so nuch is because it makes explicit
many of the things that we take on assunption or haven't
adequat el y addressed in the past.

| think it gets to the issue of this
t herapeutic wi ndow that we tal k about. | mght again
enphasi ze the distinction between what | see as the
popul ati on therapeutic w ndow versus the individual
t her apeuti ¢ w ndow.

Now, |'ll use phenytoin as an exanple. 1In a
drug | evel |aboratory, phenytoin says you should range
between 10 and 20 mlligrans per liter, and that that's
popul ation range. But | mght argue that after a patient
is titrated to, say, 15 mlligrans per liter, by working
wi th the physician during the prescribability phase, that
you m ght want that individual to, say, range plus or mnus
20 percent around that average. Now, that's a very
different range, say, 12 to 18, than the popul ati on range,
and | think it's that individual patient range that we m ss
so often.

| would also argue that | think in the course

of the discussions tonorrow when we nove to the real m of
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clinical pharmacol ogy, you will see that there are a | ot of
equi val ence questions there as well. A drug-drug
interaction question is an equival ence question. A food-
drug interaction is an equival ence question. Wen you put
sonebody on dialysis and then you change their |evels, that
becones an equi val ence question. | think again it's an
i ndi vi dual dose-response rel ationship.

Now, | want to come back to what Dr. Zi nmerman
said. | think you're probably right, that if you really
| ooked at the available data, you m ght be able to tease
out sone of this information. As you know, the agency does
a neta-analysis of the safety data as part of the
assessnment of a new drug application. |In that neta-
anal ysi s, individual patients may have different doses and
show di fferent degrees of toxicity depending on the dose
| evel .

But | would argue, in ny mnd at |east, there's
a notivation, perhaps going back to what Dr. Branch said
to perhaps change the way we do drug devel opnent to perhaps
tease out sonme of this information in a better way. |
think it could al so be done perhaps in an even nore
efficient way than we do now. So, | don't think it
necessarily has to invoke increased regul atory burden.

DR. BYRN. \Wat happened over here, Roger?
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That's a better manufactured drug over on the right.

DR. WLLIAMS: It's interesting. You can get
involved in interesting questions, and I would al so point
out the fact that we have experts in the audi ence who can
talk about this better than | can. Specifically Dr. Hauck
and Dr. Anderson are with us today, and | woul d encourage
the Chair to turn to themand see if they have any
conment s.

But there is this nean variance tradeoff that
we talk about. Let's say this is a reference product. |
won't say whether it's generic or innovator. Then you get
to the question, what if you had a better absorbed and | ess
vari able product? 1s that equivalent or is it better?

Does it belong in the world of 505(b) or can it stay in the
world of 505(j)? | think that's what i ndividual

bi oequi val ence poses to us, whereas before we perhaps
didn't deal with the question in such an explicit way.

DR. BYRN. Also, | think we would probably want
to try to build in incentives to go to the right-hand side
there so that we can get better products.

DR. WLLIAMS: Well, if I could add. W do
have incentives now, you know, the three years of
exclusivity with AB.

DR. BYRN. That woul d be good, yes.
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DR. WLLIAVMS: | think what we're trying to
imagine in the world of (j), you could be a little bit
better.

DR. BRAZEAU. But, Roger, in your scenario of
going from10 to 20 versus 12 to 18, I'mnot sure in every
drug you're going to see a difference in the endpoint of
the patient. Those are blood |evels. You mght not see a
difference in a patient between a blood |evel of 12 and 18
as long as their seizures are controlled.

DR. WLLIAMS: Well, it's certainly an
excel |l ent observation, but | guess | would say that if you
had a patient on phenytoin titrated to 18 and then you
dr opped them on down to, say, 10 or 12, they m ght be
wi thin the popul ation range. The blood | evel |aboratory
woul d conme back and say you're perfectly fine, don't worry.
But you mght find that that particular patient |oses
control with that change in the |evel

DR. BYRN. If you could go up closer to 18,

t hen you' d have fewer breakthroughs.

DR. WLLIAMS: And particularly with the
nonl i near kinetics of phenytoin. WeIlIl, that's expressed in
t he bl ood | evel .

DR. BRAZEAU. But | will say that | think you

al ways have to | ook at the therapeutic endpoints. Wile
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bl ood I evels certainly are useful indices, are you
achieving the goal that you want in that patient, the
reduction in blood pressure that you want to see?

DR. ZI MVERVMAN:  Dr. Mayer sohn.

DR. MAYERSOHN: John, there are a couple of
issues with regard to the figure on page 3. | always
| earned that the neasure of potency is along the x axis,

t he EC50, ED50, ET50, and yet you're suggesting the issue
be resolved along the y axis, as | understood it. |Is that
right?

DR. BALI AN:  You nean the concentration versus
t he response?

DR MAYERSOHN:. Yes.

DR. BALIAN: Well, 1'mnot | ooking at
concentration per se. The clinicians would maybe say dose,
but one of them dose or concentration.

DR. MAYERSOHN: But that wasn't nmy point. 1'll
get back to that in a second.

| heard you -- | nmay have m sunderstood --
saying the relationship along the y axis response to
toxicity where the curves flatten out is what defines the
index. |Is that correct?

DR. BALIAN: Yes. The overlap of the curve

there, yes.
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DR. MAYERSOHN: So, you woul d take your top
curve and | ook at the curve just below it where they
flatten out, and that would be your definition of --

DR. BALIAN: Well, we have to take into
consideration -- you probably have to draw distributions
under neat h those curves.

DR. MAYERSOHN: Yes. | realize this is a
hypot heti cal .

DR. BALI AN:  Wen you have those distributions,
t he bel | -shaped curves under those curves, you wll run
into the overl ap.

DR. MAYERSOHN: That's a uni que perspecti ve.
|'ve never heard that proposed before. | could be wong.

DR WLLIAVS: Dr. Zinmmerman, | woul d agree
with Mke. | think you would drop that down to your x axis
whi ch is your dose or concentration and express your ED50
in ternms of dose. But then | think in the individual
popul ation there would be a range around that netric, and |
t hi nk what John is tal king about, overlap in the range
bet ween the efficacious dose and the toxic dose.

DR. MAYERSOHN:. Ch, okay. Still overlap is
relative to the x axis.

DR. BALI AN: Right.

DR. MAYERSOHN:. Ch, I'msorry. |
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m sunder st ood.

The ot her issue, and it's one you have to be
careful of -- for exanple, Gayle nentioned one exanpl e of
it -- is whether you use dose or concentration on the X
axis. Just as an exanple, if you use dose and the drug has
a maxi mumsolubility, which is fairly low, you may never
see toxicity. On the other hand, if you establish a
concentration in the blood fromIV dosing, for exanple,
there woul d be a clear concentration-toxicity relationship.
Ri ght ?

DR BALI AN. Sure.

DR. MAYERSOHN: On the other hand, if you have
an active netabolite, as Gayle was proposing, you would see
that with dose and you wouldn't see it w th apparent
concentration. So, this is clearly a potentially confusing
i ssue.

Finally, it's even nore confused by should you
use unbound pl asma concentration, which you probably
shoul d, as opposed to total concentration. Phenytoinis a
good exanpl e.

Just comments --

DR. BALIAN: Right.

DR. MAYERSOHN: -- to drive you nore crazy than

you al ready are.
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DR. BYRN. |'ve got questions for Rabi.

DR ZI MVERVAN.  Wel |, go ahead.

DR. BYRN. | want to go back to our curve that
we had that went down and then cones across at 1.25.

DR, PATNAI K:  Yes.

DR. BYRN. As | was discussing, if we just went
ahead and nade the dotted line the solid line -- and |I'm
just exploring this out loud now -- in the real m of
bi oequi val ence, we wouldn't need to define, would we,
narrow t herapeutic index drugs because everything would be
forced to fall on this line. So, I'msure we need to
define those, but with respect to bioequivalence, if we
just took the line straight on down, we wouldn't need that
definition, would we or would we? Maybe we could put the
i ne back up

DR. ZI MVERMAN: Pl ease cone to the overhead.

Are we confusing narrow therapeutic index drugs
wi th highly variable drugs?

DR. BYRN:. Well, yes. | think what was being
said is that we go across the solid |line for everything but
narrow t herapeutic index/highly variable drugs. Those
drugs we cone on the dotted line. Then |I was saying, well,
if we say on the dotted line for everything, we have an

incentive to the manufacturers to nmake | ess vari abl e
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products as mnimal as they can, and Rabi was saying, well,
yes, but it may not be necessary.

But now |I' m wondering the consequence of going
on the solid line -- | nean, the dotted line all the way
down woul d nean that we woul dn't have to define narrow
t herapeutic index drugs for bioequival ence. W'd just use
this line, and that would be our definition of approval of
an ANDA. W'd just drawthe line. If it fell onit, fine;
if it didn"t, nore work woul d have to be done.

The advantage of this, Roger, would be this
woul d give the innovators an incentive to make a | ess
vari abl e product. W have to debate whether the costs of
that are worth the public health, you know, any gain in
public health or not.

DR. BRAZEAU. | think that's a very good point.
One of the questions that Roger asked us about was the
public health justification of doing that. | think what
Steve has proposed is a very valid question. Certainly
it's like apple pie and notherhood. W' d |ike the therapy
to be best for patient, individualized, but there is a
cost-benefit ratio.

| think where we're getting confused, what's
made this afternoon extrenely confusing to ne is that we're

m xi ng highly variable drugs with narrow t herapeutic index
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w ndows, and that's what's making the whol e thing
confusing. | think what Steve has proposed is a way to
hel p us sort through those.

DR. PATNAIK: | will just nmake a couple of
conment s.

When you follow the reference variability,
W t hin-subject variability, and the inplied upper
bi oequivalent limt, it gives you sone sort of a little bit
of curvilinear function. Now, if you go all the way to O
-- that neans if you have got 10 percent -- it wll be
somewhere between 1.1. \Whereas, for sone nonprobl ematic
drugs, you m ght need 100 subjects to pass that. So, we
have to think about the power of the study to pass such a
strict bioequivalence criteria.

If it is necessary or not -- unnecessarily
wi deni ng your form just because the variability is low, is
it necessary? But now we are doing it. The proposal is
now currently we have got the average bi oequi val ence
criteria which for nost of the drugs this is working, and
for highly variable drugs, whereas to pass the current
bi oequi val ence criteria, you need a | ot nore subjects to
raise the power. So, it's nuch nore burdensone to the
sponsors of the study to take nore nunber of subjects to

show bi oequi val ence, although the intrinsic variability is
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due to the drug substance or maybe because of the first
pass effect, the biological effect.

So, what we are saying, that when you have got
a highly variable drug, froma safety and efficacy
standpoint it's not having nuch nore risk to widening it

because the reference variability is quite high. But for

nost of the drugs -- | will say about 80 percent of the
drugs -- which are approved -- |I'mtal king about nulti-
source drug products -- there is no problemat all if the

variability is 20 percent or less to keep it at this |evel.
| f you want to reduce it to nmake it much stricter, you

m ght want to have nore nunber of subjects to raise the
power .

For certain drug products, like Dr. WIlIlians
suggested, it will be reference scal ed because of the
concern for particular, specific drugs. So, everything is
a reference scaling conplete up to 0, and if you have to
reference scal e everything, even if one has got 5 percent
W t hi n-subject variability, it will be like 98 to 102. You
cannot be nore than 1.02 percent. But is that necessary if
you're totally governed by the -- or controlled by the
reference listed drug within-subject variability?

DR. BYRN:. But if we did go along that line, we

woul dn't need to define highly variable or narrow
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t herapeutic index drugs. Everything would just be on the
line. It would be a noot point.

DR. PATNAIK: That's true, if you have only one
thing. That's why we are saying that the working group
suggested that if you conpletely reference controlled by
the reference variability -- if it is reference scaled, you
can go as high and you can go as low as the variability
dictates. But here we are saying that nost of the drug has
got no problem 1.25 is all right because it is
bi oequi valent. So, it's nonproblematic drugs with which we
are pretty confident about safety and efficacy. Then
there's no reason why we cannot do it.

DR ZIMVERVAN. Dr. WIIlianms?

DR. WLLIAMS: Just to enphasize a little bit,
Steve. |If you always scale, it becones a terrific resource
burden for standard drugs. So, really what | would like to
imagine is that our list of narrow therapeutic drugs, if we
ever get to that point inlife, would be a very small list.
It may be only 5 or 10 drugs in the marketplace that we
woul d want to al ways scal e.

The ot her issue that you brought up, Steve,
which is a very inportant one, is an incentive for better
products. | think this equation does that. | m ght argue

that it does it via these terns in the nunerator.
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Renmenber, | think a small nunmerator is good. Right, Rabi?
So, if you reduce the value of this entire term it hel ps
you pass the goal post. |If you nmake a | ess variable test
product, it will help you pass the goal post.

So, | actually see this equation kind of
chugging away in a nice public health way fromthe start of
drug devel opnent because the reality is it's not this being
the generic and this being the pioneer. This is actually
the first iteration of the reference product. The next
time the pioneer has to do a bioequival ence study, this
becones the test. So, you will always be encouragi ng over
a period of hundreds of years maybe | ess variabl e products.
So, we've got to take a long view here.

But | would argue that this is a very powerfu
part of this equation because right now we sort of have an
incentive to have highly variable pioneer products because
it makes it harder for the generic to pass the goal post.
Now, | would argue that's kind of a bad public health
equation to create that situation, and we all know there
have been exanples of highly variable reference drugs to
whi ch generic substitution beconmes very difficult.

DR ZI MVERMAN:  Did you have a conment ?

DR. LAMBORN. | think when I was | ooking at the

line along there, we were tal king about noving it down in



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

24

268
that | ower range. | can envision two public health
tradeoffs and one actually being the case where soneone
woul d manufacture sonething to a very tight standard far
beyond what is needed for the actual therapeutic benefit
and in that way preclude generics which we woul d say
sonetinmes are beneficial froma public health standpoint in
terms of making the agent nore accessible. So, it's a very
conpl ex thing.

| think one of the things that | felt this
afternoon has been that we keep shifting between the
concept of individual bioequival ence, the concept of what
do we do with highly variable drugs, and sonehow we've
pl ugged those two right in the mddle of a discussion of
narrow t herapeutic i ndex. Maybe we need as a group to say,
all right, right nowlet's talk just about the issue of
what el se can we give you in terns of advice on howto
define this group. Then we know that individual
bi oequi val ence may be a tool which we may | ater want to
apply. But it's sort of like we're having trouble focusing
IS ny sense.

DR. WLLIAVS: Dr. Zi mrernman?

DR ZI MVERVAN.  Yes.

DR. WLLIAMS: Can | just endorse what Kathl een

sai d because in some ways | think this equation -- | feel
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like I"'mselling a Hoover vacuum cl eaner sonetines when
talk about it because it really does solve nultiple
problenms. It solves the issue of highly variable drugs.

It solves the issue of not neglecting subject-by-
formulation interaction. It solves the issue of always
encouragi ng better fornmulations. And if we decide as a
society to | ook at narrow therapeutic index drugs, it also
creates a nechanismto change the goal posts for those.

So, it's a very rich equation. | think you will see
tomorrow that it has applications beyond j ust

bi ophar maceuti cs questi ons.

But | would agree with Kathleen that maybe the
focus of this is the criteria for a narrow t herapeutic
index drug. | think that's what you were saying.

DR ZI MVERMAN:  Wel |, along those lines, | was
| ooki ng through the handout fromDr. Balian on regul atory
definitions currently of narrow therapeutic drugs, to
quote, "For safe and effective use dosage titration and
t herapeutic nonitoring necessary." You pointed out that
the criticismof this would be that dosage titration and
monitoring i s very w despread.

That may be but it's only routine for certain
drugs, drugs that need to have things like -- well, for

exanpl e, gentamcin, things that need to be nonitored
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clinically all the tinme. Phenytoin is another one.
Theophyl line is another one. So, there are really just a
handful of compounds that actually are clinically nonitored
to stay within a range. It seens to ne that clinica
practice is what will be defining narrow therapeutic range
drugs in the sense of what is actually nonitored.

DR. BALIAN: Well, | guess that can be divided
into several sections. One is dose adjustnent and
titration without |ooking at concentration. Mst drugs now
approved probably will fall under that category. Mst of
the drugs are titrated and there is dose adjustment. Now,
the issue of gentam cin and theophylline and phenytoin,
there i s dosage adjustnent based on the therapeutic drug
monitoring in the sense that there are concentration |evels
and then based on there is -- and yes, there is a handful
of those that fall under that category, yes.

But again, that's not a criteria or a
definition of a narrow therapeutic index drug. It's sinply
a concept and sonething that we have identified as such,
and hence we want to nonitor them In the definitions
right now, it indicates that that's a definition of it.

DR. BRAZEAU. But wouldn't you want to devise a
definition that wll be able to incorporate sone of the

things that Dr. Zi nmmerman has tal ked about as far as being
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able to nonitor. As we get nore sensitive nonitoring
techni ques |ike glycodialysis, we nmay be able to get a
better grip on what's going to be the therapeutic w ndow
and different things. So, whatever definition you have
certainly has to include aspects of that.

DR BALI AN. Sure.

DR WLLIAMS: Mght | say | |ike your
definition because | think it has a sinplicity. If it's
measured in a drug level |aboratory, it beconmes a narrow
t herapeutic index drug. | don't know how many are
measured, but isn't it just a small 10 to 20 maybe?

DR ZI MVERMAN:  Yes. There's not a |ot.

DR. WLLIAVS: Five to 10?

DR. BRAZEAU. But is that going to change as we

get nore sensitive analytical techniques?

DR. WLLIAMS: Well, but | think if the new
drug devel opnent process says at the end of that process
that you should nonitor patients by a drug | evel
| aboratory, that's fine. W'Ill add themto the |ist when
it comes time for generic substitution

DR. MAYERSOHN: Roger, | thought this was the
decade of kinetics-dynamcs. | thought many of your NDA' s

are going to have inherently these kinetic-dynam c

rel ati onships. You can run al nost everything you want from
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t hat .

DR. WLLIAMS: Well, certainly it's true there
are far nore studies now, and Larry m ght want to speak to
that. But again, | enphasize that | think what we need to
| ook at is nore individual dose-response rel ationships, and
| think we al nost never see those.

DR. ZIMVERMAN: |f you're trying to define
narrow t herapeutic drugs, you |look at the clinical
practice, you figure out which ones have to be nonitored,
doesn't that give you an idea of what are -- where you have
to nonitor it, doesn't that give you an idea that those
conpounds are narrow therapeutic drugs?

DR. MAYERSOHN: | think historically that has
been the case, but people are rethinking this whole issue
on a practical level as to what we consider to be narrow
t herapeutic may not be any | onger.

DR. ZIMVERMAN: In terns of practice, you're
only going -- well, I come from M nnesota, which is the
managed care capital of the United States.

DR. MAYERSOHN: No. That's Arizona.

DR ZI MVERMAN:  No, no, no. | don't think so.

DR. MAYERSOHN: | beg to differ.

(Laughter.)

DR. ZI MVMERVAN:. And the health care systens are
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not going to allow you to nonitor things you don't have to.
"1l let the clinician speak to this.

DR. BRANCH: It goes back to, | think, which is
the cart and which is the horse. The issue is as the drug
i s being devel oped, if you need to individualize dose in a
patient, if a dose ranging strategy is the safest, nost
effective way of giving that therapy, that is what a
clinician calls a narrow t herapeutic wi ndow drug. |f you
can just give a straight dose and not worry about it, then
it isn"t. At the sinplest level, that's what drives it and
it"'s only the mnority way you' ve got nice, easy,
conveni ent bl ood |evels that you can refine that process,
but that's a consequence of the drug fitting into that set
of criteria.

So, if you want to create a criteria for a drug
that's being devel oped and the process that's being
devel oped as you're trying to define what is the dose and
what is the shape of the dose-response curve, which is
really the function of the NDA that's the tinme you cone up
with the identification of whether it's a narrow
t her apeuti ¢ wi ndow dr ug.

DR. WLLIAMS: Maybe the commttee sol ved
John's problem and the working group can stop.

(Laughter.)
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DR. BALIAN: There is different variations of
monitoring -- you have to consider that -- the PK or the PD
nmonitoring and al so nonitoring other than for dose
adj ustnent and titration purposes. For exanple, we nonitor
cl ozapi ne by nonitoring blood counts. W don't consider
that a narrow therapeutic drug because the toxicity is
i diosyncratic and not dose-rel at ed.

DR ZI MVERMAN: O her comment s?

DR. MAYERSOHN: Cheryl, I'll just make one nore
in the formof a question | think. M inpression is that
the industry, both proprietary and generic, does a pretty
good job in fornmulating the solid drug products. |If that's
true, assumng it would take a huge anmobunt of extra energy
to have a small increnent in performance -- if that's true
-- then what we're bouncing up against are the intrinsic
vari ables we can't control, and that is the characteristic
of the nol ecule per se and the biol ogical system That's
the inmpression | have. Roger, | don't know if you have
formed that opinion or not.

DR. WLLIAVS: Well, |I take it as a good point,
and | would refer back to what Dr. Rhodes said to us. The
reality of warfarin, for exanple, is it's a facile drug.
It's readily manufactured and readily made.

But | would still argue that there's a public
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heal th i ssue here connected wth the goal posts which would
say to a warfarin manufacturer that we are not going to |et
you into the marketplace if you get outside, say, a narrow
boundary.

Now, | think the reality is if you have a good
product where the nean is close to 1, the ratio of the
means, you are still going to have to do many people in
your bi oequival ence study to get past a narrower set of
goal posts.

But | would still argue that irrespective of
t he basi c observation that you can nake these products
readily and that they're robust products, it still in ny
m nd doesn't excuse the need to perhaps narrow the goal
posts for those products. It just neans that we as a
society would not let things in that deviate, say, by 12
percent or 15 percent.

DR ZI MVERVAN:. St eve?

DR. BYRN. Also, just to go on with what | was
saying earlier today, that if you have a highly variable
drug, it's possible that you don't have your manufacturing
process under control because it's hidden behind the
variability -- you see what |I'msaying -- in the intrinsic
variability. |If you have this goal post narrow ng concept,

then this would put an incentive that you normally woul dn't
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have. You just say, oh, it's widely variable. WlI, maybe
there are certain things you can do or maybe there is just
the right way to fornulate it. |If you could have this goa
post narrowing incentive, it could drive it to at |east the
| east variable we can get.

DR. BRAZEAU. It's alnost |like you' re al nost
trying to feather out the different vari ables.

DR. BYRN. Right, and when you have a highly
clinically variable drug, it could conceal a manufacturing
variation that if you could figure out it was there, you
coul d get out of the system

DR. GOLDBERG If you tease out the
manufacturing and the variability of manufacturing is
reduced to 0 and you have a certain variability due to the

drug, you've not done anything to inprove drug therapy. |If

the manufacturing variability adds to that -- it has been
added to function -- then | would agree with you.
DR. BYRN:. I'mnot a clinician but I |ike

Roger's di agram where he had a wide variation and then it
went to a narrower, higher variation. Wat I'mworried
about is in a given patient -- on the broad scale -- and
l"'mnot a statistician. But on the broad scal e you have a
| ot of variability due to the drug nol ecul e and then you

have manufacturing variability. So, you have a | ot of
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variation. But with a given individual, you nay only see
t he manufacturing variation, and that gives you a | ot of
peaks and valleys. [|If you could narrow that manufacturing
variation, then that particular individual can have better
t herapy even though on the whole -- you see what |I'm
ar gui ng?

DR. GOLDBERG Yes, but it has been ny
experience and it has been years in the industry that when
you have manufacturing variability |ike that, that cones
out of QC evaluation. You see the differences.

DR. BYRN. Yes, and | agree. W have a nunber
of other tests to test manufacturing variability, and we
want to use all of those in spades on any narrow
t herapeutic or widely variable drug. W really want to use
t hose extensively.

DR ZIMVERVAN. Dr. WIIlianms?

DR WLLIAMS: | think we're touching on
sonething that's quite inportant, and if the commttee
| ooks on page 5 and | ooks at the equation for population
equi val ence approaches in the guidance, the draft,
prelimnary gui dance, Steve, you'll see that those wthin-
subj ect test and reference variances are still in the
numer at or even when you' re using popul ati on equi val ence

appr oaches.
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So, let's say |I'mhypothetically in the NDA
phase and trying to develop a drug. |If you use this
equation, you will always create the incentive for yourself
-- and maybe it's only for yourself. It has nothing to do
with the public health market access -- that allows you to
create better fornulations.

| like to think that maybe your very first
formulation is a sinple liquid formul ati on where you're
| ooking nore at the variability of the drug substance as
opposed to the drug product. Ever after in your
devel opnent process, as you | ook at your fornulation,
you're always trying to optimze it and nmake it better.
So, at the end of the day, this popul ati on equation serves
as a guide to a drug devel oper to create an opti nmal
formul ati on.

But | would argue it may not be a public health
i ssue so nuch. It doesn't relate necessarily to market
access. But the reward at the end of the day is that you
have a wonderful product that 15 years later will inhibit
generic substitution and nake it harder for them

DR. BRAZEAU. Roger, there is sonething | do
| i ke about this equation, is that the idea that you can use
subjects that are nore representative of the patient

popul ation. | think that's also a key issue because sone
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of the things we've been tal king about, variability in
patients versus normals, is an area that really needs to be
consi der ed.

DR. WLLIAMS: | mght point out to the
commttee that -- | don't know where that is in the
docunent, Gyl e.

DR. BRAZEAU. That was one thing that was said
in the tal ks.

DR. WLLIAMS: It's soneplace in the docunent
where we refer to the patient population that should be
used now i n bi oequi val ence studies and we nove away from
the healthy mal e paradigmand say it should be done nore in
t he general population. But | mght nention that that's a
conprom se because sone peopl e have advocated actually
doi ng your bioequival ence study in the patient popul ation
for which the drug is intended. But | thought | was in
enough trouble already and | didn't want to go that far.

(Laughter.)

DR ZI MVERVAN: O her conments, questions?

Dr. Lanmborn was saying earlier that we hadn't
had enough tinme to discuss the dermatopharmacoki netics, and
we have a few mnutes. D d we want to go back to that
subject? | think probably the people who were invol ved

m ght have left. Oh, he's still here. Oh, good.
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DR. BRAZEAU. | had one question.

DR ZI MVERVAN.  Wbul d that be okay with the
commttee, to go back to that? Because we felt |ike we
were behind tinme and needed to cut off the discussion.

Per haps we can nove back to that. Go for it, Gayle.

DR. BRAZEAU. | had one question about the skin
stripping nethod that to ne is going to be a part of the
met hodol ogy, and that is the pressure to which these skin
strips are going to be put on and how are you going to
control that because that's going to inpact upon your
sanpling if you put sonmething on lightly versus sonething
on with pressure. How do you control for that?

DR. SHAH. Instruments are avail able so that we
can apply nore uniform pressure and do the skin stripping.
So, there is no problemon that. In the workshop we had
| ast year, experinents, data were presented where a
di fferent anmount of the pressure was applied and the skin
sanpl es were anal yzed.

DR. BRAZEAU. |s that pressure independent or
dependent upon the particul ar patient popul ati on?

DR SHAH. On a particular patient, it is
pressure independent and it does not really nmake too nuch
of a difference whether nore pressure is applied or not.

But if we want to quantitate it, then the pressure-
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sensitive equipnents are available for that. Uniform
pressure could be applied in the studies.

DR. LAMBORN:. Could you clarify for me? It was
menti oned that the normal skin differs very much from skin
whi ch has whatever the disease is that you're trying to
treat, and also unlike the situation, at least as | think
of it, of an oral dosage where usually the dissolution
conponent is being dealt with -- you know, they're norma
subjects but it's not necessarily related to the way the
drug is dispersed. Here you're directly tal king about
perneability and how long it will stay there.

How are you dealing with that question in terns
of assuring that what represents bioequival ence in norma
skin will in fact translate into bioequival ence when they
actual ly have the di sease?

DR. SHAH. Let ne further explain. Maybe
peopl e m ght have reviewed the article which was encl osed
i n your background information, but for a sinple
clarification so that we are all at the sane wavel ength
Il et ne review the procedure.

For taking the different sanples, we had to
apply the different anounts at different sites. Each site
is yielding only one sanple, one tinme point, |like an area

under the curve, let's say if you are | ooking at eight tinme
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points. | see that people are confused already.

DR. LAMBORN. No, |'m not because ny question
is totally different. |'mtalking about using a patient
who does not have the skin problemas distinct froml ooking
at a situation where the skin is actually affected, and how
do you know t hat bi oequivalence will carry from one
environment to the other?

DR. SHAH. Stratum corneum -- the skin, the
normal skin -- is the one which is the hardest part through
whi ch the drug has to go through, penetrate, and go deeper
inside the affected | ayers.

Now, in diseased patients where the skin is
affected, their stratum corneumis disrupted, and what
takes place or what is actually the amount of the drug that
isinthe fornmulation itself which gets rel eased and then
it gets straight to the site of action

So, the three steps that gets involved with the
topi cal preparations are -- after the drug is applied to
the skin, the first step is the drug release fromthe
formul ation, which we call that in vitro rel ease or the
di ssolution. The second step is the drug penetration
enters the stratumcorneum but that is the nost difficult
and the barrier as far as the drug penetrations are

concerned. And the third one is the epiderm s and where
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t he pharmacodynam c action takes pl ace.

Now, in ternms of the bioequival ency
determ nation, if we find that the DPK profiles are the
sane between the test product and the reference product
goi ng through the stratum corneum which is the main
barrier, then hopefully that would be reflecting the sane
when it is being treated in the patients. So, that's an
assunption nmade, that once it crosses through the main
part, which is the main barrier, going through the stratum
corneum everything would be the sanme. So, in the diseased
patients, the stratumcorneumis disrupted and in that
particul ar case, the drug release is the predom nant factor
whi ch takes pl ace.

Is it still nmore clarification?

DR. LAMBORN:. If | understand it, you're saying
that you're assumng that if it goes through in norma
individuals, that it will work in --

DR SHAH. It's the sane principles that we use
for the bioequival ency studies for the oral products.

DR. LAMBORN. Except here where you're applying
it and where it has to be acting is right where the probl em
is as distinct froman oral fornulation where you assune
it's already dissolved, it's in the blood stream and then

it goes to where the --
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DR. SHAH. To the site of action.

DR. LAMBORN:  Yes.

DR. SHAH. Here al so, especially when we are
conparing the two products together, the test product and
the reference product, so long as they're both behaving in
the same manner, we are assumng that it will be the sane
activity.

DR. ZI MVERVAN. O her conments or questions?
Dr. WIlianms?

DR. WLLIAMS: | want to say that | think we're
all sharing sone concern about this approach that argues
for sonme further discussion and analysis. It's not that it
couldn't potentially be a very inportant approach, but |
t hi nk, Vinod, what you're hearing today is everybody is
saying there are sone issues that we have to struggle with
still and I think we will struggle with them [It's not
that we don't intend to do that.

DR ZI MVERVAN:  Dr. Brazeau?

DR. BRAZEAU. There's one other issue that |'ve
been thinking about today. | sort of |ook at topicals
simlar to pul nonary delivery. | sort of think of a
targeting ratio, that in the skin to which gets absorbed
systemcally. And | haven't heard nuch about that.

Granted, sone of these drugs are going to have sone



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

24

285
system c absorption, and | don't know if that's sonething
that you need to try to work in this process. Now,
certainly to determ ne bi oequival ence woul d be reasonabl e,
but to look at a targeting ratio, what's going to stay on
the skin versus what gets absorbed, m ght be another area
you m ght want to consi der.

DR SHAH.  Ckay.

DR ZI MVERMAN:  Dr. Branch.

DR. BRANCH: I'll throwin a few nore
vari abl es.

s there any way to standardi ze your
concentration based on anount of cells that you collect?
Because you're putting tape on people and just taking it
of f and extracting drug and neasuring it. So, do you have
an internal standard?

DR. SHAH. Not as an internal standard, but in
terms of the HPLC net hodol ogy and all, we have an internal
standard. But in terns of the anpbunt, the area applied is
a standard tape, rounded tape which is exactly 1.5
centineters in dianmeter, so the tapes of this area are
available. It's applied at the sane spot and renoved.

DR. BRANCH | was thinking of, say, protein or
measure of DNA or sone sort of way to normalize your data

for the nunber of cells that you're stripping off. Wth
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respect to that, is there any difference in elderly? 1Is
there any difference in people on corticosteroids where you
know their skin is thin, the whole structure of skinis
changed?

It seens to ne there are quite a |ot of issues.
Peopl e on steroids very often do need other topical agents.
They're nore susceptible to fungal infections, et cetera.

It seens it's a very interesting nethodol ogy.

DR. SHAH. That's true, but again going back to
the procedure, what we are using, Dr. Branch, is the test
and the reference, both the products are applied at the
sane time in the sane individual on two different arns.

So, whatever the variation is in existence, ol der people or
maybe the thick skin, thin skin, or whether the patient is
on a glucocorticoid or any other therapy, it will be the
sane thing, and it will be affecting the sane way both the
arms. So, the test and the reference application is at the
same time, which will again try to mnimze the variability
that you may see due to the skin structure or the skin
effect.

DR. ZI MVERVAN: But are the people doing the
tape stripping -- it seens to ne that there may be sone
variability in how you actually take the sanple, for

exanpl e.
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DR. SHAH. Yes, that's true and all those wll
be part of establishing the nmethodol ogy itself, the
variability and all, how reproducible the systemis and
all. That's the reason why we do recall that you do have
to have a good val i dated anal ytical nethod, and that
val idation includes not only the anal ytical nethodol ogy of
the HPLC or any other nethod, but the whole, total
procedure. It needs to be validated.

Plus, we also indicate that you need to do two
studies, initially do the pilot study to get sone nore
estimate as to what kind of concentrations you'll be
getting, where it will be reaching the maxi mnumtine, and
when you need to start picking up the sanples for
elimnation. So, all those parts are part of the nethod
devel opnent and val i dati ons.

DR. ZI MVERMAN: | think Dr. Branch points out
that you may wish to normalize to sonmething like protein
content. One could even weigh the tape before and after
you do the stripping so you know how nuch nore tissue you
have or normalize to those sorts of things.

DR. SHAH. Yes. W had done that about six or
ei ght years ago, and that's part of our first publication
where we did it by the area and by wei ghing each tape.

Now, we need also to keep in mnd that's a very hygroscopic



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

24

288
situation. The tapes are so hygroscopic it has to be done
in a very controlled area. |In spite of that, if you wait
for two nore m nutes outside, the sane tape again and wei gh
it, it will be giving you different readi ngs.

But under careful experinental conditions, we
have done that and we have found that either weighing the
tapes that way gives you the sane results if we just do the
guantitation by the area itself, and that's the reason why
we finally concluded, in terns of standardi zation, that we
need to just go anount per square centineter area.

DR. BRAZEAU. | have a very silly question.

Are there any differences between people, between the right
armand the left arn? W're either right-handed or left-
handed, and does that inpact upon the skin on those two
different arns?

DR. SHAH. Wwell, 1'll say that there is no
di fference between the right and the left arm but there
wll be definitely a difference between your arns and ny
arms. W have done that. It's significantly different.

But within the individual, we have shown that there is no
di fference.

DR. BRAZEAU. | guess I'mthinking sinply often

I"'mwiting with this armhere. Now, this arm probably

doesn't get it.
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DR. SHAH. But skin thickness is the sane.
That's what |'mtrying to say. As far as the DPK
nmeasurements are concerned, drug concentrations in your two
arns are concerned, we get the sanme values. But, yes,
there is a difference between individual to individual skin
and all. The anmount of the skin, the weight of the skin
that will be renoved is different, but overall it turns out
to be the sane.

Yes?

DR. STEWART: \What about if one person is
hairier than another? What of the anmpbunt of hair? Does
that play in the effect?

DR. SHAH. Well, that is the area that you have
to be careful enough, so that you have to sel ect the
patients so that he has wider arnms and not too hairy,
otherwi se he or she is disqualified to be in the study.
It's some of the criteria that you have to use.

DR. BRAZEAU. Does hair col or play any
di fference on the arnf

DR. SHAH. Hair color or skin color? Skin
col or does not play any difference, no. That's what |
said. There is a difference in the anmount of the drug that
will go in between your skin and ny skin. W'IlIl get a

di fferent anmount of the drug in the skin, but again when we
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go back to using the test and the reference on the sane
arm it conpensates for that.

DR ZIMVERVAN:  Dr. WIIians.

DR. WLLIAMS: |1'mdelighted to listen to nore
of the discussion, but I wanted to, before we close, draw
the conmttee's attention to a couple of things.

First of all, | thank the commttee. It has
been an excell ent discussion and very hel pful.

| think you have seen in the course of the day
kind of three areas of focus, the Biopharm C assification
System individual bioequival ence, and our attenpts to deal
wth these very problematic locally acting drugs. And the
commttee knows they've been problematic for us with
nmet ered dose inhalers and topical products, et cetera, et
cetera. They are a nightmarish category to show
bi oavai l ability and bi oequi val ence.

But | think the commttee also sees that we're
really dealing with sone revol uti onary approaches here.
The Bi opharmaceutic C assification System| think is
revolutionary in its inpact and will substantially reduce
regul atory burden. Now, | mght argue that that's the
carrot.

The stick is individual bioequival ence which

will increase regulatory burden for a certain category of
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drugs. But | mght argue it makes sense to increase the
burden for that category of drugs because, by and | arge,
these will now be the lowy perneable and/or lowy sol ubl e
drugs where you m ght expect nore |ikely a subject-by-
formul ation interaction to occur.

| think there's an energing |logic here that I
think is conpelling, and I hope we can continue to work
together, | would say, on these three broad areas where
we're sort of struggling and debati ng.

DR ZI MVERVMAN: Ot her comments?

(No response.)

DR ZI MVERVAN:  Wth that, | think we'll close
for the day and hope to see you all back tonorrow.

(Whereupon, at 5:30 p.m, the commttee was
recessed, to reconvene at 8:30 a.m, Friday, Decenber 12,

1997.)
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