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PROCEEDI NGS

DR, LEE: Good norning. | amthe chair of the
committee and | would like to call the neeting to order.
Let nme begin by asking everyone to introduce herself or
hi msel f, starting on ny far right side.

M5. WNKLE: Good norning. | amHelen Wnkle. |
amthe acting director of the Ofice of Pharmaceutical
Sci ence.

DR. HUSSAIN. A az Hussain, deputy director of the
O fice of Pharmaceutical Science.

DR. MOYE: Lem Moye, committee nenber and
University of Texas Biostatistics.

DR. DOULL: John Doull, clinical toxicologist,
Kansas Medical Center.

DR. MEYER  Marvin Meyer, eneritus professor
Uni versity of Tennessee, now living in Florida.

DR KIBBE: Art Kibbe, professor of pharnmaceutics,
W1l kes University Nesbitt School of Pharnmacy.

M5. REEDY: Kathl een Reedy, Food and Drug
Adm ni stration.

DR LEE: Vincent Lee. | am professor and chair

of pharmaceutical sciences at USC
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DR. ANDERSON: d oria Anderson, Callaway professor
of chem stry, Mrris Brown College, Atlanta.

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

DR. BOEHLERT: Judy Boehlert, and | have nmy own
phar maceuti cal consulting business.

DR. SHARGEL: Leon Shargel, vice president
bi ophar maceutics, |anlabs, a generic manufacturer.

DR. SHEK: Efrai m Shek, vice president for
phar maceuti cal and anal ytical R&D, Abbott Laboratories.

DR MASSA: Tobi as Massa, executive director of
regul atory affairs, Eli Lilly & Co., and chair of their PRI
steering commttee.

DR. LAYLOFF: Tom Layl of f, Managenent Sciences for
Heal th and NGO working in | ess devel oped countries and
acting chair of the PAT commttee.

DR. OSTERBERG  Bob Osterberg, acting associate
di rector for pharmacol ogy and toxicology for the Ofice of
New Dr ugs.

DR. LEE: Thank you very nmuch. | would like to
ask Kathl een Reedy to read the conflict of interest.

Conflict of Interest

MS. REEDY: Acknow edgenent related to general

matters wai vers, Advisory Commttee for Pharmaceutica

Sci ence, Cctober 21, 2002:
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The foll ow ng announcenent addresses the issue of
conflict of interest with respect to this neeting and is
made a part of the record to preclude even the appearance of
such at this nmeeting. The topics of today's neeting are
i ssues of broad applicability. Unlike issues before a
commttee in which a particular product is discussed, issues
of broader applicability involve many industrial sponsors
and academic institutions. Al special government enpl oyees
and federal guests have been screened for their financial
interests as they apply to the general topics at hand.
Because they have reported interests in pharnaceuti cal
conpani es, the Food and Drug Adm nistration has granted
wai vers to the followi ng special governnent enpl oyees, which
permts themto participate in today's discussion, WIIliam
Jusko and Judy Boehlert.

A copy of the waiver statenent may be obtai ned by
submitting a witten request to the agency's Freedom of
I nformation OFfice, Room 12A-30 of the Parkl awn Buil di ng.

Because general topics inpact so nany institutions
it is not prudent to recite all potential conflicts of
interest as they apply to each nenber, consultant and guest.
FDA acknow edges that there nmay be potential conflicts of
i nterest but, because of the general nature of the
di scussion before the conmittee, these potential conflicts

are mtigated
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W would also like to note for the record that Dr.
Ef rai m Shek of Abbott Laboratories, Dr. Leon Shargel of EON
Labs are participating in this neeting as industry
representatives, acting on behalf of regulated industry. As
such, they have not been screened for any conflicts of
i nterest.

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

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

DR. LEE: Thank you very much. | now would |ike
toinvite Helen Wnkle, the acting director of the Ofice of
Phar maceuti cal Science, to introduce the neeting.

| ntroduction to Meeting

M5. W NKLE: Good norning, everyone. Good norning
to Dr. Lee, the chair, and to the conmttee nenbers and to
the audience. | really want to tell the conmttee how nuch
| appreciate their participation today. | know that this is
not the best part of the country to have to visit. So,

know it is alnmost a hardship to come into this area right
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now. As Dr. Kibbe was saying, just avoid the gas station
and you are fine.

[ Slide]

This nmorning | really want to step back a little
bit and | ook at the acconplishnments of the commttee. There
are a nunber of people that are going off the conmttee
after this particular neeting and | felt like it was
i nportant that we | ook back on those acconplishnents before
we ended this particular group of people as the commttee,
and | think it is really inportant to stress sone of the
things that the commttee has contributed to the Ofice of
Phar maceuti cal Science over the | ast several years and to
enphasi ze how nuch the reconmendati ons of the committee have
assisted us in OPS in neeting our various mssions and our
goal s and objectives. | want to highlight sone of those
acconplishnments to start off with this norning.

[ Slide]

First of all, many of the acconplishnments have |ed
t o gui dance devel opnent or to help us in the devel opnent
process. The first one is to provide input on the food
ef fect guidance. The second is to provide input on the
bi ophar maceutical classification system There were a
nunber of questions that cane up after the draft guidance
was issued and the commttee has helped us a lot in actually
addressi ng those questions; helping in establishing the
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process anal ytical technol ogy subcommttee. This has been a
really inmportant subcommttee to us. The issues that have
come up have been extrenely inportant and the advisory
committee was very influential in helping get this conmttee
set up.

[ Slide]

We have di scussed DPK at an advisory conmttee
neeting and this has helped us in making the decision to
wi t hdraw the draft gui dance on DPK and to begin to focus on
nor e general bioequi val ence net hodol ogy for topical drugs.
We have di scussed the PQRI project on blend uniformty, and
this has assisted OPS a lot in determ ning the acceptability
of the recomendations from PQRI

[ Slide]

We have debated individual bioequival ence and
replicate designs, and the conmttee has provided OPS with
f eedback that serves as background for maki ng changes to the
general BA and BE gui dance. W have had several discussions
on orally inhaled and nasal drug products, and the commttee
has made recomendati ons on BA and BE and chem stry
gui dances for these products.

[ Slide]

Al so, the cormmittee has participated in a nunber
of awareness sessions on the follow ng topics that include
l actation, polynorphism |iposonmes and risk-based CMC
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review. That is a lot. Actually, when you | ook back, we
haven't had that many neetings in the three years so that is
alot to have taken in. As | said to start with, the

di scussi ons have contributed significantly to a |ot of the
deci sions that have been made in OPS. So, | really want to
thank all of the commttee for that.

[ Slide]

Besi des the advisory committee di scussions, we
al so have a nunber of current subcomm ttees that have been
active, and many of the advisory commttee nenbers
partici pate on those subcommttees and a | ot of issues have
come out of the subconmmttees for discussion here. They
woul d i nclude the process anal ytical technol ogies, the oral
i nhal ati on and nasal drug products conmttee, and the non-
clinical studies subcommttee.

[ Slide]

Looki ng ahead, | think we have already tal ked, as
| said, about what we have acconplished in the last three
years but there is a lot we still have to acconplish in a
| ot of areas that are kind of going to cone up for
di scussion in the future.

| wanted to start off a little bit by talking
about what | see as the vision for the subconmittee
structure in ACPS. W have tal ked a nunber of tines at this

comm ttee about setting up sonme additional subcommttees and
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| think it is really inportant just to give that vision
briefly to you all. It has been our decision in OPS that it
woul d be very hel pful to have discipline-specific
subconmittees. Basically, we are | ooking at probably five
subcomm ttees right now. They woul d be manufacturing,
clinical pharmacol ogy, pharmtox, m crobiology and bi opharm

The clinical pharmacology is the only one of those
five coomittees that is set up. It actually will have its
first neeting tonorrow. Currently there are three other
commttees that are active, the PAT, the NCSS and the O NDP
subcomm ttee. What we see is the PAT commttee probably
bei ng di ssol ved and reconstituted under the nmanufacturing
subconmittee. W wll talk nore today about the NCSS
subconm ttee. The conmmttee as it is noww ||l be noving to
the National Center for Toxicology Research and we will set
up a pharmtox subconmttee under this advisory committee to
handl e i ssues that come up in this area. QONDP is stil
active. W still have sone questions that need to be
resol ved before we finalize the guidances in this area but
eventually this conmttee too will be dissolved and absorbed
into the other areas.

[ Slide]

Future focus--the future has a lot, as | said. |
think there are many issues that we are going to have to

handle in the future. The first one basically |I see as
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being really inportant, and really inportant in the reason
why we want to set up the manufacturing subcommttee is the
agency's GW initiative. | think many of you have seen the
press on the GW initiative. This is GW for the 21st
century, a risk-based approach. It wll include a |ot of
manuf acturing practices and policies. W wll be |ooking at
t hose both fromthe review side as well as the
investigational side. | think there are going to be a | ot
of scientific issues that conme up when we start |ooking at
the initiative in nore depth. W have a nunber of working
groups currently active in the Center. There are a |ot of
i ndustry working groups that are set up, and | know there
will be a lot of issues and questions that will conme up so |
amsure that we will be bringing those to the commttee.
Actually, tonmorrow we are going to tal k about sone of those.

The CBER- CDER consol i dati on--obviously, as you
know, there are certain products out of CBER that are now
going to be consolidated in COER. | amsure, as we go down
the road, there will be sone scientific issues that come up
with that; sone decisions that are going to have to be nade
about OPS and others on how to handl e sone of the questions
especially in the review area. So, | see this as sone of
t he chal |l enges we have in the future.

[ Slide]
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Devel opi ng policies and practices to regul ate new
products. A nunber of new products are out there, new
delivery systens, etc. Developing and revising new
st andards and gui dances, we will continue to have nore and
t hose gui dances all have to be revised. There are al ways
changes being nade; they are in constant flux. So, there
will be issues there as well.

W al so plan to have in OPS a focus on generic
products. There have been a | ot of questions on
bi oequi val ence nmet hods for approving generic products.
There are products that are out there currently and we do
not have the methodol ogy to be able to ensure the
bi oequi val ence of these products, and there are a | ot of
t hings down the road that we will be tal king about here, and
the evaluation of future PQRI recommendati ons. W have
tal ked about blend uniformty and there are still a nunber
of other recommendations that are going to cone out under
PORI in the near future and we would like to use this
commttee to help us in evaluating those recomendations in
maki ng final deci sions.

[ Slide]

One of the other things that is going to happen
with this commttee is that there is going to be a big
change in nenbership. | don't know how this happened, that

half the commttee is leaving at this time but we are right
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now actively replacing the people on the committee, getting
new nmenbership and stuff, but I do want to nmention up front
how much we have appreciated working with the work of group
t hat have been on this conmittee.

Thi s has been an excellent group to work wth.
The recommendati ons and the invol venent of the commttee
have been really exceptional and | just want to tell you how
much OPS has appreciated this. | especially want to thank

Dr. Lee. He has been a really excellent chair. He has kept

all of us in line, including me. | appreciate that
considerably. | also want to nention that Dr. Venitz is on
sabbatical. He will actually be at the subconmittee on
clinical pharmacol ogy on Wednesday but he will be there for

FDA, not for the advisory conmttee. He is on sabbatical
with us currently.

[ Slide]

Last of all, I just want to go through the agenda
for the next few days and tal k qui ckly about some of the
things that we are going to do and discuss. The first thing
this nmorning is that we will give an update report on the
noon-clinical studies subcommttee. Frank Sistare and Bob
Osterberg are here to present that. Then Dr. Layloff, who
is the chair of the process analytical technologies, wll
bring you all up to date on where we are with that

subcomi tt ee.
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Later in the norning we wll talk about risk-based
CMC review. If you will renenber, in 2000 Dr. Chiu tal ked
to you about this and gave you an awareness of what we are
doing in this area. W wll talk nore about the progress
with these initiatives and get your input as to the next
steps that we need to take.

Also this nmorning we will revisit blend
uniformty. W have two invited guests, Dr. Massa who is
the chair of the PORI commttee and Tom Garci a who was
actually the chair of the working group for blend
uniformty. W have made nodifications to the proposals
that were submtted to PORI and we want to report on those
nodi fications and the next steps so that we can continue to
move forward with the recomendati ons from PQRI

After lunch and the public hearing we will talk
about polynorphism At the last neeting we did have an
awar eness di scussi on on pol ynorphi sm and since that tine we
have had a workshop to tal k about sone of the issues, an
i nternal workshop in generic drugs to talk about sone of
these i ssues. W have given you all a chance to | ook at the
concept paper on polynorphism W still have sonme questions
that we would like to address basically on what direction we
need to go as far as the decision tree is concerned for
bi oavailability and stability. W wll discuss that with
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you and then we hope to finally close out this topic and
finish the gui dance.

Tormorrow we have another full day. As |
nmenti oned, we are anxious to get started with the
manuf acturi ng subconmttee. W are going to introduce that
subcomm ttee to you and tal k about what we see this
commttee doing in the future. W wll also talk about
transitioning the PAT subcommittee into the manufacturing
subcomm ttee. This commttee will basically handle all CMC
i ssues that come up. W have asked several nenbers from
industry to cone and talk to us about their ideas as far as
the subcommittee and give us their input as to howthis
conmittee will be beneficial to them

As part of that discussion in the norning and the
rest of the afternoon, we are going to tal k about
manuf acturing i ssues, sort of kick of the manufacturing
subcomm ttee. The first issue we will discuss with the
committee is aseptic processing. This is basically a
gui dance that has been drafted. You have all received the
concept paper to review. This guidance has been drafted by
the O fice of Conpliance. W have been working with them
The O fice will present to the subcomm ttee what they feel
are the questions around aseptic processing and we will get
the coonmttee' s input on what the next steps are and where

we need to go fromhere. It should be a fairly interesting
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di scussion and we | ook forward to it. It is sort of a new
way for us to handle it. W have not brought the Ofice of
Compliance into the advisory conmittee before and we feel
like this will be very beneficial. W have invited several
guests to give their input so we can have a nore vi gorous

t echni cal debate.

Basically that is the agenda for the next two
days. It is a full agenda; we have a lot to cover. | |ook
forward to the discussion on all of these issues and | | ook
forward to continuing to work with many of you even though
you are leaving the conmttee. Many of the rest of you I
have al ready asked to participate in future subconmttees
and we | ook forward to working with you in the future. So,
t hank you.

DR. LEE: Thank you very nuch, Helen. You are
very kind in commending the commttee. |In fact, | can say,
since we are ahead of schedule, | would like to take the

fl oor to acknow edge your contribution and Ajaz's

contribution. It certainly has been a pleasure to work with
the agency. | think the thing that has inpressed ne the
nost i s maki ng deci sions on the basis of science. | think
that is very inportant. | would like to stress, as we go

t hrough the deliberations today and naki ng reconmendati ons,
let's focus on the science. | think that is very inportant.

Al so, when science is progressing, | see that the agency is
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very bold in reflecting about past decisions. Certainly, we
will mss spending nights at the Ramada | nn--

[ Laught er ]

M5. WNKLE: Vince, you can conme any tine you
like. W would |love to be able to have you cone and we wl |l
put you right back up at the Ranada.

DR LEE: | think it is an inside joke! On that
note, are we ready to begin with the subconmttee reports?
The first subcommttee report will be the non-clinical
st udi es.

M5. WNKLE: Dr. Doull is going to give us an
update on the subcommttee and then Frank and Bob will talk
about the future.

Subconmmi ttee Reports
Non-C i ni cal Studies

DR DOULL: Well, we are very pleased to have a
chance to cone to the cormmittee and update you on the
activities of your non-clinical studies subconmittee. As
sone here may recall, this conmttee was established in 1999
and the intent of this conmttee is to encourage the
devel opnent of bi omarkers which could be used to predict the
adverse effects of drugs during the devel opnent phases.
Actual ly, what we were hoping to find is biomarkers which
could be used both in the preclinical and in the clinical

phases of drug devel opnment. W felt the best way to
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acconplish this would be to have a cooperative effort
bet ween the pharnmaceutical industry, between the Food and
Drug Adm ni stration and between acadeni a.

During the first year that our conmittee
functioned we spent a lot of tinme |ooking at all the
different avail able bi omarkers. W |ooked also at sone that
wer e i magi ng techni ques, PET scan and MRl and so on, and
eventually we focused on two areas. W focused on those
areas primarily because we felt there was a strong need in
both of those areas and because we felt that there was
prom se of or finding good biomarkers in those areas. As
you know, the two areas we focused on were the bionarkers of
cardiac toxicity and bi omarkers of vascul ar injury.

We appoi nted subconmttees in both of those areas
and those subcomm ttees have been working now for about a
year. During that period they have had |ots of neetings;

t hey have had workshops. It has been a very active year for
both of those subcommttees and we are now at the stage
where the subconm ttees are about ready to bring reports
contai ning their recommendati ons and conclusions to the
commttee. As a matter of fact, in the nmeeting that we held
| ast Septenber 8th and 9th, the working group on

cardi ovascul ar toxicity presented an outline of their report
whi ch the subconmm ttee approved, and the working group on

vascul ar biomarkers presented a first draft of their report
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whi ch the subconmittee also is working on. So, at the
present stage then we are close to being ready to deal with
reports fromboth of our working groups which we will, of
course, bring eventually to this group

Dr. McGregor has put together a series of slides
whi ch kind of summarize the evolution of this process and |
am not sure | can do those.

M5. WNKLE: Dr. MG egor's slides have been
passed out to each one of the nenbers of the commttee. |If
there are any questions, | think we could address those to
Dr. Doull and Dr. McGegor at this tine.

DR, DOULL: Well, if you have copies of those |
can run through them | amjust not sure how to operate
t his.

[ Slide]

The first slide, as | have already nentioned, is
the formation of the active expert working groups. It
i ndi cates on that sheet that the chair for the
cardiotoxicity group was Dr. Ken Wallace, fromthe
Uni versity of Mnnesota. There is a co-chair for the
vascul ar injury working group and that is Bill Kerns and Les
Schwart z.

[ Slide]

The next page or slide outlines a couple of issues

whi ch the working groups considered initially in their
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eval uation of this topic. The issue for the cardiotoxicity
group, one of the main issues--

M5. WNKLE: Wile John works on this | just want
to publicly thank John. He keeps us going as far as all the
t echnol ogy that goes behind putting this together. He
| eaves the roomand we fall apart.

DR. DOULL: Thank you. These are the two
subgroups. As | indicated, Ken Wallace and Bill Kerns and
Les Schwartz are the co-chairs of the groups. These are the
two issues that the working groups focused on. Mocardi al
injury is being used in a lot of human studies but we don't
have a | ot of animal correlates for the human observati ons.
Nevert hel ess, that gave us a start, a working place to go.

In the vascular area it is nmuch nore conplicated
and nuch nore in devel opnent than is the nyocardial injury.
There are a | ot of common i nmune-nedi ated effects in
animals, a lot of effects in animls which have been
observed but these have not really been correlated with
human bi omar kers.

[ Slide]

The mandate then for the group is to evaluate and
devel op understandi ng of cardiac and vascular injury in
humans and animals and to identify opportunities for
bi omar kers based on these nmechani sns, to figure out how to
do validation and, finally, to define a plan to inplenent
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the utilization of new markers, which is fairly conplicated
and woul d, of course, involve this conmttee.

[ Slide]

As | indicated, the subcommttee net on Septenber
8 and 9, and we heard reports fromboth of our working
groups. As | indicated also, both of these are under review
now by the subcommittee. W have a first draft fromthe
bi omarkers for vascular injury and we have an outline, and
the cardiac toxicity working group is working on their
draft.

[ Slide]

These are sone of the major conclusions that we
received at the Septenber 9th and 10th neeting. There were
a nunber of suggestions by nenbers of the subconmmttee for
revisions to the draft that we had fromthe vascul ar group
One of the problenms was that the vascul ar group has
devel oped a pl an whereby they woul d have storage for agents
that woul d be used in these tests and these then woul d be
provided to investigators to test various biomarkers. There
are some procedural difficulties with establishing a storage
pl ace for the agents, dispensing them and so on, and we
spent a fair anount of tine trying to figure out how best to
do that, and | think we have sonme pretty good i deas.

Bot h groups, as they went through their exercise,
identified data gaps which really hinder the devel opnent of
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effective biomarkers in both areas. W talked a | ot about
t hose data gaps and how the subcommttee could facilitate
filling in those data gaps.

The vascul ar group particularly has noved
extensively into the genomc area and is going to be doing
sonme devel opnent, particularly in proteomcs. So we
reviewed that protocol with them

[ Slide]

These are the conclusions of the other group, the
cardi otoxic group and they, of course, are focusing on
troponins as biomarkers. As | indicated, they have sone
data gaps and we tal ked about filling those.

One consideration that both groups have,
particularly the cardiac group, is now that they have
produced their report and nmade a recommendati on, that
recommendati on, of course, will focus heavily on the use of
troponins as a biomarker. The question then is what is the
next step, and our subcommttee is encouraging themto go
ahead and | ook at other biomarkers of cardiac toxicity in
t he hope that we will find additional ones worthy of
consi der at i on.

[ Slide]

The report of the subconmittee in Septenber is
avai |l abl e at the Food and Drug web site. So, the outline
for the cardiac toxicity and the first draft of the report
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fromthe vascul ar biomarkers group is available at that web
site.

| will be glad to answer any questions about the
activities of your clinical sciences subcommttee.

DR. LEE: Thank you, John. Any questions for
John?

[ No response]

Very clear. Thank you.

DR. OSTERBERG  Good norning. | am Bob Osterberg,
the acting associate director for pharnmacol ogy and
toxicology, and I will lead off with a discussion of the
pharmaceuti cal sciences subconm ttee gui dance which we have
drafted. So, good norning to you all.

[ Slide]

Let nme give you a little history of how this cane
about. | was asked by Ms. Wnkle to attend a neeting with
her and sonme of her staff several weeks ago to discuss this
particular activity. In listening to it and participating
in the discussion, | realized that it was sonething that
woul d hel p the pharmacol ogy and toxicol ogy staff of the
Center for Drugs, specifically the Ofice of New Drugs, and
| was quite pleased to find out that ny predecessor, Dr.
Joseph DeCeorge, also had agreed that this was a good thing
to occur. W spoke with Dr. John Jenkins, who was the

director of the Ofice of New Drugs, and we got his
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concurrence also. So, he agreed that this was a worthwhile
activity to pursue.

Vel l, why do we need this particular subcomittee
wi t hi n pharmacol ogy and toxicology at |east to help us out?
| would like to give you the general structure of the
phar macol ogy/t oxi col ogy group within the Ofice of New Drugs
and that may answer your question. As the acting associate
director for pharmtox | report to the medical director of
the O fice of New Drugs and within the O fice of New Drugs
we have five ODEs or offices of drug evaluation. Each of
these five offices are staffed by a nedical officer

Now, within these OCDEs we have three divisions
and, of course, they are staffed by a nedical officer as the
director. Wthin each division we have a supervisor.

Soneti nes we have two supervisors, dependi ng upon what the
size of the pharmtox group is. |In each ODE we have an
associate office director for pharnacol ogy and toxicol ogy
that reports to me, and they are responsible for sonme policy
within that ODE, that office. They also constitute a policy
group. Each of the supervisors in pharmitox constitutes the
phar macol ogy and toxi col ogy subcomm ttee which I chair, and
that commttee al so has a research subcomittee which Dr.
Sistare and | co-chair. That neans that we have a | ot of

di scussi on about the types of pharnitox research or

guestions that we would |like to have answer ed.
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The pharmacol ogy and toxi col ogy coordinating
commttee has many subcommittees attached to it, things like
carcinogenicity assessnment, genetic toxicology, reproductive
t oxi col ogy and active ingredients and botanicals, and there
are several other subcommttees which provide guidance to
t he pharmacol ogy and toxi col ogy coordi nating comm ttee.

Therefore, | think you can see that pharnitox,
based upon its structure, has no specific ability to house
its own advisory commttee and, therefore, when we got the
opportunity to participate with the Ofice of Pharmaceutical
Sci ence Advisory Commttee we thought it was a very good
idea to pursue. As aresult of this, Dr. Sistare and
decided that it was probably a good idea to draft a
gui dance, which is what we are going to be discussing this
nmorning. | wll briefly discuss the purpose, the
background, the objectives, responsibilities, procedures and
comuni cations contained within this guidance. Dr. Sistare,
who is the director of the Division of Applied
Phar maceuti cal Research, will discuss the nenbership and
ot her pharmacol ogy/toxi col ogy rel ated subjects.

[ Slide]

Let ne give you the general background of this
committee. In general, the CDER advi sory comm ttees provide
the Center for Drugs w th non-binding but highly val uable

expert external advice. However, the advice is usually very
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product specific. The pharmltox subcommttee of this
advisory commttee is expected to provide feedback not only
to the pharmtox coordinating conmttee but also to
facilitate NCTRs non-clinical studies subcomrittee in
nmeeti ng CDER s phar macol ogy/toxi col ogy research needs.

[ Slide]

The objectives and responsibilities of this
subconmittee woul d be to provide expert advisory feedback to
t he pharnacol ogy and toxi col ogy coordinating conmttee in
areas of cross-cutting research where integration of new
scientific know edge and net hodol ogy can be hel pful in not
only drug devel opnment but also in helping to identify
| abor at ory-based research priorities to address data gaps
identified by the pharnitox coordinating commttee.

Sone of these areas, as Dr. Doull nentioned, would
be pharmacogenom cs, proteom cs, netabonom cs. As you know,
sone parts of the Center for Biologics will be transferred
into the Center for Drugs probably within a year, maybe
sooner, and we will have a whole list of questions in
bi ot echnol ogy that this subconmttee could help us in
answering. W are also concerned with biomarkers, as Dr.
Doul | pointed out before. W are concerned about
alternatives to the two-year carcinogenicity bioassays,
specifically things |ike the TGAC nouse nodel, the p-53 and
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others. O course, we are concerned about genetics and
mut ageni city.

[ Slide]

As you know, the ICH or the International
Commi ttee on Harnoni zation has identified a battery of
genetic toxicology studies to help all the regul atory
agenci es make decisions, and that battery can be updated
dependi ng upon innovations and the science, and this
subconmm ttee could help us in that regard. Al so, the
subcomm ttee could provide input to the National Center for
Toxi col ogy Research, the NCSS, to address the Center for
Drugs identified data gaps. Al so, the subconmittee could
advi se the PTCC in the evaluation of research data derived
fromthe non-clinical studies subcommttee related to
phar macol ogy and toxi col ogy activities.

[ Slide]

The procedures that the subcommittee standard
deviation foll ow woul d be that the neetings of the
subcomm ttee woul d occur on an as needed basis and we woul d
anticipate two neetings per year. Regarding conmunication
agendas and topics for the subcommttee woul d be proposed by
the pharnmitox coordinating conmittee. So, in essence, the
phar macol ogy group would help direct traffic for the
subcomm tt ee.

[ Slide]
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The activities and recommendati ons of this
particul ar advisory conmttee would be given to the Advisory
Conmittee for Pharmaceutical Science, to CDER s PTCC and, as
needed, to NCTR s non-clinical studies subconmttee. A
menber of the pharnitox coordinating commttee research
subcommittee which | nmentioned will serve on NCTR s NCSS,
and that nmenber is Dr. Frank Sistare and | would like to
turn the rest of the discussion over to himto tal k about
menber shi p and ot her things.

DR. SISTARE: At the conclusion of my presentation
Dr. Osterberg and | will entertain any questions if
everything is not perfectly and crystal clear with all the
connections that will need to be nmade to nake this
successful .

[ Slide]

To summari ze essentially the process that Bob went
over, the PTCC research subconmttee played a pivotal role
in helping to identify topical scientific areas and
recommend these to CDER s pharm tox coordinating conmttee.
This research subconmttee will not be involved just in
research that will be the subject of this subconmttee; it
is also involved in helping us prioritize our own internal
research. It is helpful in terns of giving feedback to NCTR
i ndi vidual investigator initiated protocols where they want

vari ous centers to give themfeedback. It is also involved
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in identifying, for exanple, chem cals through our chem ca
sel ection working group nechani smthat may ask for funding
t hrough NTP directly. Those kind of activities will not
cone to this subconmttee; a certain subset will. So, the
PTCC research subcomm ttee serves as sort of a triage role
internms of identifying those things to the PRCC with its
recommendati ons as to how these things can be addressed.

As Bob pointed out, that PTCC, that coordinating
commttee within CDER, will serve to coordinate the input to
this specific commttee and will present those issues to the
subcommittee. Wen the decision is nmade for noon-clinical
studi es subconm ttee under NCTR to coordi nate external
col | aborative research, the concept is as well that when
that data conmes back fromthat effort and, as pointed out by
Dr. Doull, we have two pretty mature efforts right now, the
vision is that sone very helpful final data will cone back
fromthere with some recommendati ons. The di al ogue t hat
needs to take place will be directly with our PTCC and t hat
di al ogue wi Il occur also with the Advisory Conmttee for
Phar maceuti cal Science's P-T subcomm ttee regarding the
concept or the vision of the inpact of the final data
conclusions and its inpact on regulatory practice and
potential nodifications to existing policy.

We di scussed at sone |l ength the generation of the

Advi sory Comm ttee of the Pharmaceutical Science's pharnitox
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subcomi ttee nenbership, and this is really a proposal; this
isn't witten in stone yet but we need to work out the | ast
elenent. There is clearly going to be a chair person and
that person will be a nmenber of this conmttee. There will
need to be a consuner representative as well that will sit
on both commttees. |In order to ensure communications, the
feeling is that one of the menbers of the pharmtox
subcomm ttee should also sit on the NCTR NCSS as well to
make sure that there is continued dial ogue and shared
communi cati on between those groups.

The last point that we really need to make a firm
decision on is should the rest of the nenbership be a
per manent menbership of this subcommttee, or should we
establish ad hoc nenbers, maybe have a m xture of sone
per mmnent nmenbers and sonme ad hoc nenbers because we
envi sion that nuch of the focus will be in very specific
targeted areas. As Bob pointed out, there nay be one or two
neetings a year so there will be tinme to prepare and nake up
the coonmttee to nake sure if we are going to be asking
guestions about nodifications to alternative carcinogenicity
testing, for exanple, we may have nenbers with specia
expertise there. |If we are going to ask for advice on how
to integrate mcroarray into pharmtox data generation and
val i dation we may have people with specialties in those

areas. So, that needs to be worked out.
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[ Slide]

Now | amgoing to try to walk you through this
maze and this network or process and how key |inkages and
interactions really need to occur to make sure this takes
pl ace.

As | nmentioned, the PTCC research subcomm ttee
really serves as sort of a conduit to bringing advice froma
| ot of areas within CDER. There is representation on that
commttee fromboth research conponents within CDER and al so
fromall of the offices, the pharmtox divisions wthin the
maj or five offices within CDER are responsible for bringing
to the PTCC areas where we feel there is new technol ogy;
there are new questions; there are issues which may or may
not be research but at |east ought to be on the radar screen
that we need to think about in terns of nodifying our
current practice.

So, essentially this subcommttee is responsible
for identifying and prioritizing internal needs and
capabilities. As | nentioned, we have direct contact with
NCTR and this committee also is involved in oversight of
research activities within COER W have the O fice of
Wnen's Health Initiatives that may conme here when we need
sone feedback that may be pharmtox based. W have
regul atory science research initiatives that are nore data-

m ning based that this commttee will also get involved in.
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As | nentioned, NTP nom nations will also be involved in
her e.

But there is another category of research that we
have becone aware of, and that is research which is not
necessarily focused on one particular chem cal but broad-
rangi ng i ssues, issues that are not going to be handl ed by
one snmall | aboratory but issues that are going to need
external collaboration in order for themto really achieve
the inpact that we expect. This is the subject of what we
want this pharnmftox subcommttee of the ACPS to participate
in. We would like this subcommttee to advise on the
i kelihood of the inpact on drug devel opnent of research
that should be carried out in these broad-rangi ng areas.

So, this research will be coordinated wth the non-clinica
studi es subconm ttee which will sit under the National

Center for Toxicol ogical Research. Again, the research
product, the research that will be coordinated there will be
a target for external collaborative prograns. So, it is
going to be broad-based in nature.

Wth this color scheme | have sort of indicated
here that the makeup of the Advisory Cormittee for
Phar maceuti cal Science is going to be very broad-based. One
of the conmponents will be pharmtox and, as Hel en nmentioned,
there will be manufacturing; clinical pharm m crobiology. |
don't have bi opharmaceutics; that is my oversight.
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Now, to give a clear picture of the predecessor
here, the non-clinical studies subcommttee, part of ny goal
is also to explain what is going to happen to that
committee. That conmmittee is going to be under the auspices
of NCTR. How that is going to be adm nistered wll be
deci ded soon. \Whether it wll report to their scientific
advi sory board or whether it will report directly to NCTR
t hose kinds of details will need to be worked out and there
is going to be a neeting next week to get into sone of the
details of that. But the vision is that this non-clinical
studi es subcommittee will, as it is doing now, coordinate
external collaborative research initiatives that are focused
in the area of safety and toxicology research. They wll
establish expert working groups as they are doing now. The
makeup of this non-clinical studies subcommttee is
envi sioned to include nenbership from CBER and CDRH, nenbers
of the academ ¢ community, nenbers of industry and also a
consuner rep as well.

| think that pretty nmuch covers everything. Are
there questions for Bob or ne?

DR. LEE: Thank you. Are there questions? |
think there is one question about how the nenbershi p ought
to be constituted. WII it be ad hoc or kind of sem -
per manent ?

DR SISTARE: O a mxture of the two?
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DR LEE: Any strong feelings? Dr. Doull, would
you |like to offer sone advice?

DR. DOULL: W did discuss this reorganization, of
course, in the neeting of the subcormmittee and alt hough, as
you can see, it is not clearly outlined, the subcommttee by
and | arge was very enthusiastic about it. W see this as
kind of a wwn-win situation for the activities that our
subconmittee is attenpting to do.

The main concern | think our subcommttee has is
that we need to ensure that there is a conduit by which we
can bring our recomnmendations and advice to the agency, and
the nechanismthat is suggested here seens to us to be a
reasonabl e one, one that we feel will be workable in the
subcomm ttee and for this commttee.

DR. LEE: Thank you. O her points of opinion?

[ No response]

Fol ks are pretty quiet this nmorning. Well, |
t hi nk the subconmttee structure is excellent. First of
all, ny personal experience is that being a nmenber of this
conmmittee is a very scary experience because, you know, you
have to expose yourself to diverse aspects of science, and
in the end if you apply pharmaceutical commbn sense you are
okay. So, mny personal preference is actually to have a
panel constituted depending on the issues. That is

phar maceuti cal common sense.
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Thank you. Hopefully, we are saving energy for
this afternoon's discussion. Thank you very nuch. The next
one on the agenda is the PAT and Tom Layl off--1 am sure that
Tomis going to stir sonething up.

Process Anal ytical Technol ogi es

DR LAYLOFF: The first surprise is which set of
slides am| going to be using? You have two sets in front
of you. W are using the one that was handed out recently.

[ Slide]

Serving as the acting chair on the PAT conmttee
has been a very exciting thing for ne. | was fascinated
wi th pharmaceuti cal manufacture because, | amnot sure but |
think, it originated with pharnacol ogy conpoundi ng rat her
t han chem cal engineering. Because it is housed in a
conservative industry, pharnmacol ogy manufacture sort of
stays in the background and the information age and the
t echnol ogy associated with other industries, like the
petrol eumindustry, the chem cal industry, has left the
phar maceuti cal industry unscathed. So, Ajaz took this
initiative to |l ook and see if the FDA could encourage the
adoption of new technol ogies and the information age to try
and inprove the quality and control of pharmaceuti cal
manuf act ur e.

[ Slide]
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So, it has been a pretty exciting tinme, and we
will go on and ook at it. W had a neeting on February 25
and 26 | ooking at applications and benefits, and there were
some really striking benefits, nostly in turn-around tinme
and quality issues. W |ooked at process and anal yti cal
val i dati on and chenonetrics.

At our second neeting we continued to | ook at
product and process devel opnent; process anal yti cal
val i dation and the proposed PAT certification program which
is, to ne, probably the nost exciting part of the PAT
activity.

[ Slide]

Goi ng through the areas that we considered, we
| ooked at R&D efforts in pilot plants, and the R& efforts
in a pilot plant could hel p devel op better understandi ng of
processes and then identify PAT areas where they could be
enpl oyed. The PAT technol ogi es woul d have to be shown to be
suitable for intended use and they woul d have to be
val i datable. W would have to be able to validate that
t hose technol ogies were, in fact, performng correctly.

[ Slide]

The R&D efforts in manufacturing would have to
verify the validation fromthe pilot plant; investigate
transferability, scale-up issues and so forth. The

commttee al so | ooked at nodel refinenent that m ght be
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necessary and process signature; process signature used
i nterchangeably with fingerprint where you actually do not
unravel the chemi cal but | ook at broad aspects of the
process stream As you know, in pharmaceutical manufacture
the conponents are weighed into the process stream so,
actually, the only issue in going fromweighing in
conponents to final products is how you average those
conponents in a blending area. So, it is |ooking at
uniformty and consistency in the process stream and you can
use ot her technol ogi es apart from chem cal analysis, such as
fingerprints or process signatures then for FDA subm ssion
of a protocol and the original application or it could cone
in as a suppl enent.

[ Slide]

For routine manufacturing using PAT, the PAT
i nformati on shoul d have equi val ent or better inform ng power
t han the correspondi ng conventional approved or end-product
testing. Conventional testing is |ooking at the active
pharmaceutical ingredient as it noves through the process
stream and treating the whole process streamas a univariate
activity. One dinmension is |looked at. PAT should | ook nore
broadly at the polyvariate aspects of manufacturing so it
shoul d be rmuch richer information.

It is recormended that they show a table show ng

the rel ati onship between PAT testing and the current testing
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nmet hodol ogy so you constantly validate agai nst the two.

And, parallel PAT testing and conventional testing, in-
process and/or rel ease, should be perforned for a sufficient
nunber of batches, which is basically establishing
confidence in the technol ogy.

There is a level of redundancy which is a business
decision, but I think it probably will be a critical factor
in PAT technol ogy that will be nore than one technol ogy or
paral l el technol ogies to give better control.

[ Slide]

Steps for resolving OOS observations, because the
PAT is noving into a continuous nonitoring of a stream it
is possible to say if there is non-uniformty which occurs
in the streamand it occurs near the end of the process of
the streamthat you could discard the |ast 10 percent of a
production run and clear 90 percent of it. So, the PAT
coul d be used for selective rejection or partial batch
rel ease of the process streamitself.

Wthin batch trend information should facilitate
resol ution of out of specs. Because you are requiring so
much nore data on the process stream so nuch nore know edge
of the process stream you are in a better position to deal
wi th out of specs.

Until the PATs are approved for regulatory

pur poses, the conventional test results supersede the PAT
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results. That is, you stay with a conventional platform
whi l e you devel op your PAT, and the PAT is a research vision
which is not considered to be an integral part of the
process until it has been approved.

If an out of spec result is traced to an
instrunment failure, then traditional approved nethods can be
utilized for batch release in lieu of PAT. So you just have
a backup of your conventional procedures and that, of
course, is why there probably will be redundancies in PAT.
The PAT technol ogies are relatively inexpensive.

[ Slide]

Product devel opnent and process agai n--
identification of relevant critical formulation and process
vari abl es, | ooking at product perfornmance and process
control for assurance of quality is looking at critical
variables in the process streamand controlling those.

Use of indirect or inferential measurenments,
process signature or correlation--a |ink between the
statistical and causal issues between the PAT paraneter and
product characteristics. That is a logical fallout from
conti nuous stream neasurenents. Then, establish acceptable
variability. That is a very interesting point in the
process stream to define howthe PAT will fit into it and
what is acceptable variability on the process neasurenents,
t he PAT neasurenents
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[ Slide]

The definition of the process and anal yti cal
val i dation: Systens for the analysis and control of
manuf act uri ng processes based on tinely neasurenent during
procession of critical quality paranmeter and performance
attributes of the raw and in-process materials and processes
to assure acceptabl e end-product quality at the conpletion
of the process, basically a paradigmshift fromwhere we are
now, which is product-based testing, to process-based
testing where, during the process streamitself, |arge
guantities of data are acquired which are then noved into
information streans and then finally know edge of what the
processes are doing. So, it is a better understandi ng of
your processes and better control of them

[ Slide]

The existing validated nmeasurements invariably
correlate poorly with process performance. Validation
i ssues, again, are univariate and are used to infer
conpliance of these nultivariate dynam c systens. There are
| ots of exanples where the uniformty of the drug substance
is there but an excipient mght not be, which will change
t he behavi or characteristics of the product.

Measur enent has not been seen as process rel ated.
Measur ement needs to respond to process need over the

product life cycle. And, you need to understand the
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process. You need to recognize also that the conventi onal
approach to validation is limting--mght be limting;
probably limting.

[ Slide]

Further background, it is essential to understand
the process, look at the unit operations and assess the risk
potential for each unit individually, so basically noving to
a risk-based assessnment of the process stream design
systens to nmanage the risk and nake univari ate neasurenents
and nultivariate systens; to devel op systens; to establish
proof of concept; challenge validation. The objective, of
course, is to confirmthe processes and nmeasurenent validity
inreal time across the life cycle.

[ Slide]

Process anal ytical validation continuing,
validation protocols will be different for new products
associated wth well-designed, understood manufacturing
processes and existing products where PAT is applied
retrospectively. So, you can conme to an existing process
where you can apply retrospectively.

The validation plan will reflect the total system
desi gn concept since a real-tinme QO QA manufacturing
process, statistically based, essentially revalidates itself
on every manufacturing batch. So you can nmake adj ustnents

on the acceptability of the stream
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The rationale for nodel validation incorporating
the pass/fail criteria nust be clearly defined, thereby,
establishing the authenticity of predictions in routine
manuf act uri ng and ensuring conpliance.

[ Slide]

There are three distinct ways of analyzing unit
operations and rel easing products. Current operating
scenario, which is basically according to the fixed process
conditions set during the devel opnent and confirnmed during
the initial process and product validation. Release is
conducted by physical and chem cal testing subsequent to
manuf act ur e.

Anot her way, product is manufactured according to
process conditions that have been shown during devel opnent
and manufacturing to infer product performance and is
confirmed during the initial process and product validation.
Rel ati onshi ps are devel oped and confirmed wi th physical and
chemi cal testing subsequent to manufacturing runs. Rel ease
is conducted by review of process conditions during each
bat ch manuf acture--a paradi gmshift.

[ Slide]

Product is manufactured according to process
conditions that are responding to direct neasurenents of in-
process product quality or unit dosage forns as they are

bei ng manufactured. Relationships are devel oped between
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process and product performance that are optim zed and
bounded by data obtained in devel opnent and nmanufacturing
runs. Release is conducted by data collected fromin-
process product or each dosage form during manufacture.
Rel ease specification formand validation criteria can be
defined for each condition based on the nature of their
rel ease.

[ Slide]

Going on to recommendations for a guidance, for
t he FDA gui dance, the PAT should be suitable for the
i ntended purpose. There should be general validation
criteria, as discussed. It should be anchored in the |ICH
docurents, @:a and b; 6a and 6b, and the FDA anal yti cal
procedures and net hods validation procedures.

There should be in the guidance a research
exenption as a safe harbor so you can investigate the use of
PAT without having to deal with a |ot of problens. There
has to be a discussion or treatnent of out of spec and out
of trend. Trend, of course, nostly comes fromthe PAT
technol ogy to stream continuously. Qut of spec generally
refers to what you are anal yzing. The gui dance shoul d
encour age use of PAT and the FDA should have a nechanismto
institute these new technol ogi es and nmethods. Ajaz wll
address that in his presentation follow ng this one.

[ Slide]
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| think one of the nbst exciting parts of the
recommendati ons fromour conmttee was the training and
certification program and defining the course content for
that program The proposed process anal ytical technol ogy
certification programfor FDA investigators and reviewers,
hopefully, will bring reviewers and inspectors to a comon
page on perform ng the inspections and review of the
submi tted docunents.

On conpletion of the certification program
partici pants should be able to evaluate the adequacy and
performance of current and energing PATs. This
certification will require a denonstrated understandi ng of
t he fundanmental s, inportance and inpact of PATs.

[ Slide]

Participants wll be able to denonstrate an
under st andi ng of the distinguishing characteristics of a
PAT; the identification and use of process critical control
points; suitability and validity of the statistics,
chenonetric and instrunental approaches applied to PAT;
typi cal PAT applications and the associ ated capabilities and
limtations of the nethodol ogy; data handling, analytical,
control and engineering tools and vocabulary relevant to
PAT--a | ot!

[ Slide]
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Qur last nmeeting will be later this week, on
Wednesday, and we will deal with conputer software
val i dation, security, electronic batch records and
signatures as they apply to PAT. There will be a breakout
session with a nock PAT subm ssion, and there will be a
session on rapid mcrobial testing. At the end of this
nmeeting informati on needed to devel op a general gui dance
shoul d be available to the FDA

That first issue, discuss issues related to
conputer validation issues, is Part 11 which will have a big
i npact on PAT because PAT is very information rich.

Now I will turn to A az.

DR. HUSSAIN. | seek your perm ssion to share with
you what we have | earned fromthe subcommttee so far.

DR LEE: Pl ease proceed, and are you going to
take all the difficult questions?

DR. HUSSAIN. Yes. Tomjust got back from Africa
and | met with himyesterday to wal k through sone of the
pr ogr ess.

[ Slide]

Since we have sone tine, thank you for permtting
me to share sone nore thoughts on the PAT and gi ve an FDA
progress report on what we have been able to do so far.

| amvery pleased to share with you that the PAT

i nspection team has been assenbl ed. This includes
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participation fromOfice of Regulatory Affairs, Center for
Drugs and Center for Veterinary Medicine, and | see ny
col | eagues in the audience. The Center for Veterinary
Medicine is part of the PAT initiative itself.

We held quite a successful neeting a couple of
weeks back and this brought us tal king together and getting
themready for the extensive training and certification
programthat starts in Decenber.

The curricul um devel oped by the PAT subconm ttee
was the basis for developing training contracts with three
school s, three universities, University of Washington, the
Center for Process and Anal ytical Chemi stry; University of
Tennessee, the Measurenment Control Engi neering Center; and
the University of Purdue. Wat we have been able to do is
bring the chem stry, process analytical chem stry, clinica
engi neering and industrial pharmacy together to bear upon
the trai ning needs of the PAT review and inspection team

They have al so put together a PAT policy
devel opment team and have been successfully recruiting
engi neers and industrial pharmacists for this team W have
been maki ng significant progress with the PAT research and
t here have al ready been publications and several
presentations planned for a neeting.

[ Slide]
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To share with you the PAT team in a sense we have
a PAT steering comrittee that includes Doug Ellsworth,
Denni s Bensl ey, Mke O son, Joe Famul are, Yuan-yuan Chi u,
Frank Hol conb, Mheb Nasr and nyself. So, you can see from
this menbership that we have brought in individuals from
every organi zation wthin FDA which has an inpact and has
responsi bility for manufacturing and fromreview to
i nspection and from human drugs to veterinary drugs.

The PAT review and inspection team nenbers were
nom nat ed by each of their organi zations, and investigators
were selected to represent different districts. You have
Atl anta, San Juan, New Jersey and Phil adel phia districts
represented. Then conpliance officers, as identified, wll
be part of the program and reviewers from both new drug
chem stry, generic drugs and Center for Veterinary Medicine.
So, essentially, this will be the review and inspection team
that will be responsible for subm ssions and issues rel ated
to PAT that conme in. This teamw || undergo an extensive
training programstarting in Decenber.

We al so have a PAT policy devel opnent team which
essentially is working under the PAT steering commttee.
Here you | ook at Raj Uppoor, a review chem st with
i ndustrial pharmacy background; Chris Watts, fromthe
University of Tennessee, an industrial pharmacist with a

bi onedi cal engi neering degree; and H quan Wi, a chem cal
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engi neer, who all have very broad experience. W are still
waiting for one nore nmenber to cone in with process

anal ytical chenm stry expertise. Wen he is on board | think
the teamw ||l be essentially conplete.

We have PAT training coordinators. John Sinmons
and Karen Bernard are sort of managing the training program
with the help of Kathy Jordan. So, this essentially has
evolved into a full-fledged teamw th organi zed efforts
leading to facilitating inplenentation of a PAT program
wi t hin FDA

[ Slide]

To share with you, the input fromthe advisory
committee's subcomrittee on PAT has been extrenely val uable
to setting up a conception framework for PAT, actually not
only to devel op that conceptual framework but also to help
est abli sh consensus with an outside agency and even in the
international arena. | recently received a copy of a
publication from EFPIA which is the European version of
PhARMA whi ch essentially has incorporated sone of these
concepts, and in many ways | think harnoni zation is
occurring w thout any effort or w thout any designed
efforts. So, that is a very good sign

As we nmove forward, | think we have started to
| ook at PAT as a part of an exanple of the new FDA-w de

initiative of cGWws for the 21st century. You can see why
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once we have all the information relevant for the general
gui dance the activities of the PAT subconmttee could sort
of be under the manufacturing subcomttee, and that woul d
sort of evolve to that step

[ Slide]

Just to share with you the key el enents that
formed the conceptual framework for the PAT, | could talk
for three hours on this but I will not, it sort of addresses
every aspect of the manufacturing fromincom ng raw
materials and using that information of attributes of
incoming raw materials to adjust your process paraneters,
and to neasure the processing on-line, and focusing on
process critical control points and novi ng towards
endpoi nts, process endpoi nts and maki ng deci sions in real
time using chenmonetrics and information technology tools to
have indirect or inferential assessnent of quality and
per f or mance.

It also sort of brings into focus the continuous
i nprovenent. How do you develop this; how do you use the
desi gn of experinments and how can you benefit fromthat.
Optim zation of continuous inprovenents sort of evolves from
this. It also opens up the possibility of evolutionary
optim zation. Managenent of change, formnul ation process
change has al ways been a challenge and will continue to be a

chal | enge in pharmaceuticals but having neasurenent tools
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that can relate to product performance or predict
performance actually offers many new opportunities which
have not existed before. W can even start thinking about

t he concept of evolutionary optim zation which has been sort
of not a practical process in pharnmaceuticals but is a very
val uabl e tool outside the pharmaceutical industry.

Real |y the PAT framework not only sort of enhances
our ability to inprove quality but also inprove efficiency,
and what we also have to do is to start thinking in ternms of
a nultivariate systens approach, not just focus on
uni vari ate assessnent technol ogi es that we have been used
to. It also brings in risk classification and mtigation
strategies that takes us to the next step.

[ Slide]

| wll sort of spend a few m nutes on that very
topic. One aspect which sort of summarizes Dr. Kibbe's
wor ki ng group's concept at the last neeting was that quality
has to be based on know edge, and that is an inportant
concept and that relates to science and risk-based cGWs in
one of these fashions.

Let nme explain this. Data information know edge,
| think everybody understands that. Today, to a |large
degree, FDA's responsibility is to assess whether the
quality of a product is acceptable or not. In many ways we
address the question was quality built in or was quality

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.

Washi ngton, D.C. 20003-2802
(202) 546- 6666



Sgg

designed into the product or not in the review and the
i nspection site.

The information that is generally available to the
review staff when they set specifications is limted, and in
the U S. particularly devel opnent reports and devel opnent
history is not available to the reviewers, which is
different from Europe. So, they are blind in many ways and
often we criticize the CMC processes as very conservati ve.
The reason for the conservativeness is because of |ack of
i nformation.

So, today it is often difficult froman FDA
perspective to assess whether the quality was built in by
design or not. The reason for that is that our decisions
tend to be based on data derived fromtrial and error
experinments and deci sions based on a univariate approach.

As a result, our systens are very conservative and we have
to nmonitor and inspect every step of the way. So, that is
one perspective on what the current situation is. | know of
many conpani es whi ch do extensive process devel opnent

optim zation and a lot of things, but that information is
often not shared with the FDA for reasons of mistrust in
many ways--how wi Il the agency use this information.

Wth PAT what we have tried to do is to sort of
shift that paradigmand say all right, in a sense, when we

have information that allows us to have causal |inks
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established within critical variables and product
performance, and al so our ability to inprove or predict
product performance is visible and can be utilized we can
nmove up in this know edge pyram d whereby quality by design
is easier to determne. It will belimted to the
experimental design phase but it will be nuch better than
what we have today. Then we can start focusing on a risk-
based approach to GWw and CMC we now focus nore on critical
process control points rather than every step of the way.

Clearly, as you nove up on this know edge pyram d,
when you build nore nechanistic understandi ng of processes
that relate to performance and nove towards first principles
t hings change. But that is a najor challenge. Qur systens
are often very conplex in a physical and chem cal sense so
it is highly unlikely that we will reach first principles in
nost dosage forms. |In sone cases, |ike gases, yes, we could
probably utilize thermodynam c principles directly but PAT
sort of sets up a framework for inproving know edge in
pharmaceuti cal manufacturing and inproving regul atory
decisions. So, that is one sort of |earning that we have
fromthe PAT subconmittee discussions.

[ Slide]

Let ne sort of spend a few mnutes on risk and how
does the agency address risk and how t he agency can address

ri sk under the PAT scenari o. | have used the SUPAC
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classification of risk, level 1, 2 3, level 3 being the nost
severe risk. A concept that is prevalent in many different
systens but | have used the GW, which is an | SPE docunent
on good autonmated manufacturing practices, version 4.

Let me explain this. Inpact on quality of a
change or of a critical variable, if we judge that to be
hi gh, in the SUPAC gui dance we sort of canme up with genera
consensus on what inpacts quality nore. The SUPAC gui dance
says if you change nmagnesi um stearate by nore than such-and-
such a percent then it is a major change. |If you change
| actose at that percent, it may not be a major change. So,
we essentially have that in there. But what we do not have
is a refined method of assessing risk |ikelihood.

Keep in mnd that the possibility of this
i keli hood or probability is the discussion here. Is it
possi bl e that a change or a manufacturing variable can
i mpact quality and performance? Yes. |Is it probable? W
don't know unl ess we have better understanding. Wth PAT,
as you nove towards quality by design and systens based
t hi nki ng, you can actually get a better handle on risk
l'i kelihood and, in fact, reduce that risk |likelihood. What
that can do is actually lower your risk classification under
t he SUPAC concept. So, sonething that is a |level 3 change,
if you reduce the risk likelihood to | ow you could nove

towards a | evel 2 change sort of a scenario.
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[ Slide]

Once you have reduced the risk classification, you
can further have a better understanding if your risk
priorities about where to put your resources and focus on by
aski ng the question how does quality by design and systens
approach i nprove the probability of detection of a deviation
or arisky situation, with nultivariate technol ogies we are
tal ki ng about we can actually increase or enhance the
probability of detection of a problem and, therefore,

t hi nk the PAT concept not only brings a higher |evel of
sophi stication to our risk assessnent which is science
based, by reducing risk classification we are al so

i mprovi ng, increasing or enhancing the probability of
detection. As a result, the risk priority where the agency
could focus their risk situations would be lower. So, that
is how |l feel.

| think the PAT subconmittee has been very
val uable in sort of formulating this conception frameworKk.
As we nove forward, the third neeting will give us the key
aspects of conputer systemvalidation and sonme of the Part
11 issues that we need to address as we facilitate PAT
i ntroduction.

One of the thought processes right now, and what
we have done is to provide the subconmttee with all our

current gui dances on software validation which have been
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devel oped by the Center for Devices. | personally |ike

t hose gui dances because they are very straightforward and
pragmati c approaches to software validation. M/ proposal to
the subcomm ttee would be to take a | ook at those and see
whet her we can sinply refer to that or adopt sone of those
so we don't have to reinvent the wheel

There are definitely issues related to software
security, electronic signature, electronic batch records.

We hope to get that information from conpanies and fromthe
menbers of the commttee on Wednesday.

| am also very excited to share with you that two
conpani es have subm tted nock subm ssions for discussion on
Wednesday. One is by the Bristol-Mer's PAT team It is a
wonder ful exanple of crystallization, controlling
crystallization on-line and sort of how does that relate to
product quality. So, | amexcited and | ook forward to
di scussing that case study with the subcommttee on
Wednesday. Thank you.

DR. LEE: Thank you. Ajaz, would you like to take
some questions, if any? Are there any questions for A az?
Yes, Lem Moye?

DR MOYE: | was trying to think through this
process and how biostatistics is involved in this. | guess
| was pl agued by sonething and pl agues are probably at their

nost effective when they are shared so | amgoing to share
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it with you. That is, at |least fromny point of view, we
are trying to adm nister a process we don't really
understand, and we are trying to encourage the evol ution of
a process we don't really understand,1 and that is to say
how a conpound is manufactured fromthe beginning to the
end, the ingredients, the quality of the ingredients, the
bl end of the ingredients. And, froma macro point of viewl
think we all understand how this is done, but in order to
conpletely elucidate what the critical decision points are--
you nentioned the word optim zation, that we ought to
optimze this. | think we can't do it w thout understandi ng
it. | think that is one of the points you made in one of
the latter slides that you provided.

| guess it is a curiosity to me, and | don't
expect anybody to answer it for ne, how the pharnaceuti cal
conpani es have managed to escape full elucidation of this.
| f you |l ook at the petrochem cal industry, that is clearly
under st ood, what they do and also to sonme extent the nuclear
industry is clearly understood. Yet, the circunstances we
are in now are different. So, this is a question that was
too hard for me to answer so what | usually do is speak to
sonme people who are smarter than I am

So, | spoke to some people in chem cal engineering
and engi neering in general and they nmade the follow ng

recomrendation that | just want to pass along. That is, why
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not begin a process that has been very useful for these
alternative fields, and that is one of sinulation?

Si mul ati on techni ques now are far superior than they were
twenty-five or thirty years ago and I think we would get two
things fromthat. Nunber one, we would understand the
process. You cannot accurately sinmulate sonething that you
don't understand, and the process of sinulation would
require us to begin or to continue to ask the questions that
we need to ask to understand this. Wat information are we
m ssing to fullly understand this, nunber one?

Nunber two, the output fromsimulation allows you
to identify new critical points that perhaps weren't so
obvious fromthe macro view, and al so allows the opportunity
for further optim zation of the process.

You tal k about you can't use a univariate
approach, it has to be nultifactorial and another that |
heard is polyfactorial, that all suggests to nme that the
parametric approach--we are a little too immture in our
under standi ng of this entire manufacturing process to be
able to conme to grips with it froma paranetric approach
So, given sinulation tools are becom ng increasingly useful
frompetrochem cals right up to NASA, why don't we consider
usi ng those here?

DR. HUSSAIN. | have a slightly different

perspective. | think you nmentioned that systens are not
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wel | understood and so forth. There are two aspects to
that. One is what is available froma regul atory

per spective and deci si on-maki ng? Conpani es, when they
devel op their formul ati ons and processes do vali dati on.

They do extensive optim zation. But often that information
is not fully shared by the agency. So, the agency view of
that is in absence of all that available information. So, |
amnot sure | fully agree with the concept that the systens
are not understood because we have been manufacturing and
establishing this for years.

What is mssing is the ability to comunicate the
optim zation strategies to the regulatory authorities, nore
so than anything else. As we sort of nove forward | think
we are opening up channels for further communi cati on and
bringing nore of these data into a deci sion-nmaking process
which will sort of help the agency conclude the optim zation
aspects that industry itself has done.

The other aspect | think is that in many ways the
phar maceuti cal dosage forns are far nore conplex. Wen you
deal with solids, physical chem cal systens, understandi ng
and using sinulation tactics for that is far nore difficult.
| think petrol eum would be a very sinple systemto sinmulate
conpared to pharmaceuticals. So, | think we have to, in a
step by step fashion, sort of proceed and sort of bring sone

of this know edge in.
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DR MOYE: Well, let nme ask you directly. Do you
think sinmulation is an adm ssi bl e procedure even though it
is nore conplicated than in the petrochenmical field? And, |
will accept your representation of that. Do you think it is
an adm ssible strategy?

DR. HUSSAIN. In fact, | have been | ooking at that
very question with respect to fluid dynam cs and how sone of
that can conme in. At sonme point, | think as we nmake
progress eventually there will be a role for that. | am
| ooking at Ken Morris who has recently published in two
publications in this area. One was sort of nodeling the
bl endi ng operati ons and predicting what the bl ending
conditions should be for a higher scale, and so forth. So,
there is already a | ot of progress. Wen wll that becone
val uabl e froma regul atory perspective? 1In due course of
time | think we will nove in that direction.

DR LAYLOFF: | would like to reinforce that. You
are dealing with a very heterogeneous systemand in the
process stream you have particle size ranges; differences in
density of the various particle portions of the stream
When you start tal king about nmoving to fingerprints and
signatures it neans that you really can't identify all those
di mensi ons when you try and nove back statistically to a
nor e behavioral type approach to it rather than a

guantitative sinulation.
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DR. MOYE: Again, | don't deny it is conplicated.
| nean, it is one of the reasons we are here tal ki ng about
it. | just think that sinmulation procedures and al gorithns
have evol ved far beyond what they were even fifteen or
twenty years ago and that there nay be an aspect of that
that would be worth including in a sinulation. Also,
sinmul ations are evolving. The first nodels are going to be
clunsy and cunbersone but as experience grows, as expertise
grows, as the nodeling tools get nore sophisticated you wll

get sone useful output if sincere effort is put into the

nodel .

DR. LEE: Yes, | do agree that sinulation has a
role. | think it would really put how much you know to the
test. If it doesn't fit, that nmeans that we don't
understand. As little as | understand the process, | think

PAT appears to make the entire process nore transparent;

that you have lots of information. 1In fact, | don't know
why can't you shut down the process if you are willing to
set sone specifications along the way? | guess for PAT, as

| understand it, you collect information as you go al ong and
you can anticipate the range which you can tolerate. Can't
you just say, okay, this is how much |I can tolerate and then
if there is any venture outside these boundaries then the
process shoul d shut down.

DR. HUSSAIN. It is possible, yes.
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DR KIBBE: Let ne inject. | think in the
evol ution of any technol ogy, and our industry is relatively
old in alot of respects and, quite honestly, | was pl eased
to see that we recogni ze that nmanufacturing came out of
conmpoundi ng and didn't cone out of direct application of,
say, the petrochem cal industry's way of processing. W are
in the process of noving increnentally forward. | think the
application of nodels to the systemis useful, but | think
the original nodels that we cone up with will be
oversinplifications and wll gradually iterate.

We are | ooking at PAT now, whereas the next
iteration in our ability to control very conplex systens--
and we don't need to know every aspect of the conplex system
well to be able to get to an endpoint that is useful and
viable. It is alnpbst evolutionary in that we are going from
end-stage testing to in-process testing which is the
direction of practically every industry over the years.
Quite honestly, a |lot of what we have done in the past has
been al nost superstitious in the way we have done it. W
have nade a good tablet this way; we are not going to make
it any other way because that is the way we nade a good
tabl et .

There is a wonderful exanple from Samurai sword-
maki ng which is nade under an extrenmely ritualistic nmethod

because they didn't understand netal |l urgy but they knew if
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they followed every single one of these steps they ended up
with a wonderful sword. Well, as we get nore and nore in
depth either through direct nmeasurenment with sone of these
nore sophisticated in-process tools or the application of
nore sophisticated nodeling, | think we are going to be
i mprovi ng continuously.

VWhat | see here, which is nore inportant than al
of the science and all the technol ogy, is an opening of a
w ndow and a reduction in suspicion between the regul atory
agency and the regul ated industry on making i nprovenents in
process control and in end-product quality. In the past |
thi nk we have seen real reticence to inprove products at al
and you see sone wonderful exanples in the industry of
products that are being nmade today the way they were made in
1932 because no one wants to cone forward and inprove the
product for fear of what that neans in terns of the
mar ket pl ace and the regul ation of the product. | think what
we have done here and what | think A az and Hel en have tried
to do and what the industry has responded positively with is
novi ng away fromthat old "heels dug in" process that we had
into this.

First, | agree with your concept of putting nodels
toit. | think it is going to be iterative. W are going
to have information. W are going to put nodels to it.

Those nodels will work in sone cases; won't work in others.
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W will get nore information out of the nodels. W wll get
nore information out of what we call fingerprinting and
t oget her the whol e process will nove forward. As |ong as we
mai ntai n the open di al ogue between the regulators and the
regulates, | think we have a good shot at it.

DR LEE: Judy, would you like to say a few words?

DR. BOEHLERT: | would just like to make a
comment. Another area where | think we are going to inprove
the way we | ook at processes is inproving the way we | ook at
the input to those processes which are the raw materi al s.
Ri ght now we | ook at the active ingredient and we do a
pretty good job there but not perfect because we are | ooking
at polynorphismat this nmeeting. But excipients is a very
bi g i ssue where there hasn't been a | ot of attention,
particularly to physical properties. W do the testing that
is in the Pharnacopeia and say, okay, we are done. | think
t he PAT approach is going to force us to take a nuch cl oser
| ook at those raw materials and control them better than we
have in the past, and that is an evolving area and nmany
people are looking at it but we are not there yet.

DR LEE: Leon?

DR. SHARGEL: Yes, | have a couple of coments,
perhaps related but looking at it alittle differently.
think the PAT is quite interesting. However, fromthe point

of view of older or previously approved drug products, when
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we have new technol ogy we often have new standards and new
tests for things that m ght not have been noticed in the
ori ginal manufacturing process.

So, the first question is how will these PAT
effects or new standards be affecting ol der products that
are already manufactured? The second is that we often have
sonme products that are probably |low volunme. By that, | nean
only a few batches per year are nmanufactured and the cost of
PAT is going to be high for those small manufacturers who
are making smaller volune product. |If the cost is very high
and regul atory inpact is high, then there will be a | oss of
t hese products to the marketplace. So, | amwondering if
t he agency or anyone has consi dered these issues.

DR. HUSSAIN. Well, | think with respect to the
PAT we were very, very clear that this is not a requirenent
for anybody. This is sinply for conpanies that have the
know how, that have the technol ogy but are hesitant to apply
and utilize, this would benefit that. Eventually, | think
in the short-run or in the very near future what we hope is
t hat maybe a few handfuls of conpanies will nove in this
di rection because we are not planning for everybody to do
this. As the know edge and information grows, | think if
t hi s makes busi ness sense everybody will nove in that

direction automatically if it nmakes business sense.
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There are two incentives that we are trying to
sort of provide. One is what we are calling a safe harbor
concept. The term safe harbor may not be in the guidance
but a research exenption type of a termw ||l be there. Wat
it sinply neans is that the current products, as being
manuf actured and rel eased, are fit for intended use. W
have approved those. So if you identify problens when you
use the new technol ogy, that is not going to negate those
products anyway. And, we have |earned with any new
technol ogy, |ike HPLC and so forth, how to nmanage that. So,
that is not a major challenge from one perspective.

The ot her aspect was that in many ways we are sort
of changing the paradigmhere. |In fact, the argunent you
posed was for sone slow volune products and that this may be
a problem You don't have to do it for the | ow vol une
products to start with, but I think a better answer to that
is that I think we can actually nmove to miniaturization of
t he manuf acturing process in a continuous node. There are
some wonderful experinents being sort of proposed. | can't
mention the conpany but it actually goes to a continuous
manuf act uri ng node and the entire manufacturing unit would
be on a desk top sort of thing. So, | think the paradi gm
will shift and the shift will keep occurring in all aspects.

Tont?
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DR. LAYLOFF: | was going to say that when we
| ooked at the PAT technol ogy there was al ways the question
as to whether it was tied to a process step or a product
step because the signature is a product step but the
technology itself is a process step. You link it to a
process rather than a product. So, if you start |ooking at
a process you can put the PAT technology in and then, of
course, it doesn't care what product it is |ooking at
because you establish signatures for the range that you are
doing. It has nothing to do with volume. It is concerned
wi th how you nonitor a process step rather than a product.

DR. SHARGEL: | understand the idea of the
process. The thing is if you have a product that is not
| arge and you want to now use a new technique to | ook at the
process, that becones a business decision whether you want
to nmove to the new approach or continue with what has been
useful. However, as we have new processes we often have new
standards and then, again as you are saying, whether you are
phasi ng in new and ol der standards, as sonetines happens,
that inpact then the versatility of the new process whet her
it is dedicated to a |large vol une product nmay not be as
easily done where you are using a tablet press for two or
three different products every six nonths, or something.

So, these are sone of the issues to | ook at.
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DR. MOYE: Can | respond to that? | take your
point but it doesn't have to be a total |oss for a smal
conpany to assume this new process paradigm For exanpl e,
there may be sone identification of a new optim zation
procedure that would allow for nore cost efficiency, and a
| ow vol unme produci ng agent could take advantage of that and
al so the product mght be safer. So, there may be sone
definite advantages to the switch even though there m ght be
i ncreased cost in the short term

DR. LEE: Efrainf

DR. SHEK: | want to address ny coments to what
Judy was tal king about, the excipients. They are very, very
critical, you know, and today | don't think we have a good
way to handle it. Some of the aspect is basically getting a
partnership with the excipient manufacturers. Basically, |
t hi nk our business as a pharnmaceutical is a small part of it
and that is an econom cal fact and reality, and changes in
t hose excipients are really affecting any optim zation or
even simulation that, you know, we have done before.

| amintrigued by the sinulation aspect. | talked
wi th chem cal engineers, and |looking at, let's say, the nost
econoni cal process to nmake solid doses or tablets, | don't
think today, as far as | know, there are good nodels to even
do a scale-up. So, you can optimze it in a small scale and

then you start all over as you increase. There has to be a
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way to nodel and predict basically what you expect to be
happeni ng.

The ot her aspect which we have to take into
account is that today the investnent over the years for
equi pnent and unit operating processes is extrenely
expensive. | believe there are better ways to nmake tablets
with other fornms which will be predictable as well as you
predict for making liquids, where | think we have nodel s
today. But this is a tremendous not only product shift but
an econom cal shift to replace the equipnment that we have
today. So, at least | ook at the PAT as a way to collect a
significantly huge amount of data and maybe with this data
you can go to the next step and understand the process
better and take the next step.

DR LEE: Well, now you hit on a very inportant

point. You said you have lots of data, lots of information.

Can you share it? | hope it can be shared.
DR HUSSAIN. | think there are sort of three
points that | wanted to respond to, if I may. One, | think

the sinulation aspect is a wonderful sort of step towards,
you know, the first principle of getting into that and I
think that will be the goal of sort of bringing the

knowl edge of pharmaceutical manufacturing to such
quantifiable and predictable nodel. Essentially, | think

that is all of our dreamanyway. | think |I fully support
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that. | just want to nmake sure that my comment did not cone
across as not supporting that.

Efraimrai sed several issues. One was the issue
of excipients and he pointed out that the pharmaceutical
volunme is a fairly small volunme, and the suppliers of these
excipients apply to a nuch larger volune and if we start,
you know, sort of making nore requirenents on these
exci pients, then either they won't sell it to us or the
prices will sort of go up. So, that definitely is sort of
one concern.

But in the PAT concept, if you really look at it,
in a sense it allows you to handle the variability
associated with the incomng raw materials in a different
way. You have two options. One option is to apply
stringent incomng raw materials specifications and not use
materials that do not neet all the physical attributes.

That woul d sort of add to the cost but, at the sanme tine,
you could actually say | will sinply use USP NF sort of
criteria and the physical attributes that are different |ot
tolot, I will manage that with a process which will be
fl exi bl e enough to adopt that. So, that is the concept the
PAT sort of brings in, that is, you will blend until it is
uniformrather than blend to ten m nutes because blend to
ten m nutes assunes that your raw materials are simlar al
the tine. So, if you blend until it is honbgeneous you can
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acconmodate certain variabilities that are inherent in your
starting raw materi al

That is the reason | felt that, instead of noving
towards a functionality test and requiring those in the USP
you may just manage the variability in nore intelligent ways
with the processing technologies that are currently
avai l able. So, that was sort of one aspect.

DR. LAYLOFF: | don't think the excipient industry
is going to create a standard for the pharnmaceutica
i ndustry, but | think that you can establish robustness on
the signature or fingerprint to have a control which allows
that variability because you define a certain fingerprint

and you coul d have robustness on the critical control

poi nts.

DR. LEE: Toby?

DR. MASSA: Ajaz, you and | have tal ked about this
many, many times. | think for PAT to have acceptability
within the industry--1 still don't think it is clear to a
ot of us in industry howthis will inpact devel opnment and
validation. It is being discussed with a smaller group of

people and I think for this to have universal acceptance,
since it has been discussed that PAT will change our concept
of validation as we know it today, and | truly believe that
based on everything I have heard, |I think we have to be

broader in the nmessage that we are sending to industry. It
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is not clear to industry as a whole howthis wll inpact
validation as we know it today. Validation really has two
nmeani ngs dependi ng on whet her or not you are talking about

t he European concept of validation or the U S. concept of
validation. So, | think that is the first thing that really
needs to be addressed.

The other thing, and it is tied to that, is that
we need to nmeke it clear how all of the data will be handl ed
under Part 11. Part 11 is an extrenely burdensone
regul ation on industry and there is a study that PhARVA wi ||
be releasing in the not too distant future that shows that
the cost inpact of Part 11 to every conpany is over 100
mllion dollars to make their systens to be totally Part 11
conpliant. W have to nmake it clear what the safe harbor is
going to be for all the data that the conmputer systens that
are going to handle all of the data that will be generated
on Part 11.

So, | think those two things really need to be
made clear. | know that is still evolving but before PAT is
going to get the acceptance that we want it to have and the
i npact that we want it to have those two things really do
need to be delineated for industry.

DR HUSSAIN. Well, in terns of the first coment,
t he nmessage not reaching a w der audi ence, we hope that the

future workshop that we are planning as well as the GW
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initiative could be an exanple would sort of start
hi ghl i ghti ng some of the advantages and how this will inpact
on validation, the review and so forth.

The second point you nade with respect to Part 11,
| think we understand the chall enge ahead and we are
starting to sort of focus our discussion on those very
topi cs on Wednesday. At the sane tine, what the GW
initiative has done is nove responsibility of Part 11 to
CDER now. So, that gives us a better handle on | ooking at
t he PAT and those issues and comng to sonething nore
rational that is conducive to innovation and new t echnol ogy.
So, that is a significant challenge and we hope to start
addressing that soon. | don't have an answer today for you.

DR. KIBBE: A couple of things that canme out of
some of the other comments--1 don't want to drag on this
di scussion intermnably but, first, PAT is going to give us,
| believe, a nuch tighter understanding of the variability
of the system | think some people worry that that wll
mean a higher cost to control those variables, and we need
to keep clear that if there is variation but if it is
livable, even though it is statistically significant it
isn't clinically significant we can still live with it. |
nmean, the cost benefit of cleaning it up or not cleaning it

up has to be worked out.
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| think PAT is going to give us an opportunity to
go to al nost batchless manufacturing. Wth batchl ess
manuf acturing validation of the process can be neasured in
ternms of how many days does the process run snoothly rather
t han how many batches do | have to manufacture. Then, if we
go to batchl ess manufacture, if we go to a conplete flow
process manufacture, then perhaps we can validate on the
same equi pnent that we are going to use continuously because
t he anobunt of output is going to be 24 hours a day, 7 days a
week and, instead of having to scale up froma batch of a
200,000 tablets to a batch of 10 mllion, we just turn the
process on and let it keep rolling and when it starts to
vary outside of the paranmeters we have set for it, then we
make corrections to it. | think it is going to save
conpanies a |l ot of noney, and | think conpani es can | ook at
smal l er, nore efficient production lines, smaller, nore
ef ficient continuous processing from beginning to end.

Also, | don't necessarily agree with Tom on our
exci pient suppliers. W mght not be their |argest buyers
but we are a significant purchaser and if there is going to
be an i nprovenment in what we can do, if they will inprove
what they do then the negotiated cost back and forth between
what it costs us to get it and what it costs themto do it

we m ght actually get sone tighter controls on sone of the
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excipients. | amthinking in terns of conpressible
exci pients and things |like that.

So, | see this down the road as a real win-wn
situation not only for the nmanufacturers but the end users
and even for the suppliers who have an even better idea of
what they need to supply and how to do it.

DR. LEE: And | think certainly for the American
public. Well, | think it is a very interesting subject. W
can go on forever and certainly this is a concept like the
early days of software, and | hope that we see wonderf ul
t hi ngs happening with that. Anybody el se want to say a few
wor ds about the PAT before we take a break? W are way
ahead of schedule but | amkind of worried about the
afternoon. | propose that we take a break and reconvene at
about 10:35. Thank you.

[Brief recess]

DR, LEE: So far we have had a very good
di scussion and now we will introduce the section on other
updates, risk-based CMC review. 1Is Dr. Chiu avail abl e?

O her Updat es
Ri sk- Based CMC Revi ew

DR CHIU | will need technical support. Good
nor ni ng.

[ Slide]
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Dr. Vilayat Sayeed and | will give you an update
to the CMC risk-based review. This is a project initiated
in the year of 2000.

[ Slide]

As you recall, the project is actually | ooking at
perform ng CMC revi ews based on risk of the product, based
on product quality risk. At the tinme we proposed this we
were | ooking at the products and tried to find out the
attributes and al so the acceptance criteria to define a
product as low risk. Then, if we conpiled a list of drugs
whi ch shoul d be considered |ow risk, then we will have
reduced CMC oversight with respect to information submtted
to the agency. Perhaps we will elimnate nost of the
suppl enments to the NDA and the ANDA. \What woul d be | eft
woul d be mainly the changes described in the law W wl|
reduce the CMC informati on needed to be submtted to an
original ANDA and to the annual report of an approved NDA
and ANDA.

[ Slide]

Over the years, since the year 2000, we have had a
nunber of internal discussions. W brought the topic to the
CMC, to the conponents coordinating comrmittee neetings. W
had internal scientific rounds. W had nany neetings anpong
the reviewers. W also brought this topic to this commttee

tw ce, once in Novenber, 2000 and in July 2001. There was
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an AAPS wor kshop. Through those neetings we received nmany
useful, constructive comrents.

[ Slide]

This project is a three-tier process, as you know.
The first tier includes two steps and we are in the first
tier. The first one, step A is to establish attributes and
acceptance criteria which we can used to define a |low risk
drug. W are going to issue a draft guidance, hopefully
early next year, to define the attributes and acceptance
criteria. We will then have public comments. After that,
we will finalize the guidance and based on the attributes
and criteria we will propose a drug list which will be
considered lowrisk with respect to quality. W wl
publish that list as a draft. Then we w |l have comments
fromthe public on whether that list is realistic, whether
ot her products should be on the |ist, whether sone products
shoul d not be on the list.

After receiving the coments, then we will
finalize the drug list after internal nmedical consultation.
That is tier two, which is the nedical safety eval uation.
Once we finalize the list, then applications for those drugs
considered lowrisk will have | ess FDA oversight. However,
whet her a conpany will be eligible for that privilege wll
be based also on their GW conpliance history. So, that is

tier three.
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[ Slide]

W tal ked anbng oursel ves about the general
principle for the final list drugs. |In this diagram on the
Y axis is the probability of detecting product defects or
criteria attributes. Wen you have a high probability of
detection, then the risk is low. \Wen you have a | ot
probability of detection the risk is high. On the X axis is
the conplexity of the drug substance, drug product
characterization. So, sinple nolecules would be considered
| ow ri sk and macronol ecul es, conpl ex nol ecul es or conpl ex
dosage forns would be considered high risk. It also depends
on the conmplexity of the nechani sm of product performnce.

If it is sinple inmediate release, it would be | ow dosage,
lowrisk. If it is targeted release, then it could be high
risk. It also depends on manufacturing technology. So, a
sinpl e synthesis woul d be considered |ow risk. However,
maybe formation of reconbinant cells, formation of |iposonal
products woul d be considered high ri sk.

We are actually looking right now at this high
probability of detecting and | ow conplexity as |ow risk
products. | believe, you know, in the future when we gain
experience with this project and al so ways for
i npl enentation of on-line or in-line testing we will be able
to expand this area. The nediumand |low risk area could be

shrunk. So, this is what we are working on
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[ Slide]

We fornmed two working groups to | ook at the drug
substance characteristics with respect to attributes and
acceptance criteria, and we have anot her subgroup working on
drug product. Now, you know, we are nore or less in the
stage of finalizing the draft guidance and soon it wll be
out for internal coment. Dr. Sayeed will describe to you
our current thinking. So, wthout further ado, Vilayat.

DR. SAYEED: Good norning, everybody.

[ Slide]

Yuan-yuan has basically explained the objectives
and ot her aspects of this initiative so | amgoing to go
right into what we have done for to how to achieve this
obj ecti ve.

[ Slide]

What | amgoing to do, | amgoing to present the
drug substance and drug product decision trees which we have
devel oped for identifying low risk candidates. These trees
wer e devel oped by the general principle which was di scussed
as to the probability of detection and the conplexity, and I
amnot going to go into the details of this chart. The
focus of the working group was to find or identify drug
substances and drug products which would fit into this box,
here, where the failure for the probability of detection is

high and the conplexity is | ow
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Having this principle in mnd, the first question
whi ch was raised for the drug substance was what drug
substance woul d actually fit into these criteria. The
general consensus in the working group was that a synthetic
drug substance and sinple inorganic salts would actually
neet these criteria.

[ Slide]

So, the first question on the slide on the drug
substance decision tree is, is the drug substance of
synthetic origin or a sinple inorganic salt? |If the answer
for this is no, then this drug substance is not suitable for
| ow risk consideration. |If it is, then you nove on to the
next | evel.

At this level there are certain exclusions. The
guestion was raised can all synthetic drug substances fit
into this concept? The answer by the working group was no,
not every drug substance would neet this.

[ Slide]

On this slide certain exclusions are included.
Here are the exclusions. If a drug substance happens to be
a radi opharmaceutical, a peptide or an oligonucl eotide, then
if the answer for this is yes, this drug substance cannot be
considered for lowrisk; and if it isn't, then you nove on

to the next |evel.
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For the next |evel we have addressed issues
relating to the drug substance characterization, its
specifications and its stability issues. The question here,
at this level is, is the drug substance well characteri zed,
and are the specifications used to control the drug
substance contenporary, and is the drug substance stable at
anbi ent conditions? |If the answer for this is no, it is
not, then the consensus in the working group was that the
drug substance is not suitable for |low risk consideration.
If the answer is yes, then the drug substance is a suitable
candidate for the low risk assessnent.

[ Slide]

Here you see a little box. Wat we have done
here, we have identified that if there are any physical
characterization issues with regard to the drug substance.
These issues will not be considered at this |evel, whereas
these issues will be noved on and considered at the drug
product level. So, if there are any physical property
i ssues with the drug substance, those issues need to be
identified in the drug substance and will be considered in
t he assessnent of the drug product.

[ Slide]

Wth the baseline established, the first question
asked for the drug product is, is the drug substance

assigned as a lowrisk? |If the answer is no, if it is not
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there, then the drug product is not a suitable candidate for
low risk consideration. |[If the answer is yes, then you nove
on to the next |evel.

[ Slide]

At this | evel what we have done is we have
identified certain dosage forns which the working group
thinks will fit into that general principle where the
probability of detecting a failure is high and the
conplexity of the product is |ow

[ Slide]

These drug products were identified as IR oral
solids or topical liquids or sterile solutions of sinple
solids. So, this is what we think are drug products or
dosage forns which would fit into this general principle
concept. If the answer for this is no, then the drug
product is not a suitable candidate for |ow risk
consideration. |If the answer is yes, then you nove on.

The sane question was raised in the working group
whether all IR solids and liquids will fit into these
criteria. Qobviously, the answer was no. So, we have
i ncluded sone qualifiers on the next slide.

[ Slide]

The qualifiers are for the solids. W are saying
is the strength per unit at |least one mlligramor one

percent by weight? |If it is anything |less than that, we
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think it is not a suitable candidate. For the liquids we
are not using the strength; we are using the solubility
ratio, the intrinsic solubility ratio. W are saying if it
is not less than 1:30, then it nmay not be a suitable
candidate. |If the answer for this is no, then the drug
product is not a suitable candidate for |owrisk
consideration. If the answer is yes, then you nove on and
| ook into other aspects of the drug product.

[ Slide]

On this slide what we have done is we have | ooked
into the interaction of the drug with the excipient. Wat
we are saying is if there are any known interactions
reported, if there are reported interactions between the
drug and the excipients, then this product may not be a
sui table candidate for this CMC |l ow ri sk assessnment. |f the
answer for this is yes, then the drug product is not a
suitabl e candidate for the risk assessnment. |f the answer
is no, then you can nove on to the next |evel.

[ Slide]

At this | evel what we have done is we have | ooked
into the physical property of the drug substance, which we
have | eft open on the drug substance tree and this is where
we are capturing that part. W are saying if there is a
reported inpact, like if the physical properties of the drug

substance are known to have sone inpact on the product
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performance, then this drug product may not be a suitable
candidate for this lowrisk. Are the differences in the
physi cal state of the drug substance reported to have an

i mpact on the performance of the product? |f the answer for
this is yes, then you are saying the drug product is not a
sui tabl e candidate for |low risk consideration. |If the
answer is no, then you nove on to the next |evel.

In the following few | evel s, what we have done is
we have captured the aspect of the product specifications,
product stability, product degradation and packagi ng and
storage, and all of those things are covered in the next few
| evel s.

Here we are saying if the drug product neets the
contenporary standards, you know, if the answer for this is
no, then the drug product is not a suitable candidate for
low risk consideration. |If it is yes, that you do have
product specifications which conformto the contenporary
standards, then you nove on to the next |evel.

[ Slide]

At this level we are capturing the stability and
t he degradation of the product. W are saying do you know
if the degradation of this product is predictable and if the
degradants are controll ed? So, the question is, is the drug
product degradation profile predictable and are the

degradants controlled? |If the answer for this is no, then
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the drug product is not a suitable candidate for |ow risk
consideration. |If the answer is yes, then you go on to the
next | evel.

At this level we are capturing the product storage
and packaging. Wat we are telling here is that for now we
will only consider products which are stored at controlled
room tenperature and which do not require any speci al
packaging. |If the answer for this is no, then the drug
product is not a suitable candidate for |ow risk
consideration. |If the answer is that, yes, it doesn't have
t hose, then you nove on.

[ Slide]

At this level we are capturing a little bit of
product history. W think we need to know at | east a couple
of years of real-tine stability of the product on a m ni num
of three commercial batches for the product to be placed in
this program So, if the answer for this is no, then the
drug product is not a suitable candidate for |ow risk
consideration. |If the answer is yes, then you do have a
product which qualifies as a candidate for |ow risk
assessnent .

[ Slide]

In conclusion, | would like to acknow edge the
i ndi vi dual s who have spent a lot of tine and effort in

devel opi ng these trees. Thank you.
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DR. LEE: Thank you. Qoria?

DR. ANDERSON: Wbul d you comrent on your
definition of conplexity? Based on what you said about
single synthetic conponents, sonmething to that effect, | am
trying to get a picture of how big a nolecule would be, if
that is how you define conplexity as opposed to sone snaller
nol ecule with a really horrible function group on it.

DR. SAYEED: W are not going to functional
groups. Did you want to comment on that?

DR. CH U Yes, we are not going to base on
nol ecul ar wei ght of the nolecule. Wat we are going to base
on is howeasy it is to characterize the nolecule. |If one
can use appropriate standard net hodol ogi es such as IR, W
and MR, and el enent analysis, then it is considered well
characterized. Wen we talk about macro protein nol ecul es,
even with those tools you cannot characterize them \Wen we
tal k about single nolecul es, because sonetines you have
conbi nati on products; you have two or three drugs at the
sane tinme and you may have nultiple active ingredients, we
wi |l not consider that, you know, sinple.

DR. ANDERSON: | understand that but is it
possi bl e you coul d have a conpound, a nolecule that is easy
to characterize, that can be well characterized and have a
really bad functional group on there that could put it in

anot her category? That is really what | amtal kinng about.
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DR. CHI U  That would be caught by the other

criteria in ternms of stability, if you have degradation

products whet her you would detect that. So, the

specifications and the stability will catch your concern.
DR. ANDERSON: So this is the first step here.

CH U Right.

ANDERSON:  Ckay, thank you.

CH U  Yes, the first step.

LEE: So, | guess everything is relative.

T3 333

CH U Because there are three elenents you
have to fit all three elenents together to be considered | ow
risk.

DR LEE: | see.

DR. CHIU So, it is not either/or.

DR. SHEK: A coupl e of quick questions. | wll
start fromthe end. The |ast one says are there at | east
two years real-tine stability data. M question is does
that apply to NDAs as well as ANDAs, this decision tree?

DR. SAYEED. Yes, this decision tree applies to
all applications basically.

DR. SHEK: So, by definition, two years data
woul dn't apply for NDAs?

DR CHIU. No, the idea of three years data does
not mean the specific product froma single conpany. It
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means whet her you ever have two years data for that drug,
regardl ess who nmekes that.

DR. SHEK: Right, but if it is a new chem ca
entity and an NDA is being filed, by definition it woul dn't
fit into this category. R ght? So, a new chemcal entity
wi |l never be able to through this decision tree.

DR CHIU Well, not necessarily because sonme NDAs
do have nore than two years stability data in the file.

DR. SHEK: On commercial batches?

DR. CH U  Yes, because not necessarily are all
NDAs first time around in this country. You know,
occasionally we get NDAs with batches from Europe but those
will be rare. So, | think you are right, nost of the tinme a
nmol ecul ar entity may not fit as a |low risk, but occasionally
will. Mst ANDAs will be qualified so that is why we
proposed this truncated ANDA

DR. SHEK: If we go up the tree will we cone out
with a definition of what are contenporary standards?

DR. CH U Yes. Yes, in the draft guidance we
will explain what is contenporary standards. W propose
mai nly followi ng | CH or FDA gui dance.

DR SHEK: And if we go to the top of the tree,
think this is just the CMC aspect, and maybe it was there
and | just mssed it, but will there be any eval uation even
before that of whether there is a therapeutic index?
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DR CH U Yes. That would be the second tier,

t he nmedi cal consultation. Yes, there we would | ook at the
safety and the nedical risk.

DR. SHEK: And that will happen first?

DR CH U That will happen after we propose the
list of drugs. Then the nedical people can | ook at those
drugs and deci de.

DR. SHEK: Thank you.

DR LEE: Art?

DR, KIBBE: Just a couple of questions. The
guestion | have is about drug excipient conpatibility
issues. |If there are known excipient conpatibility issues
but the product in question doesn't contain that excipient,
and nost good manufacturers would try to avoid excipients
where there is a problem then it would still be no? Even
t hough there was a known issue with a different excipient,
t he product would not pass?

DR CHU No, no, that is not the case. W are
tal ki ng about the excipients used in the product.

DR KIBBE: Right, not just that there is an
i ssue.

DR CH U No.

DR KIBBE: | noticed that if they have a

mlligramor |ess than one percent they are not considered
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l ow risk, which neans that all honmeopathic renmedi es are high
risk and we should start to eval uate those!

[ Laught er ]

| just throw that out. The question | also have
is would you accept a petition froma manufacturer for
exception based on data they have that would answer the
i ssue on any one of these decisions?

DR CHIU W wll issue a draft guidance to

explain all those criteria, and we wll get input from

manuf acturers and fromthe public and then we will finalize
that. | also said we will propose a drug list and then we
will seek cooments fromoutside. At that tinme the

phar maceuti cal conpani es can propose drugs which are not on
our proposed list. In the future, when this is finalized,

we w il continue to accept petitions fromconpanies if they
have, for exanple, inproved their specifications; they now
have contenporary specifications so they should be included
inthe list. W wll continue to revise our list of drugs.

DR. KIBBE: Thank you.

DR LEE: Judy?

DR. BOEHLERT: | have a few questions. 1In the
drug substance decision tree you say that the drug has to be
st abl e under anbient conditions. | amwondering if you are
going to define what you nean by that because stable is in
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the eye of the behol der, and what do you nean by anbi ent?
| CH condi tions?

DR CH U Yes, ICHconditions. W really nean
| CH conditions. |If you store under ICH conditions and it
shows that it is stable.

DR. BOEHLERT: Stabl e neans neets requirenents?

DR. CHU It neans it neets the specifications.

DR. BOEHLERT: Right now it doesn't really say
that. The other issue that you tal k about are physical
properties. The way it sounds nowis that if you need to
set a specification for a physical property, such as
particle size or maybe even pol ynorph, then it would
automatically not qualify for this treatment and | am
wonderi ng why- -

DR CH U No, no. | don't think that is the
case.

DR BOEHLERT: That is what | heard.

DR. SAYEED: What we are trying to say is you
identify those characteristics in the drug substance but
t hose characteristics will not be used in saying whether
this drug substance is high risk or lowrisk. Wat we are
going to do is what kind of inpact those characteristics
they will have on the drug product perfornance.

DR. BCEHLERT: Well, say they do have an inpact on

drug product performance but you have contenporary
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specifications; they are controlled; you know what they are
and they are controlled in every batch, why woul d that
change t hi ngs?

DR CH U | see.

DR. SAYEED. That is a good thing because again we
go back to the level of controls we have. | nean, at |east
for now we want to deal with things that are just
straightforward and sinple. W don't want to get into how
much control we can have on each conpany and each product.
So, for now we want to keep it sinple and maybe as tinme goes
on and we learn nore about it we can nove into that area of
you have the control so you can go ahead and use it.

DR. BOEHLERT: If you don't want to use the term
contenporary specifications because | have applied sonme of
t hese newer controls such as--

DR. SAYEED: | nean, nost of these things may have
the controls but we are saying even if these controls happen
to have any effect on the perfornmance, then we will not use
it. That doesn't nean that you are not going to control it;
you control it but you can't use that drug substance.

DR. CHI U  The proposal right nowis that we would
like to be rather nore conservative at the begi nning so we
will take cormments. |f people strongly believe this is well

controlled and they should be on the low risk drug list we
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will consider that. But at this tine, you know, we just
want to be rather nore conservative

DR LEE: W will take two nore questions, so Marv
and then John.

DR. MEYER. The one mlligramas a cut-off point,
how was that selected and what will you do with nultiple
strengths, say half a mlligramand a one mlligramtablet?
Where will it fall?

DR. CH U The reason we picked one milligramis
because we thought that for blend uniformty there may be
i ssues so we thought it may not be considered a risk. | see
your point about nultiple doses and we haven't discussed
that. Maybe we will go back to think about when there are
mul ti pl e doses.

DR. MEYER  Any idea how many drug products wll
fall into the low risk category?

DR CHIU Actually, it is very difficult to cone
up with physical attributes or chemical attributes so we
asked our reviewers, based on their review experience, which
drugs they consider to be really, really low risk, and we
actual ly obtained sonmething |like 60 drugs. Then we went
back to | ook at nore than 300 applications and based on that
data mning we came up with those criteria. So, | believe
we wll, you know, have many nore than just 60 drugs.
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DR. MEYER. | would caution you that the reviewer
systemdidn't work very well in picking up drugs with a high
risk for therapeutic problens in the generic field. You had
some very strange drugs on that |ist.

DR CHIU That will be the next tier. The second
tier will ook at the nedical safety. So, right now we are
just | ooking at the physical characteristics, chem cal
characteristics. But we will take into account the nedical
safety.

DR. LEE: John?

DR, DOULL: | would like to go back to the
exci pient issue. You said that the yes/no question for
exci pients was whether they interacted with the active
i ngredient, drug. How about the inherent toxicity of the
excipient? That is not part of the consideration? |In other
words, you could put a drug in a low risk category even
though it had a highly toxic excipient. |Is that true?

DR CH U Wll, the toxic excipients will be
studi ed during your NDA stage and the safety data to assure

that the excipients used are not toxic. Wen you have an

ANDA the review process will also catch toxic excipients.
So, | think that probably will not be an issue.
DR. DOULL: | was just concerned that if that is

the criteria, then it omts the toxicity, inherent toxicity

of these.
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DR. CHI U  You know, there is no difference from
active ingredient, toxic or not. The agency eval uation
i ncludes the toxicity eval uati on.

DR. LEE: Maybe | should ask a question to close
it. It may be a silly question. What is the notivation
behi nd this?

DR. CHU  The notivation behind this, we have a
mul ti ple notivation because we are | ooki ng at everyt hing.
Wien we do an evaluation we | ook at the risk. Even the CMC
reviewis to identify what are the risk factors; what are
not risk factors so you can determne what is the critica
process control and what are the rel ease specifications.
This is just an additional part of the risk assessnent and
ri sk managenent.

The second reason is because the agency al ways has
[imted resources. W want to put our resources in places
where nore extensive review and eval uation i s needed rather
than giving every drug the sanme intense evaluation. For
those |l ow risk drugs, you know, we do not need such an

oversight as high risk drugs. So, those are the reasons.

DR. LEE: So, this is sone kind of a triage.
DR CH U Yes.

DR. LEE: Thank you.

DR. MEYER. Can | ask a real quick question?
DR LEE  MWe?
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DR. MEYER No, no, | want to ask someone who
knows!

[ Laught er ]

Wul d recall history play a role in this? Wuld
you | ook at that al so?

DR CHIU | think in the GW conpliance part of
the history we will look at recalls; we will |ook at
devi ations such as a warning and all those factors invol ved
in GW.

DR. LEE: Toby, one |ast question?

DR. MASSA: On August 8 of '01, industry provided
a readout fromthe workshop that Dr. Chiu and | co-chaired
on this topic. | would suggest for the commttee could get
i nsi ght on over 500 participants both fromindustry and FDA
that the AAPS has a web site containing those comrents and
many of the comments that Dr. Chiu nmentioned are contai ned
in that document.

To the point that you raised, the key thing that
industry felt is the ability to control and characteri ze;
conplexity, not as big an issue; dosage form not as big an
issue as long as it is characterizable and controll abl e.
Those are the things that industry really felt very strongly
about. There is an extensive anmount of information on the
feed-out fromthat workshop for the conmttee's
consi der ati on.
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DR LEE: Do you have to be a nenber to access
t hose sites?

DR MASSA: No, | think that is available to the
publi c.

DR CH U Yes, the report is on the web site of
AAPS.

DR. LEE: Thank you very rmuch. Well, | think that
we are getting back on schedule and we conme to a very
interesting topic, blend uniformty. A az Hussain wll tell
us about what is going on.

Blend Uniformty

DR. HUSSAIN. This is an update since we had an
extensi ve di scussion on the PQRI proposal.

[ Slide]

Let nme sort of wal k through the background history
here. The issue that we are tal king about is assuring and
docunenti ng adequacy of m xing operations. | think it is
equal ly an issue of docunmentation as the assurance because
sanpling has been identified as a chall enge.

PQRI's proposal essentially is a proposal of using
stratified sanpling of dosage units during routine
production to docunent adequacy of m x. As an awar eness
topic, we brought this issue to the advisory commttee on
Novenber 28, 2001, and with an extensive discussion of the

proposal on May 8, 2002. Tom Garcia presented this proposal
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and we discussed it and there was a general endorsenent of
t he proposal .

There were two recommendations. One was fromthe
chair person, saying that you essentially need sone
additional peer review for that. Dr. DelLuca had that
docunent peer reviewed and you have those reviews in your
handout. But FDA had started a panel peer review process
and we provided our corments to the PQRI on August 14, and
PORI essentially came back with a further anal ysis and
addressed the comments we had rai sed and we nmet for about
three hours on Cctober 17. So, it happened |late | ast week.
| amjust going to report on that and sonme next steps.

[ Slide]

Let me talk to you about the FDA peer review
process. This peer review process was set to have an
addi ti onal peer review which did not include nenbers of FDA
staff who participated in the PQRI proposal itself. So, Dr.
Chiu, Joe Famul are, Frank Hol conb, nyself, Stella Machado Yi
Tsong and Shen Meyiu, who is in the audi ence, sort of |ooked
at this proposal. Stella and Meyiu Shen are fromthe
bi ostatistics departnent and Dr. Chiu you already know. Joe
Fanmulare is fromthe Ofice of Conpliance; Frank Hol conb,
fromthe Ofice of Generic Drugs.

We found that the concept of stratified sanpling

was acceptable to us, but we arrived at that conclusion from
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a very different perspective. W focused our attention on
t he sci ence and engi neering of bl ending, conpaction and
capsul ation operations, and we felt that based on our
under standi ng and the publication by Tom Garcia and Ji m
Prescott of PQRI, which was published on the root cause
anal ysis of blending problem that becane the basis for
accepting this proposal.

Further, exanples of stratified sanpling data that
were made avail able to us by individuals sort of supported
this further. Then, the PQRI decision trees and scientific
justifications clearly outlined the whole process. So,
those are the three-pronged aspects that we | ooked at.

[ Slide]

The type of exanples that we recei ved which
unfortunately, were not submitted to PQRI, which hel ped us
nmove toward stratified sanpling were this. | actually
shared this exanple with you on July 19, 2001 as part of the
PAT di scussion. The question of a representative sanple was
rai sed

This is a wonderful exanple that nmake a case, a
scientific engineering case for stratified sanpling. This
is a conmercial product where the blend sanple anal ysis
passes W t hout any problem and USP content uniformty passes

W t hout any problem But when you do a stratified sanpling
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you tend to pick up segregation towards the end of the
product run.

Simlarly, Pfizer had shared with us an exanpl e of
when they had put near-infrared at |ine and they were doing
300 table analysis or nore you could see sone of the
problenms simlar to that in their production.

There was anot her case study which | did not get a
chance to plot of about 18 manufacturing lots. It cane from
a generic firmwhich essentially showed the sane thing, that
you can pass USP and you can pass the blend testing, yet,
you can have a segregation problem So, in a sense today we
may be having a problemso the stratified sanpling nmay nake
better sense, to nmove in that direction

[ Slide]

The PQRI data mining statistical effort--FDA sort
of had a different perspective on this. W |ooked at this
i nformation as supporting data and the statisti cal
simul ati on and assunption of normality was the primary
focus, is it normally distributed? Qur interpretation,
which is outlined in the report we sent to PQRI, was that
deviation fromnormality suggests potential content
uniformty problens. | think that is how we interpret that
issue. Normality itself | think sort of suggests a problem

We asked for additional justification based on

what we heard from you and our anal ysis--sanple size, issues
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with respect to routine production; how does it relate to
batch size; how does it relate under different conditions.
W rai sed sone questions about categorization of blends to
readily and marginally conplying based on an RSD val ue of
four percent, and what the inplications of this

categori zati on woul d be on routine production. The sanple
size is small. It is in tablets and you are basing an
estimate, or estimating variance on a small sanple size
which is | ess robust now conpared to what you had when you
had | arge nunber of sanples in the validation run. So, what
will that do?

[ Slide]

The PQRI response--you have a handout of the PQRI
proposal but | do not plan to go through it point by point,
but just to sunmarize for you the highlights of the
di scussion we had with PQRI

The points PQRI canme back with I think nade sense
to us and sort of hel ped us nake a decision to accept the
proposal. These included that in general PQRI agreed that
normal ity includes | ack of honpgeneity. That is in
guot ati ons because that is fromtheir slide presentation.

The type of segregation that is during start-up or
run-out will not be found by testing powder in the bl ender.
| think that was obvious to us but |I think sort of points to

why stratified sanpling is a better reflection of a
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manuf acturing process or system Stratified sanpling
specifically targets |ocations which have a higher risk of
producing failing content uniformty results. | think we
coul d see sone of the exanples frominformation that we
have.

The issue that we struggled with nost was the
sanple size. Dr. Kibbe had raised that issue at the
advisory commttee last time and we had di scussed that. W
deliberated on this quite a bit and the question cane out to
be is this a representative sanple. | think that becane the
question. In validation, for exanple, you are | ooking at 20
| ocations and essentially you are representing five percent
of the batch every tine you take a sanple. More sanpling
| ocati ons woul d not change this substantially. The nunber
of locations, 20 for validation seemed appropri ate.
Essentially, the argunment PQRI proposed was that sanpling
here is dependent on sanpling representative of the
popul ation. That, we felt, is a good starting point for
t hat .

[ Slide]

One issue which we are still struggling a bit
with, at least in nmy mind | amstruggling with this because
al t hough this | ooks sinple on paper this could pose
potential problens during routine production for the

operators and for how conpanies will manage this, is the
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inmplication of finding a high RSD val ue during routine
production is the issue.

Renenber, the proposal is to classify or
categorize blends as readily nmeeting or marginally neeting
the criteria based on an RSD, relative standard devi ati on,
val ue of four percent or less. |If the relative standard
deviation estimated is |less than four percent, it is
classified as readily conplying. |If it is not, it is
mar gi nal ly conmplying. For readily conplying products
standard testing is proposed, and the standard testing is
USP type, stage 1, where you |l ook at 10 tablets and the nean
has to be between 90-110 percent and the relative standard
deviation is less than or equal to five percent. You could
go to stage 2 where N equals 30 and when the RSD is not net.
There the RSD value for stage 2 is less than or equal to six
per cent .

The potential dichotony of classifying this as
readily conplying based on four percent and routinely seeing
a high RDS poses a question--what happened? So, that had to
be addressed, and what do you do in those circunstances.

Just to sort of conplete the thought process,
ti ghtened specifications or tightened testing was
recommended by PQRI for products that are classified as
mar gi nal |y passing. That means you are | ooking at 30

tabl ets and the nmean between 90-110 percent and an RSD | ess
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than six percent. The proposal also went on to say that
when five each of consecutive batches neet an RSD of |ess
than or equal to five percent, then you revert to standard
testing.

[ Slide]

In response to sort of our question, PQRI cane
back with an additional comment saying that they proposed to
add that when perform ng standard testing--1 amat the
bottom part of the slide--when perform ng standard testing,
when the RSD of one batch followi ng stage 12 testing is
greater than five percent, then you will switch to tightened
testing. So, that is what the new PQRI proposes.

| think it sounds logical, but in terns of
actually doing this, swtching back and forth fromtesting
and so forth at the operator level, | amnot sure how nuch
of a challenge this will pose. | think it is acceptable but
| think we have sonme questions on the |ogistics.

[ Slide]

The next steps are that we will have an internal
FDA neeting. W net on Cctober 17th and we did not neet
after that. We will bring together all the thoughts to
define an outline for a new draft gui dance based on the PQRI
proposal , defining both review and conpliance rol es; assess
and plan for training needs; assign the responsibility to a

small group of individuals to draft the guidance. W wll
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publish the draft guidance to seek public comments. Forma
training of FDA staff, especially investigators who will be
dealing with these | think is necessary but I think we wll
have to see what sort of training will be needed, and then
proceed to a final guidance.

[ Slide]

| do want to sort of say a few things about the
ot her peer review comments that you have in your handout.
Ken Morris was one of the reviewers also. For our review we
did not have those comments that you have in your handout.
| went back to | ook at those coments fromthe outside peer
revi ew process. There was a range of comments.

Al'l the concerns that were expressed in this,
was happy to note that we captured those in our review,
except for certain aspects. Inplications and perceptions
resulting fromcontinued recommendati on of blend testing
during validation was raised, especially by the European
folks--in a sense, doesn't it contradict what you are trying
to do? Also, sone of the criticismwas increased focus on
end- product testing to db quality, that is, nmoving away from
buil ding quality in the paradigm and new technol ogi cal
solutions ignored. Those are sort of the coments.

| just want to sort of address that. Keep in mnd
that the PQRI working group was asked to focus on the

exi sting problemw thin the confines of the draft ANDA
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gui dance. So, since they did not cover that, they were not
asked to cover that and, therefore, we did not want to bring
t hose conmments into our eval uation.

[ Slide]

But | do want to address a potential perception of
a di chotonmy between what we are trying to do here with the
stratified sanpling and the PAT. | do not see that as a
di chotony. So, let me explain that.

We are in the current situation of univariate
testing to docunent the quality approach. That is reality;
that is today. W are using traditional nethods and the
current PQRI proposal and draft guidance will be in line
with that. At the same tine, | think we will offer in the
draft gui dance sone opportunities to bring in at-line
met hods which could be very rapid and the draft gui dance may
include information on the use of NIR nmethods itself.

But under the PAT scenario where we will nove
towards a different paradigm where you have nultivariate
qual ity by design approach, where sonebody coul d have on-
and/or at-line testing nmethods for all critical conponents
and processes, where you are | ooking at honpbgeneity with
respect to drug as well as all critical conponents,
excipients and so forth, that is a high level. So, we are
not requiring that because that systemis adequate for

i ntended use. But if sonmebody goes to that, the PAT
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guidance will allow that to happen. Then the question cones
why woul d anybody do that? Wat is the incentive?

| think the incentive would be what we have heard
from many conpanies, to do the right thing. For first-tine
manufacturing it makes busi ness sense. It makes all sorts
of sense froman efficiency perspective. But also froma
regul atory perspective there is another set of incentives
that come through. It is the risk itself because now you
have focused attention on the entire systemand you are
better able to control that. So, you have a | ower risk
| eading to a | ower regulatory concern. So, that is the
added incentive that sort of can cone through this process.

[ Slide]

So, the new technol ogy solutions and the PAT, just
to sort of wap up ny thoughts on that, the draft gui dance
may include information on the use of NIR nethods. | am not
prom sing that but we will try to do that. The PQR blend
uniformty new technol ogy group has al ready proposed
validation criteria for NNR and it will be published as a
USP PF article so that already is a source of information,
plus there are other excellent nonographs on NIR validation,
and we have our own | aboratory experience with NIR and NI R
i mgi ng methods so we are in a good position to sort of give

sone gui dance on how one would do this at-Iline.
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The proposed PAT guidance will further el aborate
on how to introduce new technol ogies to inprove process
understanding and efficiency. So, it is win-win and we are
nmoving in a step by step fashion.

[ Slide]

| wll just sort of share sone data with you
Here is our nost recent publication that is on the web site
of AAPS PharntSci Tech. This was done in our |ab by Rob Lyon
and others where we | ooked at near-infrared spectral inmaging
for quality assurance of pharnmacol ogy products, focusing on
anal ysis of tablets to assess powder blend uniformty. Here
you can do this in a matter of seconds, and the issue of
sanple size and so forth is not an issue. Although the
chal l enge here that we are facing is the scale of scrutiny,
it is afraction of a tablet so it is far nore sensitive.

So here are four exanples of commercial blend of
flurosem de tablets versus experinental blends with various
degrees of bl end honbgeneity and you can see how easily one
can pick this up. So, there is still some work that needs
to be done with respect to acceptance criteria but the
technol ogy is there.

[ Slide]

Wth the PAT concept, focusing on nultivariate,
do want to sort of address the issue of dissolution. Wen

we focus only on the drug there are many circunstances where
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there is a risk of noon-honbgeneity with respect to other
conponents. For exanple, here is a case study on what
happens when you don't have adequacy or uniformty of mx
with respect to magnesi um stearate. Here dissolution
failures occur at the early part of the run and the |ater
part of the run. So, the stratified sanpling plan for

di ssolution is a question but, at the same tine, | think
with the PAT we can address all these issues.

[ Slide]

Just to illustrate that point further, here is an
excel l ent exanple from Pfizer presented at our PAT
subconmttee. |If you |look at the control blend, and the
focus is on the green spots, and | ook at the probl em bl end,
| ook at the green spots, control blend had normal
resol ution; poor blend had slow resolution. Mtrix |evel
differences relate to distribution and particle size of
di sintegrant within that blend. And, blend can lead to
di ssol ution chal |l enges too because of non-honpbgeneity of the
exci pi ents.

[ Slide]

So, sort of in a continuum | think the PQRI
proposal is acceptable. It is a step above the current USP
requirenents, and it is an inprovenent in terns of focusing
on the stratified schene to naking the sanpling nore

representative. That sort of covers one aspect.
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In the future new technology will further help to
i nprove but, as we have said al ready, PAT and new t echnol ogy
are not requirenments. These are options avail able for
conmpani es which can do this. So, with that I wll stop.
The USP content uniformty is just for your information so
that you know what all that is.

DR LEE: Thank you very much. Any questions for
Ajaz? Yes, Marv?

DR. MEYER. This is a sonewhat political question
| guess. Sone people accuse the agency of inplenenting
gui dances while they are still in draft form | notice on

page five, under "next steps,"” you have draft gui dance
trai ning of FDA staff and then final guidance. Are you
training these people to inplenent the draft guidance?

DR. HUSSAIN. What we do is when we are ready to
have a final guidance ready to go out, we train on that.
Actually, the training just before the final should help us
to fine-tune that. That has been our way of sort of making
sure the final guidance has captured every part. It is done
at a later point when we are ready to issue the fina
gui dance.

DR LEE Art?

DR. KIBBE: When you are tal king about the nunber

of tinmes you sanpl e throughout the process, you are saying

you are going to sanple at 20 different places unless you
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have a | ow percent RSD and then you will sanple at 10
different places? |Is that right?

DR HUSSAIN: No, the 20 |locations are for the
validation run. So, for the validation experinment
essentially you have three sanples collected at 20 different
| ocations so you have a total of 60 units being anal yzed.
In routine production if you have classified your powder
bl end as readily conplying, having | ess than four percent
RSD during the validation, then you take 10 tablets from 10
different locations. Although you will take three tablets
from 10 | ocations you will analyze only one each from
different locations. |If you don't neet the marginally
conplying or if you are marginally conplying to that, then
you will analyze 30 tablets from 10 | ocati ons.

DR KIBBE: | just got |ost on your nunbers.

DR. HUSSAIN: During routine production the nunmber
of locations is 10.

DR KIBBE: So, 10 times during the tablet run.

DR HUSSAIN: Right.

DR. KIBBE: And how many tablets at each?

DR. HUSSAIN. Stage 1 would be one from each
| ocation, so 10 total. Stage 2 would be three from each
| ocation, so that would be 30 total during routine

pr oducti on.
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DR KIBBE: And we expect to be able to get
statistically significant understanding of the first mllion
tabl ets by |looking at one tablet? Right?

DR. HUSSAIN. As | said, the questionis, is it
representative. Unfortunately, if you |look at the current
standards, these are mnimal standards. These are the
m ni mal standards of today so tonorrow you can have a better
systemwith PAT. So if you want to go for lower risk, go to
PAT.

DR MOYE: Can | followup on that?

DR. LEE: Sure.

DR. MOYE: There are standards for that
net hodol ogy that have been avail abl e now for about forty
years on determ ning the appropriate sanple size for the
gi ven background rate, if you will. | take it that has not
been i npl emented here?

DR. HUSSAIN. It is a |oaded question and the
answer to that is two-fold. One is the GW process
essentially is a process that focuses on building quality
in. So, the conmbination of all the GW requirenents of
docunent ati on, checking and so forth, and all that, allows
one to use USP type standards to release and that is the
| ogic that the current system works under.

The sanple has to be representative and GV pl us

the USP type is sort of the mnimum standard that we use
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today. A statistically based sanpling schene | think is
what we started fromyears ago, in the 1950s is when that
came about. Then, we have the current system of GW pl us
conpendi um st andards as being the m ni nal standards.

DR. MOYE: Ckay, that is where we have been but
where are we going? Let nme ask you formally, do you
anticipate at sone point in the foreseeable future being
able to inplenment nore standard net hodology into this
process, into the sanpling process?

DR. HUSSAIN. Well, | think there are two
scenarios. Definitely, with the PAT we are noving in that
direction. Just to share the exanple Pfizer shared with us
at the science board, and so forth, our current standards
are what we call zero tolerance standards. |If you | ook at
the USP, at stage 2 no tablet should be outside 75-125
| abel ed anpbunt, and the RSD that we accept is about 7.6
percent. |If you know it is a normal distribution, you know
there are several units outside that 75-125. It is sinply a
matter of chance whether you find that unit and reject that
ot or you don't. So, unfortunately, the current standard
that we have does not fully take into consideration the
underlying statistical principles.

DR. MOYE: Wll, what do we do about that? How do
we agree that it doesn't? What happens next?
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DR. HUSSAIN. It has been the standard for years
so what we are trying to do is help inprove that in a step
by step fashion, bringing nore science into it.

DR. MOYE: Then, just to push you, what is the
next step here? | nmean, now we are tal king about sanpling,
if I understand right, one or two tablets per mllion.

DR HUSSAIN: It could be that.

DR. MOYE: (Ckay, so what then specifically is our
next step?

DR CH U R ght nowthe USP sanpling plan is that
you take 10 tablets froma mllion tablets of a batch,
regardl ess where you pick them The new proposal, the
stratified nmethodology, is that you will have to identify
during the validation of these 20 | ocations which are
critical. So, those are the l|ocations which may have
devi ati ons because of blending. So, therefore, one way you
ook at it is that during the blending validation you
identify the critical points. Then for product, at rel ease,
you also identify these 10 critical |ocations.

Ri ght now we know the initial |ocation and at the
end of the batch would be nost vul nerable to be outside the
limts. So, that would be definitely picked up. The rest
of the locations will be based on manufacturing to identify
other critical locations. So, those 10 tablets will be nuch

nore representative of a batch so you can catch your
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deviation easily. That would all be perforned, you know,
during the validation period. So, | think this proposal is
a much better way to assure product quality and it is an

i mprovenent. It is not perfect. |If you want to do
statistics on a mninmum batch you probably need nore than a
t housand tablets to be tested. So, our idea is that you
have process control and you have rel ease testing and the
testing has to be nore representative per batch.

DR LAYLOFF: Let ne comment--

DR. HUSSAIN. No, let ne answer that. The answer
| think is sinply this, the testing is only one small part
of the system | nmean, | think you have to look at it in
t hat perspective because the GVWP requirenments require you to
qualify every step of the way and you are nonitoring every
step. So, this is one small part of the entire quality
system Can the sanpling be inproved? Definitely. But for
an entire systenms approach, you have to look at it fromthat
per spective because you have a validated batch and then you
have mnimal testing to essentially ensure that the
val i dation worked every tine. So, it is a gross failure
test from one perspective.

DR LEE: Ton®

DR LAYLOFF: Yes, | was going to comrent. |
think we have lived with the statistical absurdity of

assumng that the batch is a normal distribution and that a

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

few tablets are representative of this normal distribution.
However, | went through probably the content uniformty on
20, 000 batches that we had anal yzed in our |aboratory and it
is absolutely startling that it works. | nean, we don't
find the failures there. | have actually taken cases where
| had ny |aboratory with automated anal ysis run 600 tablets
out of a batch and | think the controls, the GWw controls
are what makes it work because it is statistically absurd.

DR. MOYE: | guess if you have a problemthat is
hyper prevalent, then | imagine that this small sanple m ght
be of sone benefit and | would agree that sanpling four out
of amllion is better than sanpling two out of a mllion,
but I don't think it is very nuch better. But if you have a
problemthat is not so hyper prevalent then, of course, this
is going to fail. If | understand you right, you are
telling nme that there are additional steps or assurances
that you take and that it is inappropriate naybe to nake too
big of an issue about the statistical aspect of sanpling
because anything that this inadequate step procedure m sses,
the other fielder will catch. |Is that right?

DR. HUSSAIN. |If you take a systens approach to
that in the sense of raw material qualification with
docunenting that, rechecking that, every step is sort of
foll oned and docunented and signed by two people. So, that

is the system The redundancies that are built in, in many
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ways end-product testing, if you have built quality in, is

redundant to start with. So.

DR, LEE: | want to suggest that you two go for
l unch, get together at lunch. | think froma statistical
point of viewit doesn't make sense. |Is that right? But,

yet, in practice it seens to work and | think that perhaps
for products of high quality it really doesn't matter. It
rem nds me of getting speeding tickets. Hundreds of people
get speeding tickets. But let ne turn to Toby.

DR. MOYE: |In Houston nore than one or two per
mllion get speeding tickets!

[ Laught er ]

DR. MASSA: | think we have struggled with exactly
the issue that you are tal king about and Ajaz' point. |
t hi nk none of us agrees that--you know, regardless of what
sanpling plan you use, | think we all agree that the
rational e of sanpling fromsuch a | arge batch was sonething
that we all questioned. | think where we will feel
confortable and where we do take confort in the current
situation is that nost of us work toward building quality
into the manufacturing process, not testing it in as a
result of either end-product or blend uniformty testing.
W | ook at critical process paraneters and we know t hat when
you add a drug to a blend you have gone through great pains
in devel opnment and validation to | ook at critical parameters
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i ke mxing speed and mxing time to know when you have
achi eved honogeneity of the m x.

Granted, sone of the issues we have identified as
a result of that process point to the fact that even though
you may have achi eved honobgeneity at the tinme of bl ending,
soneti nmes you get post blend transformations that cause you
to want to look at the end-product. |In parallel wth our
effort of |ooking at end-product testing, we spent a | ot of
time in our analytical technol ogi es group putting a proposal
together to USP on NIR testing of the blend because we think
testing of the blend using NNR is probably a nore viable
alternative to the end-product testing because it is |ooking
at a critical process paranmeter rather than | ooking at an
end product.

| also think that, on Ajaz' point, we will all be
very happy when we can all do content uniformty testing on
every tablet going through a line. | don't know when that
is going to happen and when that technology is going to be
comercially feasible, but we have tal ked about that. As we
do that, we are going to need a different regulatory
par adi gm because you are going to be testing every tablet in
a batch. You are not going to test 10 tablets or 30
tablets, and they are not all going to pass.

To your point, we may find that, you know, out of

a batch of five or ten mllion tablets that we nmay have

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

10,000 tablets that we identify as we go through testing
every tablet. That doesn't nean that the rest of that batch
is bad as long as we can figure out where to segregate those
failing tablets. | don't think that is too far in the
future. | think the efforts that we are working on for PAT
and the GW initiative will ultimtely get us there so that
we won't have to worry about statistical sanpling.

DR. GARCIA: Toby, this is Tom Tom Garci a.

DR. LEE: Yes, Tom could you speak | ouder please?

DR. GARCIA: Sure. The blend uniformty working
group, when we devised our sanpling schene, we used a | ot of
operating characteristic curves and we specifically tested
t he nunber of tablets tested per location. Wat we
denonstrated is that by increasing above the curve the
nunbers that are in the recommendation for both validation
and routine testing we really didn't gain a | ot of increased
power in discrimnating. For exanple, if you see ROC curves
in the recommendati on, each one of those points is a result
of taking 5000 sinulated sanples froma batch of known
standard devi ations and in each one of those you could see
that as we increased the higher nunbers of sanples, there
isn't a whole lot of difference in the discrimnating power
of the curves. So, that is a strong argunent for the

guestion on the sanpl e nunber.
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The second point | would Iike to make is that the
group felt that it is nore inportant how and where you take
the tablets or the capsules in the batch rather than the
nunber that you take. Right now we are just |ooking at
random sanpl es. For exanple, we take 30 tablets and subject
themto USP testing. Wth the proposal that we are putting
forth we are specifically targeting problematic areas in the
begi nni ng of the batch, end of the batch and during bin
changeovers. So, you can see that if there is a problem
with a batch we are a lot nore likely to pick that up, even
with the nunber that we are taking, than if we continue with
random sanpling. That is all | have.

DR LEE: Thank you. Art?

DR KIBBE: | think that statistically speaking
the way we end-stage test is |like the "enperor's new
clothes.” W think we have sonething that makes sure that
our batch is good and all the product we put out is good,
but it really is ghosts and mrrors. There is no way of
statistically proving that. However, that evolved over at
| east as long as | have been around. The beginnings of this
all started with equi pment was--you know, if you could get
10,000 tablets out in an hour you were |ucky, and now we are
at a conpletely different stage.

What has happened industrially is that the
evolution of the nethod of getting to the point where we now
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turn the tablet machine on has gotten tighter and better,
and what we are really depending on is the process and not
the end-stage test. The end-stage test is kind of like

Li nus' blanket. It nmakes Linus feel good but it is not
really solving his problens. The sooner we can get to the
descri bed situation where we actually are running each
tabl et through NIR and | ooking at the uniformty on the
surface of the tablet as an indicator of what the tabl et

| ooks i ke, and the sooner we get in-process controls that

we are really happy with, the better off we are going to be

in the long run. | amjust happy that we are noving in that
di rection.
DR LEE: Very well. Thank you very nuch, A az.
DR. LAYLOFF: Could | make a comment al so?
DR. LEE: Brief.
DR. LAYLOFF: Brief, okay. | was back on the

ground floor of content uniformty when we were doing

di goxi n and devel oped the single tablet method instead of
averaging 20 in a nortar and pestle, and we found tablets
t hat ranged from 50-300 percent in the same bottle.

Now, one of the things that you see with this
vari ance level is that there is an anal ytical variance that
is comng in there also. The HPLC procedures thensel ves
wi |l run about one percent on consecutive injections.

However, you are tal king about a sanple workup there al so.
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So, you are | ooking at about 2.5 percent CV for the
i dentical anmount of material for an analyst taking it from
the beginning to the end so you are | ooking at an aggregate
response. Content uniformty was a very big issue and it
has been very well addressed. That is why | did about
20,000 batches to look at it.

DR. LEE: Thank you very nmuch. The next item on
t he agenda is open public hearing. There was one person
expressing interest to do so but he could not nake it. That
means that there is no open public hearing for this session.
| propose that we adjourn for lunch but because in the
af ternoon we have a coupl e of phone-ins we cannot be one
hour ahead of schedule. Let's say that we cone back here at
1: 30 and | suggest that the commttee nenbers study the
background about the issue to be discussed, pol ynorphism
over lunch. Thank you.

[ Wher eupon, at 11:50 a.m, the proceedi ngs were

recessed for lunch, to reconvene at 1:30 p. m]

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

AFTERNOON PROCEEDI NGS

DR. LEE: The topic this afternoon is regul atory
issues related to crystal habits, polynorphism The
commttee is well rested and ready to go, and Gary Buehl er
is going to introduce the topic for us.

Regul atory Issues Related to Crystal Habits
- Pol ynmor phi sm I ntroduction

DR. BUEHLER  Thanks, Dr. Lee and thanks to the
commttee for inviting ne to introduce this very inportant
topic to the Ofice of Generic Drugs. | am Gary Buehl er.
amthe director of the Ofice of Generic Drugs.

[ Slide]

The topic this afternoon is regulatory issues

related to the crystal habits or polynorphismin ANDAs. |

will give a short, brief introduction and, believe nme, mne
will be the |least scientific of the presentations. Then
Lawrence Yu will present scientific considerations of

pol ymor phi smin ANDAs. Qur expert comments will consist of
Ken Morris, from Purdue University, and Leslie Benet, on the
phone, fromthe University of California. Dr. Harry
Brittain wasn't able to be with us this afternoon so he wll
not be nmaki ng an address.
[ Slide]
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The title of ny presentation is polynorphs--what's
the problenf? Over the past year or two we have asked this
guestion a nunber of tines to the advisory conmittee to
address the pol ynorph issue. | know some of you have
wondered why we are spending this nmuch tinme on pol ynorphs;
it seens |ike a sinple issue to you folks. You are
scientists; you understand it. | amsort of a quasi-
scientist. | ama pharmacist; | amnot a Ph.D. | have had
difficulty in understanding this topic and peopl e have
explained it to nme a nunber of tinmes and it is ny
unfortunate position to have to explain this topic to
| awyers many times because the pol ynorph issue often sort of
flows over into the |legal arena and we have to explain the
issue to our lawers. That is why sonmehow | have to figure
it out and I have to have a fairly sinple explanation of it.

[ Slide]

| tell our lawyers that pol ynorphs are the sane
but maybe they are different. | say, you know, just take it
fromthere. They just ook at me with sort of a funny | ook
on their face and they say, "how can sonething be the sane
but, yet, be different?" | say, "well, the same crystal
structure; different form They | ook different but they are
the sane." So, they say, "continue."

[ Slide]
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So Lawrence gave ne this exanple, dianonds and
coal. D anonds and coal are obviously very different
| ooki ng but they are both carbon. Take it one step further
and we tal k about coal in an ANDA. |Is coal bioequivalent to
a dianond? | don't think we will ever find that out. Does
coal exhibit the sane identity, strength, purity, quality
and stability? Again, we probably will never find that out.
But | think everyone in the room agrees coal and dianond are
different.

[ Slide]

Let's take one a little bit easier to understand
and a little bit easier to apply to pharnaceuti cal
formul ations, crystalline sugar and powdered sugar. | don't
know how many of you out there are bakers but you know t hat
we can't substitute crystalline sugar for powdered sugar in
many reci pes that we use. They are both sugar and if we put
themin water they both dissolve and they both will nake our
coffee sweet. But if you look at a box of crystalline sugar
and a box of powdered sugar, pound for pound the crystalline
sugar box will be twice a big. Two pounds of crystalline
sugar equal about one pound of powdered sugar in bulk. Wen
we di ssolve them we probably coul d nake a bi oequi val ent
formul ati on but there would be sone fornulations that
probably woul dn't be bi oequival ent, dependi ng on how t he

product was formnul at ed.
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| use this exanple for our |awers and they
actually seemto get it a little bit; the Iight goes on a
little bit. They all recognize crystalline sugar and
powder ed sugar; they have all seen it and they all recognize
it as being quite different | ooking, and they wll recognize
that it is all sugar.

[ Slide]

The 314.94(a)(5), which is an ANDA regul ati on,
states the active ingredient in an ANDA is the sane as that
of the reference listed drug. All ANDAs have a reference
listed drug that is the innovator product, and the active
i ngredi ent in an ANDA product nust be the sane.

[ Slide]

VWhat is the "sane"? Qur regul ation preanble
clarifies the definition of "sanme" to neet the sane
standards for identity as described in the USP. In sone
cases, however, FDA may prescribe additional standards such
as crystalline structure and stereoisoneric mxture. |f you
have any questions as to what is the sane and what isn't the
same, you are directed to call the Ofice of Generic Drugs.

[ Slide]

What i s pol ynorphisn? Different physical fornms of
the sane chemical structure. This is a very sinple
definition. This is ny definition that | use for the

| awyers. Lawence will give a definition that | believe
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wi Il occupy three or four slides. But basically this is it.
D fferent polynorphs may exhibit different properties,
including stability, very inportantly stability, and

bi oavailability. This is the critical consideration for
ANDAS.

[ Slide]

Wth nodern technol ogy, the identification of
mul ti pl e pol ynor phs has becone easier. Sone peopl e have
made actual science out of identifying polynorphs for drug
products. Because of their unacceptable properties however,
the majority of these polynorphs have little utility and
cannot be devel oped into quality products.

[ Slide]

Let's gointo a little history of what the problem
is for the Ofice of CGeneric Drugs. Again, the problem
overflows into the |l egal arena. On Septenber 29, 2000 a
citizen petition was filed by daxo SmthKline for
cefuroxime axetil, the innovator product Ceftin. The
petition requested the FDA deny approval of any ANDA for
cefuroxime axetil whose active ingredient is wholly or
partially in a crystalline form The innovator product uses
entirely the anorphous formfor cefuroxine axetil, or
require stringent drug substance and drug product
specifications for solid state form including the content
of the individual polynorphs.
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[ Slide]

There was al so a USP nonograph petition because
t he USP nonograph at that tinme specified that the
pol ynmor phi ¢ form of cefuroxinme axetil be the anorphous form
W net with USP on the nonograph issue and we net numnerous,
and | do nean nunerous tines with the lawers in drafting a
37-page response that detailed our scientific position on
pol ynorphs. This response is in the public record. |
believe it has al so been provided to the advisory conmttee
as background informati on on a couple of occasions.

[ Slide]

Another fairly inportant drug is omeprazole.
About four nonths before the pediatric exclusivity for
Pril osec was due to expire we were informed of a possible
pol ynorphic issue. | really can't give a whole |ot of
information on this particular issue because although it was
made public to the various generic applicants, it was not
made public to the general public. But after significant
review of the avail able data, and again many neetings with
both the review division who did the initial review on
Prilosec, the Ofice of Generic Drugs and our O fice of
Chi ef Counsel, the issue was addressed.

[ Slide]

Lastly, fluoxetine; this is Prozac. On July 18,

2001, about two weeks before the pediatric exclusivity for
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Prozac was due to expire, we were infornmed that aai PhARVA of
North Carolina held a patent on one pol ynorphic form of
fluoxetine. They asserted that their patent clainmed the
drug product or nethod of using Prozac and should be |isted
in FDA's Orange Book. However, only the NDA sponsor is

aut hori zed to request a patent listing in the O ange Book
and aai PhARMA was i nforned of that so they, therefore,
requested Eli Lilly, the NDA applicant, to list this
particul ar patent in the O ange Book.

[ Slide]

Eli Lilly informed aai PhARVA that they did not
plan on listing the patent in the Orange Book because they
did not believe that the pol ynorphic formclainmed the
approved drug product. aai PhARVA appeal ed back to the FDA
and FDA went back to Lilly and said will you reaffirmthat
this patent will not be listed in the Orange Book?

Understand the significance of the listing of the
patent into the Orange Book. |If this patent were listed in
t he Orange Book the pending ANDA applicants for any pending
ANDA for fluoxetine at that tinme, and there were 20-plus
applicants, would have to certify to this particul ar patent
as to whether they infringed it or they did not infringe it.
The certification usually is in the formof what we call
paragraph 4 certification which challenges the particul ar
patent. In doing so, they would give either the patent
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hol der or the NDA hol der an opportunity to sue them There
woul d be a 45-day waiting period that would ensue
i mredi ately and during that period the innovator conpany or
pat ent hol der coul d sue each ANDA applicant, and that would
trigger a 30-nonth stay of approval and the O fice of
CGeneric Drugs would not be able to approve any fluoxetine
products during that 30-nonth peri od.

So, that is the legal significance of this
pol ynmor ph issue. In this particular case, Eli Lilly replied
back to the FDA that it was not listing the patent.
Therefore, it kept the door open for the approval of the
ANDAs for fluoxetine and, in fact, on August 2, | believe,
the first ANDAs for fluoxetine were approved. Those were
the ANDAs that had 180-day exclusivity. Then the subsequent
January, about 20-plus additional ANDAs were approved for
fluoxetine. There are quite a few of them now.

[ Slide]

aai PhARMA t hen asked FDA to list the patent.
aai PhARMA was not giving up. They asked the FDA if Lilly
woul dn't list the patent, they wanted us to |list the patent.
But we replied that only the NDA applicant can list the
patent in the Orange Book. aai PhARMA sued us. Well, we are
bei ng used to being sued. W get sued pretty regularly, and
this was another one. W were sued in North Carolina I

believe--1 think it was in R chnond. Eventually, to nmake a
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| ong story short, aai PhARVA |ost the |awsuit and they al so

| ost the appeal. The |awsuit was not whether their patent
shoul d be in the Orange Book; the | awsuit was whet her they
could list the patent, they, the patent holder could list it
and not only the NDA holder. The court affirnmed that our
regul ations state clearly the NDA holder is the only one
that can list the patent. FDA cannot do it and the patent
hol der cannot do it.

These three cases just portray the probl ens that
we have encountered in the Ofice of Generic Drugs over
pol ynorphs. It is a sinple scientific issue, we believe,
and can be explained in fairly sinple scientific terns, but
as it overflows nore and nore into the legal arena, it
becones nore and nore conplicated for the Ofice of Generic
Drugs.

[ Slide]

In summary, an ANDA applicant is required to
denonstrate that their proposed product neets the standards
for identity, exhibits acceptable stability, and is
bi oequi valent to the reference listed drug. W believe that
is the criteria for polynorphs. W exam ne every ANDA
t hrough bi oequi val ence testing, through the data that they
subnmit in the manufacturing and control section of the ANDA,
and make sure that each ANDA neets the standards for

identity and standards for bioequival ence, and we believe
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that that is the criteria for polynorphs. Thank you.
Questions for ne?

DR LEE: Questions? | don't hear any. Thank
you. | understand that Dr. Nair Rodriguez is on the phone

DR. RCODRI GUEZ- HORNEDO:  Yes, | amon the phone.
Can you hear me?

DR. LEE: | don't think we can hear you very well.

DR. RODRI GUEZ- HORNEDG: VWell, | can hear you and
| have no questions right now

DR. LEE: Can you hear ne?

DR, RCDRI GUEZ- HORNEDO:  Yes.

DR, LEE: Good. If you have questions, just shout
pl ease. Welcone to the commttee.

DR. RCODRI GUEZ- HORNEDO:  Thank you

DR LEE: Les Benet, are you on? It is past 1:30
al ready. Les, are you there? | guess not. Les will nake a
grand entrance.

[ Laught er ]

Lawrence, if the worst conmes to worst you wll
need to repeat what you said.

Scientific Considerations of Pharmaceutical
Solid Pol ynor phi sm
DR YU That is fine.
[ Slide]
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Good afternoon. Distinguished chair and nenbers
of the FDA Advisory Commttee for Pharnmaceutical Science, ny
FDA col | eagues and di stingui shed guests, it is nmy pleasure
and privilege this afternoon to discuss with you scientific
consi derations of pol ynorphi smand ANDAs.

[ Slide]

During ny presentation | will try to address three
guestions. Wat is pol ynorphisn? How does pol ynorphi sm
af fect pharnmaceutical properties of drugs? To what extent
shoul d scientific considerations be given to pol ynorphismin
ANDAs ?

[ Slide]

This is basically a sketch to differentiate
habits, internal structures, crystalline forms, anorphous
forms, as well as the hydrate fornms. As you can see here,

t he conpound could have a difference in terns of externa
habits and internal structure. Crystalline habit is defined
as altered appearance of a crystal. |If you go to the

Sm t hsoni an Museum you can see a variety of forns of altered
appearance or in scientific ternms crystal habits.

You could have different internal structures.

Here we show a crystalline or anorphous. The definition of
crystal is uniformarrangenent of atoms or nol ecul es, while
t he anorphous formis defined as ununi form or disordered

arrangenent of nol ecul es or atonms, as you can see here.
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For crystalline fornms you could have two single
nol ecul es or you could have what we call nol ecul e adducts.
For single nolecul es and many, nmany ot her things the
acadenmi c definition we call polynorphs. |In other words, al
ki nds of crystal forms consist only--only--in the drug
substance or active pharmaceutical ingredients. Oherw se
we call it nol ecul ar adducts, which could be stoichionetric
or nonstoichionetric. |If it is stoichionmetric you have a
fixed ratio of conpounds to the solvates. |If the solvate is
water, we call it hydrate; otherwise we call it solvate.
There is a fixed ratio of drug nolecules to solvates. |If
there is no fixed ratio we call them nonstoichionetrics.

You coul d have a channel; you could have a | ayer or you
coul d have the cage, which is really quite unusual for us to
see in the pharmaceutical field. As | said, for an academc
definition, sonetinmes polynorphs refer to all kinds of
crystals of a single or pure drug substance, as shown here.

Therefore, the I CH QBA definition of polynorph is
basically including crystalline fornms, anorphous forns,
sol vates and hydrates. That is the regulatory definition of
pol ynor phi sm as you can see here. The |ICH Q6A definition,
agai n, includes crystal forns, anorphous, solvates and
hydr at es.

[ Slide]
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There is a variety of nethods available to
categorize the polynmorphic forms of drug substances. A few
are here, crystallography or x-ray pattern diffraction;

m croscopy; thermal analysis or DSC and TGA;, apparent
solubility; intrinsic dissolution; infrared absorption or
Raman spectroscopy; and finally solid-state nuclear magnetic
resonance.

Al t hough there are all kinds of methods avail abl e
to characterize the crystall ography or the form of drug
substance, the key nethod to differentiate the pol ynorphi sm
i s non-equival ent crystal structure--non-equival ent crystal
structure. This is a definitive termexisting of
pol ynor phic fornms. The other methods are what we call
supporting resources. |If the supporting resource is
val idated with crystall ographic nmethod, certainly this
nmet hod can be utilized to differentiate the pol ynorphic
forms or polynorphs of the drug substance. So, once again,
t he exi stence of polynorphic formis non-equivalent with
crystal structure, for exanple, non-equival ent x-ray
diffraction patterns. Oher nethods are supportive.

[ Slide]

Al'l kinds of physical chem cal properties can be
af fected by pol ynorphs. What is relevant to the
phar maceuti cal properties here is the nelting point;
hygroscopicity; chem cal and physical stability; apparent
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solubility and dissolution; bioavailability and
bi oequi val ence and, finally, manufacturability.

Al t hough all these properties could potentially
affect the polynmorphic form they do not always. In other
words, if you see different polynorphic fornms and you say
you can inpact different bioavailability, this is not true.
It could potentially inpact bioavailability but not always.
Not always. | will try to use the sane exanple to show you
how t he polynmorphic fornms potentially affect these
properties listed in this slide.

[ Slide]

First there is the nelting point. About ten years
ago when | was working in the | aboratory on fl uoroqui nol one,
we received a start formof this specific quinoline.
Actually, this start formis very, very hygroscopic. In
fact, if you take a few grans out and expose it to the air,
a fewmnutes later, five mnutes or so, the solid form
beconmes liquid. It is totally liquified. It is so
hygroscopic that it is inpossible to work with. So, you go
t hrough the soft formselection as well as what we cal
pol ynmor phi ¢ form sel ecti on.

Certainly as a scientist you have a m croscope in
the lab and the first thing you want to | ook at is what
ki nds of crystal formdoes soft formhave. In this case we

will also certainly increase the tenperature. As you can
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see under (a), when the tenperature increased about 142
degrees the polynorphic form in this case solid, is nelted,
liquified and recrystallized. It gives you a very beautiful
needl e-l1i ke picture. Wen the tenperature continues to
i ncrease to about 168, formlIl here, it is again nelted,
liquified and recrystallized. The nelting point of formlll
i s about 202 degrees of C after that and when the
tenperature increased beyond this, this basically is a form
11, nmelted and degraded.

So, if you started with a polynorph (a) you can
see three peaks. You can see polynorphic |, polynorphic |
and polynmorphic I'll. However, if you |ook at (b), if you

start with polynorphic (b) you do not see peaks in

pol ynorphic | and polynorphic Il. This is polynorphic I
thisis all and thisis a lll
[ SIide]

As we can see, definitely the polynorphic forns
affect the nelting point. This is how the pol ynorphic form
af fects the hygroscopicity. You can see here forml and
formlll. Formlll is much |ess hygroscopic than forml,
pi cking up 4.5 percent noisture fromthe humdity fromO0.1
to about 80, while formlIll only picks up about 0.5 or |ess
per centage of noisture. That shows that the pol ynorphic
forms or polynmorphismw |l affect the hygroscopicity of the

drug substance.
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[ Slide]

This is solubility. As you can see, pol ynorphi sm
certainly affects solubility trenendously. The nore stable
the polynorph is, usually it is |less soluble. This shows
here that formIll is nuch, nuch less, at |east 30-fold |ess
soluble than forml.

[ Slide]

Having said that, in order to show t he pol ynorphic
formeffect on bioavailability I will have to pick up a
poorly sol uble drug because highly sol uble drugs are al
highly different solubility but they don't necessarily
translate a difference in bioavailability. So, the drug |
picked up in this case is a carbamazepi ne, which is well
famliar to you | amsure. Wth this carbamazepi ne you have
aforml, formll and dihydrate form This is basically an
intrinsic dissolution experinent. As you can see here, form
| has a nmuch higher intrinsic dissolution than the dihydrate
formand is higher than formll. FormIl has a nuch higher
di ssolution rate than the di hydrate form

[ Slide]

How does this translate into the bioavailability?
As you can see here, this is bioavailability conducted by
conparing a solution versus forml|l and versus a dihydrate
form This is a suspension so you don't have exclude the

potential effect of formulation. As you can see here, the
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solution is nmuch nore bioavailable wth a nmuch hi gher
absorption conpared to form|l and conpared to the dihydrate
form As you can see here, the dihydrate formhas a Cnax
val ue around 2, while forml has a Cmhax val ue about 3.5
while the solution has a Cmax volune of 4.5. The sane thing
is true with respect to absorption, what we call the area
under the curve or AUC. So in this respect, for poorly
sol ubl e drugs the pol ynorphic form does inpact, does affect
bi oavail ability under the sane fornul ati on conditions.

[ Slide]

Lastly, the polynorphic formw Il affect
manufacturability. Wth different polynorphic forns
di fferent manufacturing processes nmaybe have to be desi gned
in order to manufacture quality products. So a pol ynorphic
formw Il affect manufacturability. On the other side, the
manuf acturing process could potentially result in inter-
conversions of polynorphic forms so we have to be careful.
For exanple, mlling or micronization, wet granulation or
spray-drying, those processes will potentially result in
pol ynor phic inter-conversion, for exanple, forml could
potentially change to formlIl. | say potentially. It is
nost unlikely to happen but sonetinmes it does happen.

[ Slide]

Wth this introduction, | want to discuss with you
t he decision tree devel oped for polynorphismin ANDAs. The
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objective of the decision tree is basically for evaluating
when and how pol ynorphs in a drug substance in ANDAs shoul d
be nonitored and controlled. Basically, during the

devel opnent of those decision trees we have to consider two
basic principles. One is | CH BA decision trees on

pol ynor phism The second is the bi opharmaceutics
classification system The |ICH QBGA decision trees were

i ntroduced on May 9 at the previous advisory conmittee
meet i ng.

These decision trees basically apply for the
pol ynmor phi ¢ screen of new drug applications, not for
abbrevi ated new drug applications. W also introduced the
concept of biopharnmaceutics classification systeminto the
decision trees for abbreviated new drug applications. So,
before | tal k about those decision trees | want to talk
about this ICH BA very briefly and al so spend three slides
on the biopharnaceutics classification system

[ Slide]

This is basically an overview of the I CH QBA
decision tree: investigating the need to set acceptance
criteria for polynorphismin drug substances and drug
products for new drug applications. Again, this ICH QA is
applied for new drug applications. They consist of three
parts. Part one, do nmultiple polynorphic fornms exist?
Therefore, new drug applications tend to begin with
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pol ynor phi c screening or what we call diligent polynorphic
screeni ng.

Part two is routine polynorphic testing of drug
substances. "DS' stands for drug substance. "DP" stands
for drug product valuable. Part three is routine
pol ynor phic testing of drug products valuable. So this is
to see if there is a need to set up acceptance criteria for
drug substances or drug products for new drug applications.

[ Slide]

Now | et me introduce very briefly biopharmaceutics
classification system concept, which has been di scussed
many, many tinmes at this FDA advisory conmttee neetings,
previ ous neetings. As you can see here, when a solid dosage
form such as a tablet or capsule, is given to a patient the
solid formtablet or capsule will disintegrate in the
stomach. Were the disintegration of the tablet or solid
dosage forns will occur, dissolved and undi ssolved drug w ||l
be enmptying fromthe stomach to the small intestine where
the solution or disintegration continues to occur so the
di ssolved drug will cross the intestinal nenbrane, going
through the liver and reach the systematic circul ation.

So, the processes involved in this determnes rate
and extent of absorption including gastric enptying,
transit, dissolution, absorption and netabolism Wen we

tal k about the bioequival ence studies, the factors invol ved
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in dissolution and absorption have a potential effect of
products--gastric enptying, transit and netabolismw Il be
i nvol ved but nost unlikely. Because of that, we have a
di ssolution rate and we have an absorption rate. The
solution rate can be expressed traditionally in equations as
we have here. W have D as the diffusion coefficient; S as
di ssolution surface area; H as aqueous boundary thickness; C
as solubility and C as concentration in the dissolution
medi a. Absorption rate as a determning factor is the
pernmeability. So for the dissolution rate another big
determning factor is solubility. So, the key factors
involved in limts to the oral drug absorption here are
solubility and perneability--fromsolubility to
perneability, two key paraneters.

[ Slide]

So, basically this is how the BCS was devel oped.
The bi opharmaceutics classification systemis a scientific
framework for classifying drugs based on their aqueous
solubility and intestinal perneability. Wen you have two
vari abl es, each variable has two | evels. You have four
cl asses, as shown here. Class | we call highly perneabl e,
hi ghly sol uble conmpound. Cass Il is poorly soluble, highly
perneable. Cdass Ill is highly soluble, poorly perneable.

Finally, Cass IVis poorly soluble and poorly perneabl e.
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This has bee a scientific investigation for the last ten
years.
[ Slide]

The title of the guidance was waivers for in vivo

bi oavai l ability and bi oequi val ence studies for imedi ate
rel ease solid oral dosage forns based on the

bi ophar maceutics classification system The gui dance was
mai nly drafted by Dr. A az Hussain, who is sitting here.
Thi s gui dance basically correlates in vitro dissolution to

in vivo absorption. That is why, on this scientific

princi pl e and know edge, you can use in vitro dissolution in
in vivo studies.

[ Slide]

Having said that, we cone back to the decision
tree for polynorphic forns. Basically, we have devel oped
three decision trees for polynorphic fornms in abbreviated
new drug applications. Decision tree nunber one
i nvestigates the need to set acceptance criteria of
pol ymorphic fornms. In other words, we want a decision tree
if there is a need to set up acceptance criteria for drug
substances and drug products. If there is no need, then
there is no need for us to | ook at the decision tree nunber
two and deci sion tree nunber three.

If there is a need in decision tree nunber one, we

cone to decision tree nunber two. Deci sion tree nunber two,
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instead of evaluating if it is necessary to set acceptance
criteria for a drug substance, it tells you howto set basic
acceptance criteria for a drug substance.

Deci sion tree nunber three basically illustrates
if there is a need to set acceptance criteria for drug
products and if there is a need how to set up acceptance
criteria for drug products.

[ Slide]

Now let's go into detail one by one for these
three decision trees. That is the center for our discussion
today. Starting with the first question, are there known
pol ynmorphs with different apparent solubility? If the
answer to this is no, then basically no further testing of
pol ynor phi ¢ acceptance criteria for both drug substance and
drug product is necessary.

If the answer is yes, we cone to the next
guestion, are the known pol ynorphs highly soluble? 1In other
words, are all these polynorphs highly soluble? |If this
answer is yes, then you cone to the no further testing of
pol ynor phi ¢ acceptance criteria for drug substance and drug
product. |If the answer is no, you go to decision tree
nunber two.

| spent three slides to introduce the
bi ophar maceutics classification system \Wat this neans is

| introduced the solubility classification in order to
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answer this question. Are all known pol ynorphic fornms
hi ghly sol ubl e based on the BCS solubility criteria,
classification criteria fromBCS cl assification systenf

Let ne explain, first, there are known pol ynor phs
with different apparent solubility. Wy do we ask this
guestion up front? Let ne introduce that.

[ Slide]

In the 1CH QBA decision trees start with due
di I i gent pol ynorphic screening. This is for innovators, for
NDAs. For ANDAs we tend to receive many, nmany applications,
sonetines up to 20, for the sane drug substance. So,
because each conpany uses a different route of synthesis or
sonmetimes uses a different process it gives FDA reviewers a
good picture of what m ght be happeni ng, what m ght be going
on for this specific drug substance. In general, each
appl i cant needs to have adequate know edge of drug substance
pol ynmor phi smto nake appropriate deci sions, otherw se we
don't know whether it is necessary to set up criteria or
not. So, we have to have adequate know edge of the drug
subst ance pol ynorphic fornms to nmake appropriate decisions.
Each applicant has a uni que approach. They may use
di fferent uni que approaches to address pol ynorphic issues.
The know edge or information on pol ynorphic forns nmay cone
fromliterature; nmay cone frompatents; may cone from
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conpendi a; may cone from experience or whatever approach the
generi c conpany uses.
DR LEE: Oh, | think this is Les.
DR BENET: Yes, this is Les.
DR LEE: Les, welcone to the commttee.
DR. BENET: Thank you. | can't get on to the
vi deo because | don't know ny password, or something.
DR YU Shall | continue?

DR. LEE: Yes, please.

DR YU | want to repeat this slide since it was
interrupted. In general FDA receives many ANDA applications
for the sane drug substance. Each sponsor will need to have

adequat e knowl edge of drug substance pol ynorphismin order
for themto nmake appropriate decisions. Each applicant has
a uni que approach to address pol ynorphic i ssues and the

pol ynorphic information may comfromliterature, patents,
conpendi a, their own experience or whatever approach they
prefer or they want to use.

The key point here is that decision tree nunber
one enphasi zes knowl edge to convince us, FDA, to say you now
can reproduci bly or consistently manufacture generic
products which are equivalent to the reference |isted
products. W enphasi ze knowl edge; we enphasi ze i nformation
in the decision tree for different approaches. You may

choose your own approach and we want to know t hat know edge
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and information to convince us that you can consistently,
reproduci bly manufacture the quality product which is
equi valent to the reference |isted product.

[ Slide]

Also | want to discuss exanples of pol ynorphs
appearing and di sappearing, sonetines called the nystery of
pol ymor phism As you can see for this specific product, we
have al pha, beta and gamma. The nelting point for the al pha
is 59-60, beta 63-64, gamma 69-70. So, there are three
pol ynmorphic fornms. |In 1921 al pha and beta were di scovered
in Australia. Al alpha converted into beta. As you know,
there are many, many pol ynorphic fornms. The nost stable
formtends to survive. Wen you start with pol ynorphic
screening you tend to discover the |least stable formfirst
and the nost stable formyou will discover last. So, once
you di scover the nost stable form in many, many cases you
actual ly cannot go back to discover the |east stable formor
even use the sanme approaches, in this case al pha converting
into beta but not gama.

About 15 years |ater the gamma was di scovered in a
different country. 1In this case either alpha or beta
converted into gamma. This basically follows the principle
of a theory of thernodynani cs because the nost stable form
will exist. So, the unstable forns, |ike al pha and beta

convert into the gamma. However, 50 years | ater al pha was
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di scovered in India, and no beta and even gamm is

menti oned. So, what | want to say with this slide is with
the current technol ogy that we have right nowit is very
difficult, even with due diligent screening, to say | have
di scovered all the polynorphic fornms. It is very difficult
to say. So, in this regard we have to take risk nmanagenent.
We have to evaluate risk versus benefit--risk versus
benefit.

[ Slide]

Al so, in decision tree nunber one we have to
address thoroughly the stability. This BACPAC gui dance
applies to new drugs as well as to ANDA. Generally, only
two physical properties of the drug substance, norphic form
and particle size, are considered critical for evaluation of
equi val ence. So, in order to show the equival ence of
physi cal properties conformance to established acceptance
criteria for norphic form or where acceptance criteria do
not exist, the isolation of the same formor mxture within
the range of historical data. This is the basic BACPAC I

What | want to show is that even though it is not
necessary to set acceptance criteria under all Kkinds of
scientific considerations, there is not nmuch risk to not
setting up acceptance criteria but scientifically it is a
good idea to have initial scientific characterization of the
pol ynmor phic fornms using different approaches, such as x-ray

M LLER REPORTI NG COVPANY, | NC
735 8th Street, S.E.

Washi ngton, D.C. 20003-2802
(202) 546- 6666



sSgg

powder diffraction, DSC/thernpanal ysis, mcroscopy and/or
spectroscopy, to provide historical data even though FDA
does not ask for acceptance criteria for drug substance
forms and drug products, it is still a good idea to have
initial characterization so in the future if a manufacturing
process changes you know that the polynorphic formis
equi valent to the original form manufactured.

[ Slide]

Now |l et's nove to decision tree nunber two. In
decision tree nunber two the first question is, is there a
pol ynor phi c specification in the USP? |f the answer is no,
you basically set up new pol ynorphi ¢ acceptance criteri a.
If the answer is yes, you basically evaluate if the USP
pol ynor phi c specification is adequate. |If it is adequate,
if it is okay you basically set up USP pol ynorphic
specification. If it not, you set up new pol ynorphic
speci fication.

Wy is that? Let nme explain why. |n general USP
does contain nelting point ranges but not necessarily
pol ynor phi ¢ specifications. So even though the nelting
poi nt range may be considered as a specification, FDA wants
to evaluate to make sure that the nelting point in the range
of the specification is specific, unique and what is the
intent of the so-called pol ynorphic specification. |If there
is no polynorphic specification in the USP, certainly we
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will say set up newcriteria. Even if for the generic form
you use di fferent pol ynorphic forns, even though the USP has
a very good specific specification, this specification may
not be sufficient for the generic firmso this tine we have
to set up a new specification. So, decision tree nunber two
isalittle bit straightforward.

[ Slide]

Let's nove on to decision tree nunber three. That
isalittle bit conplicated for drug products. The first
question we ask is, is there sufficient concern that
pol ynor phi ¢ acceptance criteria for a drug product should be
established? This tine we ask a scientific question for
each individual application to see if there is concern. |If
the answer is no, certainly there is no need to set
pol ynor phi ¢ acceptance criteria for drug products. |If the
answer is yes, go to the next slide.

Let ne explain what is sufficient concern. It

sounds anbi guous; it is very difficult to understand. Let

me explain why. |If there is in general--1 want to enphasize
the two words, "in general,"” not always but in general so
there are exceptions. 1In general, there should not be a

concern if the nost stable polynorphic formis used or the
formis used in a previously comercialized product. That
gets a little bit tricky because for a specific drug

subst ance where there have never, ever been di scovered any
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crystal fornms and the only formwe have had is an anorphous
form So, we know anorphous exists, exists very nicely as
relatively stabl e.

So, in this case nost likely it is not necessary
for us to have a concern. However, if we know that a
crystal formexists and we know the reference |isted drug
uses the anorphous formthere is a potential for this
anor phous formto convert into a crystal form and under this
scenario there is a concern. So, therefore, we have to | ook
in general in many cases we have to | ook case by case, but
the principle is that in general there should not be a
concern if the nost stable polynorphic formis used or the
formis utilized in a previously comercialized product. 1In
your background informati on we say extraordinary formnul ation
or manufacturing process effort. This has sonetinmes been
del eted. This nmeans work in progress.

[ Slide]

If the answer is yes, the next question is does
the drug product dissolution testing provide adequate
controls if the polynorphic ratio changes? |If the answer is
yes, you basically use the solution as test to set up
criteria, otherwise you will have to use solid state or
other criteria. For the acceptance criteria for the drug
product you may use ot her approaches such as solid

characterization nmethod, which is nuch nore conpli cated.
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Way do we think in general dissolution can be
utilized for the testing if the polynorphic ratio changes?
Let's | ook at the BA/BE gui dance here. It is recommended
that the sponsor select the agitating speed and nedi umt hat
provi de adequate discrimnating ability, taking into account

all the available in vitro and in vivo data. So, we believe

that the solution test can frequently detect the potential
conversion of polynorphic forns. In rare cases solid
characterization nmethods have to be utilized.

[ Slide]

So in this presentation | have discussed what is
pol ynmor phi sm how does the pol ynorphic form af f ect
pharmmaceutical properties of drugs; and to what extent
shoul d scientific considerations be given to pol ynorphismin
ANDAs. Thank you for your attention and thank you for your
tinme.

DR. LEE: Thank you, Lawence. Are there any
guestions for Lawence?

DR. MOYE: Yes, | have two points that are really
going to denonstrate ny ignorance about this. This
di scussi on of polynorphismis bringing back nmenories. Not
all of themare good nenories but they are nenories.

You made, | thought, a very clear denonstration
for the argunment that polynorphs are worthy of

investigation. You set up a schene which reflected the
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observation, | think, that we have to be concerned about
nore than solubility. W also have to be concerned about
perneability. R ght? That is why you have the 2 X 2 table.

DR YU Correct.

DR MOYE: So it is possible that pol ynorphs coul d
have | ow solubility and high perneability.

DR YU Correct.

DR MOYE: It is also possible that they could
have high solubility but |ow perneability.

DR YU Correct.

DR. MOYE: So now | am confused. When we go to
your flow chart on the first slide--and | didn't want to
i nterrupt your presentation when you were bringing it up--
can you explain to ne if polynorphs can be highly sol ubl e
but have | ow perneability, why you say there is no further
testing if all known polynorphs are highly soluble? 1Isn't
it possible that they could be highly sol uble but have | ow
perneability and wouldn't you want to know that? | nmean,
what did | mss?

DR YU Thank you for your excellent question.

[ Slide]

What this nmeans is if all known pol ynorphic forns
are highly soluble--what this neans is in general the
solution of a drug substance will have a limted effect on

bi oavail ability. Now, they could have a different
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pernmeability, like ranitidine, but as long as the

pol ynmorphic formis highly soluble the effect of the

pol ynmor ph on bioavailability, the chance is very | ow
Therefore, we feel it is not necessary to do any further
testing or acceptance criteria.

DR. MOYE: So, to make sure | understand your
answer, you are saying that if all of these polynorphs are
hi ghly sol ubl e- -

DR YU Correct.

DR. MOYE: --you are saying it is unlikely that
you will have sonme with high perneability and others with
| ow perneability?

DR. MEYER. | think the answer to that is probably
that if they are highly soluble they go into solution
qui ckly, and once they are in solution then all things are
equal in ternms of pernmeability.

DR. MOYE: Thank you. | have one other question.
| was trying to follow this BACPAC acronym you nenti oned.
Let me just ask you directly, could BACPAC be used to avoid
conplete testing of the characteristics of pol ynorphs using
state-of-the-art procedures? 1In the interest of tine, |et
me ask what | really want to ask here.

DR. YU  Could you say that again, please?

DR. MOYE: Yes, could this BACPAC be used as a way
to avoi d conplete testing using state-of-the-art procedures
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for the characteristics of polynorphs? Are you providing a
way for people not to test w th BACPAC?

DR YU No. In the decision tree we basically
take account mainly of solubility. W have not taken
account of stability. Hopefully, stability wll be taken
care of by BACPAC I. That specifically neans if there are
no acceptance criteria for drug substance or drug products,
if there is any possibility--nunber one, if there are no
acceptance criteria for a drug substance and drug products
with respect to polynmorphic form that is nunber one.

Nunber two, under this scenario if there is any possibility
of sonething going wong with respect to the pol ynorphic
form change, this is where we want to go back to BACPAC
because BACPAC | is suggested to have an equival ency test.
In other words, if you make sone process changes, nake sure
that the pol ynorphic formhas not been changed.

DR. MOYE: So, is the idea that it is too
burdensonme to replace that | ast phrase with further research
has to be carried out to exam ne the characteristics of
pol ynorphs rather than rely on historical data? | guess |
am just asking why rely on historical data if there is the
opportunity to gain new data even in the absence of
acceptance criteria.

DR. YU  You are basically suggesting if it is

al ways necessary to have acceptance criteria.
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DR. MOYE: | think I amjust revealing ny
i gnor ance here.

DR YU Certainly, if there is no need--there is
a difference in ternms of initial categorization of
pol ynor phic form and so-call ed acceptance criteria.
Acceptance criteria just nmeans you need to test every single
batch. For initial historical data, this neans you do not
have to test for every single batch once it is rel eased.

For scientific data it is not necessary for the firmto do
extra work wi thout val ue added. That is what we nmean here.
Certainly, we want to nmake sure the form has not been
changed and then we have the BACPAC | gui dance.

DR. LEE: Anybody else? Do you have any questions
for Lawrence?

DR. RODRI GUEZ- HORNEDO: | have a brief question
Can you hear me?

DR. LEE: Yes, we can hear.

DR. RODRI GUEZ- HORNEDO: Lawrence, | would like to
hear your comrent on whether the term pol ynorphi smon your
nol ecul ar adduct will cover other than solvates. Say that
you have an excipient within a crystalline matrix that is
not a solvate--1 don't know of anything on the market |ike
that but we nay be seeing sonething in the future. Say you
have an active excipient and you have a sugar in a

crystalline matri x.
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DR YU | amnot quite sure | understand the
guestion but I will try to answer. |If not, please ask
again. | have one slide to differentiate crystalline form
anor phous form hydrate and nonstoichionmetric. | think your

question, to conme back to this specific case, is whether a
crystal form such as stoichionetric solvates or hydrates,
or nonstoi chionetric inclusion conmpound--you could have a
channeling, layering or caging. Wat you are referring to
is probably caging instead of solvate or hydrate.

DR. RODRI GUEZ-HORNEDO | was referring to a
stoichionetric system Say that you have a 1:1 ratio where
i nstead of water and an active product ingredient you have a
sugar and an active product ingredient. Wuld that
substance fall into this category of pol ynorphs?

DR YU Ken, you seemto understand, can you
repeat the question?

DR MORRIS: Yes, this is Ken. You are saying
essentially if you have either a co-crystal or a solid
di spersion with anot her substance in addition to the
chemcal entity. Right?

DR. RODRI GUEZ- HORNEDO  That is correct, Ken.

DR MORRIS: Right. So, she is asking whether or
not if in addition to ny nolecule | now have a 1:1
correspondence between not a salt or a pro-drug but a

separate nol ecule that co-crystallizes into the sane regul ar
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structure, does that get considered as a pol ynorph since the
chem cal entity is the sane?

DR. SHEK: |Is the chemcal entity the sanme?

DR MORRIS: Well, you are assum ng anot her
sol vate. You are assum ng that the co-crystal conponent is
not the active ingredient. |s that correct?

DR. RODRI GUEZ- HORNEDO.  That is correct. |Instead
of water, let's say, a hydrate or another solvate you would
have a sugar.

DR. MORRIS: So, you have a gl ucose--

DR, RODRI GUEZ- HORNEDO  Yes.

DR. SHEK: What will be the difference between
that to a conplex, and the question is whether that is stil
the sane entity.

DR YU  So, what will be different between
sol vat es- -

DR. HUSSAIN. | think that is not just one entity;
that is nore than one entity. Solvates is slightly
different. |If there is an intentional co-crystallization it
beconmes a slightly different question | think. That is not
what | think what the pol ynorphi smdi scussion is about. So.

DR. RODRI GUEZ- HORNEDO: Wl |, perhaps that is
somet hing that coul d be discussed.

DR CH U If a crystal contains the sugar and the
active ingredient in a conplex, you know, it depends on what
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kind of bounding it has. |If it is covalent bound, then it
beconmes a new nol ecular entity. If it is not coval ent bound
it would be a conplex. So, based on our classification of
drugs, the first one would be classified as type one and the
ot her one would be type two. So, it is not considered

pol ynor phous anynor e.

DR. RODRI GUEZ- HORNEDO:  Thank you for the answer.
That is sonething to be discussed later | think because if
we think of water, water is hydrogen bounded to the active
ingredient in the crystal, to the active substance. Wat |
am t hi nki ng of is uncoval ent boundi ng.

DR LEE: Go ahead.

DR MORRIS: | was just going to say | think the
precedent, in part, is if you are going to distinguish that
with the crystal, then what happens when you start talking
about gl ass solutions, which is already approved as the sane
thing in some cases? So, you are treading a thin line
there. It has to be negotiated | think.

DR. LEE. Well, let's focus on pol ynorphi sm and
t hen nove on to other entities.

DR YU  Correct, yes.

DR. LEE: Thank you very much, Lawrence. Let ne
call on Ken Mrris and then Dr. Les Benet.

Expert Comments
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DR. MORRI'S: Thanks, Lawence. Thanks for
inviting nme, A az and Vince.

[ Slide]

What | was asked to do by Lawence was to coment
on the questions that you have regardi ng the decision trees.
| should preface this by saying that at the last scientific
advi sory board, where | was a guest, | made a coupl e of
observations on the presentation Steve M|l er gave about the
results of the workshop on decidi ng what pol ynorphic
screeni ng strategy should be enpl oyed, and one of the things
that we di scussed was inpurities, which we will get back to.

This led to a discussion from OG that included
t he concept of sort of focused screens for the purpose of
ensuring purity with respect to generics. So, that is sort
of the backdrop of this and how ny hat got into the ring.

In case you don't know, | am from Purdue University.

[ Slide]

The questions are detailed here that were posed to
us, nyself and Les. Do the proposed decision trees
adequat el y address the key pol ynorph issues? Decision tree
nunber one specifically; decision tree nunber three
specifically; and then additional considerations. | have
sort of broken this down--1 only have ten slides here |
t hi nk--into those subdivisions as a framework for what | am
goi ng to say.
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[ Slide]

| had to take this opportunity though before |
start because it is going to look like | amtaking sone
shots at the decision trees, but | want to state at the
outset that the decision trees, to ne, represent a real
advance over the old check-list approach, and having grown
up in industry using check lists and being frustrated with
the fact that you couldn't use themvery effectively much of
the tine, | really see this as a big advantage. It really
encourages the inclusion of proper scientific processes. It
gi ves you the opportunity to make deci sions based on the
sci ence and proceed based on your decisions, and gets rid of
a lot of this incentive for testing into conpliance so you
can finish your check list in tine to not be the bottl eneck
i n devel opnent.

It also allows the industrial scientist to
| ogically devel op appropriate tests. This is fairly
i mportant and one of the things we will talk about. | think
that if you are faced with a check list and you are
restricted to certain tests you will use themand try to
make them work even when it flies in the face of the | ogic.

It also, in nmy experience, facilitates rational
ri sk assessnent by the regul atory and nanagenent teans
within industry as well as FDA. Finally, and perhaps nore

rel evant for today's discussion, it really does |level the
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playing field for generic conpanies by allow ng
establ i shment of reasonabl e expectations based on the
sci ence instead of holding themto unreasonabl e goal s.

[ Slide]

Let's sort of progress the way we outlined. The
first issues were--and | sort of conbined these a little
bit--do the proposed decision trees adequately address the
key pol ynorph issues? Specifically for one, are there other
i ssues with respect to characterization that FDA should
consi der ?

| have couched these coments basically in the
contest of saneness rather than the definition of saneness,
rat her by the fact that anorphous fornms, solvates, hydrates
are consi dered under the sane unbrella. W tal ked about
this last tine a good bit.

G ven that, the first comment | have for decision
tree one is that if polynorphs are not known, or no
nonogr aph is available, do they have to be screened for?

t hi nk you have sort of answered this question to a degree,
Lawrence. | think the answer to the question is yes. The
open literature will very often contain a fair anmount of
data on ol der conpounds and high profile conpounds but there
will be sonme for which it doesn't exist, or if they are so
old that it didn't get the sort of scrutiny that you want,
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or if you are changing dosage forns. W wll get to this
later but it sort of reflects on Prof. Rodriquez' question.

Additionally, the solubility determ nation of
neta-stable forns really has to be scrutinized for
conversion artifact. So, if you are looking at the criteria
of are all known pol ynorphs highly soluble, aside fromthe
guestion of what constitutes high fromnot high solubility,
which | think is alittle nore straightforward for nost of
us, you have to be very careful when you are trying to
determine the solubility of neta-stable forns. It has been
wel | established for years that you will get conversion.

So, if you nmeasure the solubility at an infinite time scale
for any formit will always be the solubility of the nost
stable form The question of the kinetics of conversion and
of other techniques which are relatively well known for
estimating the solubility of neta-stable fornms would have to
be included in this sort of a rationale and certainly in
ternms of the review of such an application.

[ Slide]

Just a comment on nelting point as an ID test for
all of the forns under consideration, again given the fact
that this includes everything from anorphous fornms through
solvated forns, we have to be pretty careful when we use a
melting point as a test. The reason is sort of illustrated

here with a paper from Matsuda that shows the powder x-ray
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fraction DSC and TGA for--what is it?--six different forns
of the same conpound in principle.

Sort of like the exanple that Law ence had shown,
if all you do is do a quick nelting point scan, either using
a nelt tenp or even an inexperienced thernoanal yst, you w |
end up with one nelting point for all these forns, yet they
are very dramatically different not only in their crystal
structure but in their thermal behavior. Some are sol vates;
sone are hydrates; and sone are what would traditionally be
cal l ed pol ynorphs. Lawence and | have spoken about this
before his presentation, but the nore revealing yet common
tests may be nmuch | ess anbi guous and require simlar
resources. By the tinme you determne nelting points and
determne that the nelting point is what you think it is, it
may have been just as cost effective to run a powder x-ray
diffraction pattern or have it contracted out.

[ Slide]

Moving on to nunber two, which is highlighted here
in blue with Lawence's point of different polynorphic forns
and allow ng tighter specification, tighter specifications
may have to be negotiated with changing suppliers. This is
alittle bit simlar to the excipient discussion we had
earlier today. One of the things that canme out of the |ast
scientific advisory board was this fact that on sal e-up

per haps the | argest source of unexpected pol ynorphic forns
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showing up is differences in purity profiles. Nair has
several el egant exanples of this but I think those of us who
have worked in APl can tell you, as Steve Berne al ways says,
t he best pol ynorph screen is to scal e up.

This is in part because as the chem sts get better
at devel oping their synthetic pathways, the material gets
purer and typically inpurities, if anything, will tend to
stabilize nmeta-stable forns, and this is often the case with
t hese di sappearing pol ynorphs that David speaks about in his
talks. As a note, virtually all of the disappearing
pol ynor phs can be recrystallized using sonetines Hercul ean
efforts but can be found again, which speaks to the sane
i ssue. Therefore, when you are changi ng a supplier, whether
you are changi ng your own process w thin your conpany or
whet her you are getting it froma different source,
differences in inpurity profiles really should be included.

Al so, included in this, | would say for your own
safety if | amusing raw material, particularly APl that
amgetting froma third party, | would very much want to
know, if not have a say in the final crystallization and
drying conditions. People are very reluctant to open up
their DMFs even if you are a good custoner, but typically
they will share that with you. Even if they won't share the
specifics of synthetic pathways, they will al nost al ways

share that with you
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[ Slide]

Anot her issue that | think comes fromthat
decision tree and speaks a little bit to what we tal ked
about last tinme is what is reasonable. So, if you are going
to ask conpani es--instead of an innovator conpany that may
only have three to five projects a year, if you are going to
ask a conpany that has forty projects a year to do this sort
of an assessnent early on in their program what is a
reasonabl e request versus an unreasonabl e request when you
are doing what | would call a nore focused pol ynor ph screen?

This comes actually fromthe workshop that we had
with OG but | have sort of broken the levels of difficulty
in ternms of characterization of polynorphs into what is
routine; what is difficult and sonmeti nes unreasonabl e; and
what is sort of cutting edge and not realistic to expect
unl ess sonething is really on fire.

In the routine section what | have included is
identification and quantitation of m xed phases in the API
itself. | wouldn't say this is trivial to do but it is
really quite routine. It can be done by powder x-ray
diffraction, thermal analysis and spectroscopi c net hods.
These days, as we tal ked about last time, you can buy a
relatively inexpensive powder x-ray diffraction unit for

about the sane price as an HPLC. So, it is not really
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tal king about a different |level of investnent in terns of
resour ces.

The other thing that | consider to be quite
routine is identification of high levels of m xed phase in
product. It has to be relatively high, obviously, for
reasons that we can discuss if anybody is, you know, stil
dying to talk about this. | know Art is.

What is difficult and perhaps unreasonabl e on a
case by case business is quantitation of trace anmounts of
phases in APl and product. But if you have very snal
anounts of a phase in an APl, forget the product for the
nmonment but in the drug substance itself, it can be very
difficult to determ ne.

One of the nost sensitive nethods is differential
scanni ng calorinetry but because of the tendencies for
transformation during the experinment this may be
problematic. X-ray is, of course, our sort of gold standard
by the | evels of detection can be quite high, and we w ||
talk about that in a nonent. You can do it by synchrotron
which is becom ng nore accessible. This is why it is in the
difficult and not inpossible or cutting edge section. Raman
mappi ng, which is becom ng very much nore common and, in
fact, A az showed sone spectroscopic maps that sort of
reflect the fact that the technology has really caught up

with the need in terns of a ot of these mappi ng strategies.
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Advanced powder x-ray diffraction--1 will show you a quick
exanple which allows us to | ook at small amounts in APl and
product .

The other difficult category |I have here is
guantitation of phases in drug product. This is
particularly true of anorphous systens because with a
crystalline conpound you have the advantage that you have
specific signature or fingerprint of the crystal structure
to deal with. Wth anorphous, by definition, you have an
anor phous signature to deal with which neans it is not
distinct and it is certainly not directly relatable to a
structure as far as we know.

But even with two crystalline phases, two or nore
crystalline phases in drug product, if it is not at the high
| evel that we tal ked about in the routine, it imrediately
drops into the difficult and perhaps unreasonabl e.

Finally, for cutting edge | have here as
predi ction of structures from powder patterns. This is
becom ng nore and nore preval ent and, hopefully, within the
next five years will becone, if not routine, at |east be
pronoted into the difficult category which will allow us to
| ook at changes that may occur, relate themto a specific
structure and then be able to reproduce the material and
determne any liabilities.

[ Slide]
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| won't go through this chart but this is
sonmething | use when we teach solids to the graduate
students. Basically, it is the sort of thing that | think
woul d properly be in any sort of docunent that a generic or
i nnovat or conpany, |ikew se, would be using in terns of
| ooking at their screen. That is, to detail the solid
nodi fications that are possible and then at | east give a
representative response that you m ght expect to see for
speci fic nmethods of anal yses. W have an anal ogous table
t hat tal ks about the levels of detection and the |evels of
quantitation to be expected as well for different types of
syst ens.

[ Slide]

Movi ng on to nunber three, which starts with the
previ ous slide and now tal ks about the drug product, and
with the notation that you saw earlier with dissolution
testing frequently detecting potential conversions which
certainly is the case often. There are a couple of caveats
here. One of those is that dissolution testing may often be
correlated to known transformations, but if you don't know
the transformati on then the chances of correlating this
become nuch smaller of course. |In fact, you may get
transformations during dissolution testing that are

relatively uninportant in vivo. You don't really know that

fromthe face of it because if dissolution occurs quickly
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enough and absorption occurs you may not really see the
effect of it until you get to bioavailability.

G ven the denonstrated liability, if you know you
have a liability for inter-conversion during dissolution,
should the statistics be inproved? That is, should you be
| ooki ng at | arger nunbers of sanmples? It is alittle bit
i ke our discussion earlier, but here you have a very
focused target with respect to the nunbers of tablets if you
are using dissolution testing, and it depends not only on
just the raw nunber of tablets but on how reproducible the
profiles are.

As the final point on this topic, there may be
ot her techniques. Even though it says in rare cases solid
characterizations may have to be used, in sone cases it may
be that other techniques are |ess energy, |ess resource
i ntensive than dissolution testing which mght allow better
statistics with less incremental investnent. This falls
fairly neatly into the PAT discussion actually but, for
t hose of you who are not aware of that, there are sone ot her
techni ques that are in play.

[ Slide]

The observation on the |ast decision tree that the
nost stable formis used or the formused in a previously
commerci al i zed product neans that there shouldn't be a

concern, and certainly this is logical on the face of it but
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there are a couple of points that center on anorphous and
hydrated fornms that Lawence touched on. | have sort of
detailed here in brief fashion. Anorphous forms may have
been stabilized by unique fornulation or processing
strategies not easily reproduced. Under those circunstances
this should be included as a cautionary statement. In other
words, if you are formulating with an anorphous conpound

t hat has been the subject of some specific fornulation
strategy to make it stable, which is usually the case.

There are | don't know how many anorphous fornms that are
stable on their own but not very many, | can tell you that.
Then, this may be an additional caution for sonebody
reformul ati ng.

Hydrates are easily altered in subsequent
processing. This has been denonstrated over and over again.
So, | would say that this statenment in general should not be
a concern if there may be a nunber three here that
enconpasses sonething of a caveat with respect to anorphous
and hydrated fornms. W should realize, given these
statenments, that it is possible to build in in-product
characterization as a requirenent if you have established
that there could be changes. So, you have to establish
whet her or not that is inportant fairly early on, otherw se
you may be building in a level of testing that need not

necessarily relate to the perfornmance.
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[ Slide]

The second to the last part of the question was on
approaches and chal | enges for establishing specs for
pol ynor phs in products and al so, in your experience, how
often woul d you anticipate such a spec is necessary?

Let me answer the second part first. | would say
only occasionally usually. On the other hand, when it is
inmportant it is very inportant. To this end, | would
reiterate sonething that Lawence alluded to and |I said | ast
time, which is that a focused pol ynorph screen early in the
devel opment process for a generic is a great investnment. It
is arelatively low resource activity and it could save you
an awful | ot of problens down the road.

These are just exanples of powder x-ray
diffraction nethods for drug substance in a product. This
is again a relatively high dose so it falls into our al nost
routine category. But in the range from 3-30 percent we
have an RSD of 5 percent and good recovery. This is from
wor k that Dave Bugay and Ann Newran have done, and | believe
publ i shed when they were still at Bristol-Mers Squibb.

[ Slide]

Here is an exanple of the analysis on a pretty
much traditional powder x-ray diffraction | ab machi ne using
a bit of an alteration of parallel optics, show ng the

calibration curves of glycine conpacts. So, we are
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anal yzi ng the whol e conpact now in transm ssion node Xx-ray
diffraction. Here we are getting down to approximately 0.5
percent cal cul ated detection |imt, and very good linearity
for the two forns. Now, even this is within a conmpact, this
isn't a tablet; this is all drug substance so this is just a
hint of things to cone. | would not call this routine in
any sense of the word.

[ Slide]

The last slide | have is on the additional
consi derations that should be addressed on the issue of
manufacture ability or process ability when different forns
are present.

This is a great question. The downside is that so
little is known that it is alittle too early to answer it.
It is a subject of ongoing research in M nnesota and Purdue
and in many conpani es, many of the conpani es di scussed here
today. The issue should be addressed when the potential is
identified in formulation or process devel opnent, however.
This coul d be acknow edged in the charts. The idea that by
the tinme you get to processing, that is not really the tine
you want to start doing your exploration in terns of what
probl ens you are going to have during processing. You would
like to try to identify those early given all of the
subtl eties and vagaries of scale-up in the way we do it.

Maybe this will becone val uabl e as background for conpanies
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i n subsequent trouble-shooting as well and, certainly, when
| ooki ng for root causes you would like to have this in your
back pocket.

That is the extent of what | had to share. | wll
be glad to entertain questions if there are any.

DR LEE: Thank you, Ken. Any questions fromthe
conmi ttee menbers?

[ No response]

Thank you. Les, are you avail abl e?

DR. BENET: | am here.

DR LEE: Good. The AV specialist asks you not to
use your speaker phone, if possible.

DR. BENET: Ckay.

DR. LEE: Thank you. Pl ease proceed.

DR. BENET: | can't get off it. | have to cal
you back.

DR. LEE: No, don't go away.

DR. BENET: | can't get off the speaker phone
wi t hout di sconnecti ng.

DR. LEE: | see, okay.

DR. BENET: | can do that; I will call you right
back.

DR. LEE: Thank you. Nair, are you still there?

3

RODRI GUEZ- HORNEDO! Yes, | am here.

3

LEE: Are you using the speaker phone?
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DR. RODRI GUEZ- HORNEDO:  No, | don't have a speaker
phone.

DR LEE: Good, Les, you sound nuch better. Thank
you very rmuch. Pl ease proceed.

DR. BENET: Thank you for giving ne the
opportunity to make a presentation. | apologize for getting
on |ate but I was having trouble connecting to FDA because |
didn't know ny password. In addition, as opposed to | ast
year when | did this, | can't get a very large view of what
is being presented so | amreally having difficulty seeing
the slides but I will nove forward to ny first slide.

[ Slide]

Law ence asked nme to di scuss considerations of
pol ynor phi smin therapeutic equival ence.

[ Slide]

So, ny short answer is no altered regulatory
approach is necessary, Vince, if you are running out of
time, | can stop right now.

[ Laught er ]

DR LEE: No, Les. No, we encourage you to
el aborate a little bit.

DR. BENET: kay. So, under those conditions,
let's look at the definitions and the criteria related to
t her apeuti c equi val ents and where pol ynor phi sm

consi derations m ght be relevant.
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[ Slide]

If we |ook at the FDA definition of therapeutic
equi valents, it is as quoted here: drug products are
considered to be therapeutic equivalents only if they are
phar maceuti cal equivalents, and they can be expected to have
the sane clinical effect and safety profile when
adm nistered to patients under the conditions specified in
the labeling. So, we have terns that need to be defined
within there, pharmaceutical equival ents and expected safety
and efficacy profile.

[ Slide]

On this slide we have the four criteria that are
listed for pharmaceutical equivalents: The product mnust
have the sanme active ingredient; nust have the sane dose
form given by the sanme route of adm nistration; and
identical in strength or concentration. W wll return to
these four criteria in a mnute.

[ Slide]

Let's go back to the definition of therapeutic
equivalents in ternms of the criteria of same clinical effect
and safety profile.

[ Slide]

Under FDA regul ations what criteria nust be net
for expected sane clinical effect and safety? First is the

products nust neet conpendi al standards, and we will talk

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

about that for a second. So, if a particular polynorphic
formor the limts of a particular polynorphic formin terns
of physical chemical criteria are required in the conpendi al
drug product nonograph and a product fails these criteria,
t hen the product cannot be considered therapeutic
equi val ent.

There are things that at |east look Iike there are
these kind of criteria in the conpendial standards. I|f we
| ook at warfarin sodium it talks about a crystalline form
versus an anorphous form But if it did not neet the
conpendi al standards, then there is no way that a conpound
can be therapeutically equival ent independent of any
bi ol ogi ¢ st udi es.

[ Slide]

The second area is that to have expected sane
clinical effect and safety, it nmust neet appropriate
bi oequi val ence standards. As you all are aware, that neans
that it nust have conparabl e bioavailability, and the FDA
publ i shed definition says the rate and extent of absorption
of the test drug does not show a significant difference from
the rate and extent of absorption of the reference drug when
adm nistered in the sanme nolar doses, the sanme therapeutic
i ngredi ents under simlar experinmental conditions in either
a single or a nultiple dose.

[ Slide]
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So, what we need to |ook at is significant
di fference and under simlar experinental conditions, as |
show highlighted on this slide. The significant difference
definition is 80-125, and | have been very pleased this past
year with the FDA changing the term nology in the O ange
Book in ternms of the what the criteria are and the fact that
it is not just 80-125 but it nust be within the 90 percent
confidence interval around the Chmax and AUC.

[ Slide]

So, the question on this slide then is can
pol ynor phi sm affect rate and extent of bioavailability? The
answer of course is yes. But does that have a consequence
in terms of the adequacy of the present bioequival ence
criteria? M answer is no because, as Lawence showed in
his introduction--and | amnot really sure | needed to nake
this presentation because he covered this--no, the product
ei ther passes or fails the bioequivalence criteria. So,
this makes the assunption, going back to therapeutic
equi val ents, that the definition of pharnmaceuti cal
equi val ence i s adequate.

[ Slide]

That pharmaceuti cal equival ence states, as we see
on this slide, that the two different fornulations contain
t he sane active ingredient.

[ Slide]
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On ny second to last slide the question would be
are two different polynorphs the sanme active ingredient? 1In
the response to the questions raised earlier in discussion
and al so Lawence's slides, it was the assunption that only
drug in solution is active. So, if we believe that only
drug in solution is active, then the bottom statement there
is that two different polynorphs will always be the sane
active ingredient.

However, if there is the possibility that the
action of drug occurs through interaction of a receptor, for
exanple, with solid drug particles, then two different
pol ynmor phs coul d possi bly not be the sanme active ingredient.

[ Slide]

But nmy conclusion is that drugs, to get across

menbranes and to be active, nust go into solution and,
t herefore, as shown on the last slide, | don't think we have
a problemat least in terns of therapeutic equivalents. No
altered regul atory approaches are necessary. Thank you very
nmuch.

DR. LEE: Thank you, Les. Any questions for Dr.
Benet ?

[ No response]

| think we are convinced.

DR BENET: Geat.
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DR LEE: Good job, Les. Any other questions? |If
not, since Dr. Brittain is not comng, we are now going to
take a break. So, | propose we take a break and conme back
at 3:15 and then the commttee will address the different
gquestions. Les, are you going to stay with us?

DR BENET: | will conme back at 3:15.

DR. LEE: Thank you very rmuch

[Brief recess]

Conmmi tt ee Di scussi on

DR. LEE: Nair, are you there?

DR. RODRI GUEZ- HORNEDO:  Yes, | am here.
DR LEE: Les?

DR BENET: | am here.

DR.

LEE: Very well, thank you. Feel free to
participate. W have Lawence who will show us deci sion
trees one and three again at the appropriate tinme and he
will show us the five questions. 1In a way the consultants
have provided answers for us and | think it is tinme for the
commttee to speak up on how the commttee feels about those
guestions, the answer to the questions. | have asked Nair
to study the background and nore or |less |ead the
di scussion. Are you ready, Nair?

DR. RODRI GUEZ-HORNEDG: | will be happy to do
t hat, however, | need sone help since |I do not have the FDA
slides through the video.
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DR. LEE: Onh, no, you don't need the slides.

DR. RODRI GUEZ- HORNEDO:  That is okay. | wll try
to |l ead the discussion on the phone.

DR LEE: kay. So, question nunber one, do the
proposed deci sion trees adequately address the key pol ynorph
i ssues, stability and bioavailability, that should be
considered in FDA s regul atory assessnment on an ANDA? That
is the question.

DR. YU Vince, do you want to address the
follow ng question first and then come back to the first
overal | question?

DR LEE: Al right. So reading again for the
benefit of Nair, decision tree nunber one, are there other
i ssues wWith respect to characterization of polynorphic forns
t hat the FDA shoul d consi der?

Deci sion tree nunber three addresses the necessity
of having a pol ynorph specification for drug product when
using the nost stable or previously used form

Pl ease conmment on net hods, approaches and
chal | enges for establishing specification for polynorphs in
drug products. Also, in your experience, how often would
you anticipate that such a specification is necessary?

DR. MEYER: Vince, let nme ask a couple of
questions that would hel p ne understand whet her the decision

trees are adequate or not.
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DR LEE: Okay.

DR MEYER | don't know whether the answer is it
is theoretically possible, or it is probable, or what.
Let's say we have an NDA approved with polynorph 1, an ANDA
wi th polynmorph 2 and they both have been shown to be
bi oequi val ent and have sim |l ar dissolution but the ANDA

pol ymorph 2 can convert during storage to pol ynorph 3, which

then affects its bioavailability. |Is that possible? If so,
is it probable. If so, how can we control that and nonitor
it?

DR MORRIS: Yes, it is clearly possible. In
fact, that is one of the issues that actually Nair had
raised last tine. The propensity of transformation between
forms may not be the same, and this is true of anorphous
forms as well. If you have two different forns, both of
whi ch are bi oequivalent, they may or nmay not have the sane
propensity to transformto yet another form | think the
deci sion tree addresses that by assumi ng that you are using
the nost stable or marketed form but, to answer your
question, that is certainly possible.

DR LEE: Yes, Leon?

DR SHARGEL: Well, | think that question could be
both for the innovator side as well as the abbreviated or
generic side because in stability howlong it stays on the

shel f, we wouldn't know that. But, in general, both sides
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of the industry do dissolution and do bi oequi val ence, at
| east on the initial ANDA batch, followed up by periodic
stability studies. So, at |east we do know somet hi ng about
the characterization at that point in time. You nmay or nay
not even notice an inter-conversion.

DR. BENET: Vince, can | nmake a comment ?

DR LEE: Yes.

DR. BENET: | think the criteria that Marvin
rai sed, under our present operational procedures, could
definitely happen. W imediately get to decision tree
nunber two where it says are all known pol ynorphs highly
sol ubl e, and the answer would be no. Then, if we went to
decision tree nunber two, | don't think we have criteria
today--let's go back a mnute. W don't have any criteria
that say that you nmust neet bi oequival ence, that a generic
or an innovator nust neet bioequival ence criteria during the
shelf life of that product. W only have it when you carry
out the study. Sonme of us have said that we shoul d have
criteria like that. So, | think under the present situation
we woul d not have adequate protection and the decision trees
woul dn't be adequate unless we had a USP pol ynor phic
specification that actually addressed that.

DR. HUSSAIN. The aspect | think of a
bi oequi val ent study at the begi nning and towards the end of

shelf life, the way | |look at that scenario is we have
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adequate i n-process and ot her specifications that are tested
t hroughout the shelf life. |In fact, part of the stability
requi renent or dissolution is part of that. So, we do test
for dissolution. |If we have confidence in the dissolution
test as an indicator of change or no change, if your
dissolution criteria are being nmet you address that scenario
that way. |f you have doubts in your dissolution test, then
t hat opens up that possibility.

DR. LEE: That seens reasonable to ne.

DR. MEYER. But that is assum ng your dissolution
test can detect differences between polynorph 2 and 3 let's
say in the generic. | agree with Leon that this applies
al so to the NDA product. But we are assum ng that the
di ssolution can detect that change.

DR MORRIS: Can | just state something? | guess
whet her or not dissolution correlates directly to
bi oavailability is sort of a different question in a sense,
but if there is a difference between 2 and 3 that is
significant enough in free energy to cause changes in
solubility, then if it doesn't show up in the dissolution
you woul d have to say it doesn't; there is not a |large
enough solubility change to make a difference, | nean just
froma practical standpoint. That is not comenting on
whet her or not dissolution to bioavailability correl ate.

That is not ny area.
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DR. MEYER \Wich is kind of the issue | am
rai sing. Have they been shown to correlate? | guess maybe
t here was one exanpl e shown today, polynorph 1 and pol ynorph
2 that had different dissolution characteristics, but |
don't know if that was carried out to bioavailability or
not. It seens to ne that one way to handle that, and I am
not an expert in that field and I have no idea how difficult
it isto test for polynorph 2 and 3 in the intact dosage
form-if that can be done fairly readily, then it seens |ike
t hat ought to be what is done.

DR, SHEK: Well, | think that is a technol ogy
i ssue because you m ght have m xtures and not purely one or
the other, and that is where it gets conplicated. But if |
m ght just add to the points here, talking about in general
t here should be a concern. |If the nost stable pol ynorph
formis used, that is okay, but nunmber two, it is a
previ ously commercial product. | can see a scenario where
an i nnovator m ght choose to use a | ess stabl e pol ynorph and
stabilize it in the fornulation, or the synthesis of the API
is such that this polynorph is stable.

Now, when you have sonebody el se conming in, and if
it is an ANDA with only three-nonth stability data being
accepted, how do you have the assurance that now you don't
have sonething in the formul ation, a different excipient

that can trigger and now the nost stable polynorph will be
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| ess sol ubl e? The question still comng back is, is that
biologically significant? | think that is basically the
[itmus test.

DR. HUSSAIN. That sort of hinges on how you
establish your dissolution specification and how it relates
to bio.

DR. BOEHLERT: | was going to comment al ong the
same |ines because | think it is certainly possible. [If |
were to formulate a product and have a dissolution test and
get results in the high 90s on a general basis and set a Q
that is | ow enough I could, indeed, also produce a product
that nmeets requirenents and is quite different, and that
could be due to a polynorph or it could be due to sonething
el se. And, how would one distinguish? It still neets
requirenents but it is clearly not the sane and I don't know
i f bioequivalence is inpacted in that case.

DR YU Could | coment? Essentially based on
Marvin's conments, there is a possibility, I would say a
distinct possibility. Now, when you conme down to the
possi bl e dissolution and solubility, those that are
potentially affected by variability the |ikelihood is that
those are poorly soluble. Wen it is dowm to the poorly
sol ubl e, usually when you use free energy for form ng
conversion--we have to take it case by case is what | nean.
If there is a possibility to convert from polynorphic 2 into
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pol ynorphic 3 and there is a great possibility, then we have
to look at if this happens, the conversion and there are two
products with pol ynorphic 3 bioequival ent or not because
that is only in rare cases that that m ght be happening.
Certainly we have to make sure that this can detect a
potential inpact. | say this is theoretically possible. In
reality it may not be happening.

DR HUSSAIN: Let nme throw in one nore winkle
then. 1n a sense, you could have changes in pol ynorphic
formof excipients and that could affect dissolution and
could affect everything el se and we don't even want to ask
t hat question today.

DR, KIBBE: | was going to go in that direction
just a second ago; you beat ne to it. Ri ght now we | ook at
t he changes in dissolution for anything in ternms of shelf
life. W don't test bioequivalency at the back end. Those
changes in dissolution can be a result of anything changing,
i gnoring pol ynor phs, excipients, aging, whatever. |If we see
t hose changes, then we use that as a quality control so why
shoul d pol ynorph concerns be any different than the general
concern we have in the general product?

Now, if we really are concerned that we are
m ssing a significant change in bioequival ency because our
di ssolution profiles aren't good enough, then we need to go

back and do two-year ol d bi oequival ency studies on already
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mar ket ed i nnovator products to see if there is a change
because we know the dissolution profiles are good because
they collect that data. Now we are asking a different

t heoretical question, which is we are all confortable with
di ssol ution projecting bioequival ency and once we have
established it we are happy that dissolution will allow us
to catch any changes in that, but have we tested it? That
i s independent of a polynorphismissue. R ght? Wich is I
thi nk one of the things which Les was getting at. Because
we know that dissolution is indicative of bioavailability
but not guarantied. Have we ever really done that test?
And, that is conpletely different than the issues we are
tal ki ng about today.

Looki ng back on pol ynor phi sm m ght be just one
factor that m ght create a problem but we don't know that
for a fact, and as long as we are happy with dissolution as
a nmeasure of changes with aging, | think we should be happy
wi th dissolution as a neasure of changing with aging
regardl ess of whether it is a change in excipients, which
t hi nk m ght be nore |likely, than a change in pol ynorphs.

DR MORRIS: If | could just add to that, there
are a nunber of cases where different particularly hydrated
and anor phous forms, as well as pol ynorphs, show differences
in dissolution and they are also translated into plasma

concentration. There is a fair literature on that. W work

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

on trying to devel op nmet hods for quantifying polynorphs in
dosage forns, however, to Art's point and to Tonml s point as
well, he didn't tell you but when we were tal king he was
saying that even if you determ ne differences in polynorph
ratio in the final dosage forns, there is no guaranty. You
coul d pass spec fine with that determnation and still fai
di ssol ution because of particle size and other issues that
Art had raised. Not that | ama big fan of determ nation
but it is just not the only variable with respect to

di ssolution and availability | think.

DR. BENET: | am convinced that the dissolution is
satisfactory in its present state.

DR. LEE: Wuld you repeat that please, Les? W
coul d not hear what you said.

DR. BENET: | am convinced that we have adequate
protection with dissolution criteria at the present tinme for
t he dosage formover its shelf life because if | change that
then | feed in problens.

DR LEE: kay, thank you.

DR. MEYER  Law ence, under decision tree three,
guess the second di anond down, the question is does drug
product dissolution testing provide adequate controls to
determ ne pol ynorphic ratio changes? How are you going to
test that? Are you going to nmake different formul ations or
several forrmulations with different polynorphs and | ook at
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di ssolution and then | ook at something el se? How are you
goi ng to know t hat?

DR YU. Sonetines you | ook at other decision
trees and you tend to adopt them you know, but you don't
know how to answer them This is actually simlar to |ICH
BA, and the decision tree over there basically says does
drug product performance testing provide adequate control if
t he pol ynorphic ratio changes, such as dissolution? If we
truly want to know, if there is a concern, unlikely as it is
that there is a distinct possibility--we have to ask this
guestion first.

So, the likelihood is extrenely | ow but for us,
we, indeed, want to denonstrate that the dissolution testing
can provi de adequate control for polynorphic ratio changes
and then we will have to prepare product with different
pol ynor phic fornms and eval uate the bi oequi val ence st udy.
Sonetinmes if there is greater possibility for potenti al
conversions--we know there is a variety of crystal forns
exists, for all kinds of reasons if an anorphous formis
used the chance is extrenely | ow and, certainly, we are
confident that this dissolution nethod can detect potenti al
pol ynmor phi ¢ changes for the long run but at the initial
stage we may have to do bi oequival ence studi es, yes.

DR. HUSSAIN. | think in general, especially while

devel opi ng the BCS gui dance, we did a lot of data mning to
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| ook at how good the dissolutionis. 1In general, | think it
tends to be quite sensitive to changes in fornulation, and
so forth. But | think as we | ook forward to nore conpl ex
drugs, dosage forms and so forth, there is a strong need for
under st andi ng di ssol uti on and how we set specifications nore
based on physical chemcal attributes. So, that is sort of
a concern that I have. | think we need to keep in nmnd how
we set dissolution specifications and make sure those are
set appropriately. | think there is roomfor inprovenent in
t hat al so.

DR. MEYER: Under decision tree nunber one you
define highly soluble in terms of the BCS classification.
Now, are we really going to have whatever it is, six or
seven pH s for each of the pol ynorphs?

DR. YU The chance certainly is very |ow but we
define that as known pol ynorphs that are highly sol uble.
Looking at it another way, you |look at the nost stable form
The nost stable formactually determ nes our own answer to
this question because the neta-stable formtends to have
high solubility in the nost stable form So, what we
actually ook at for solubility when we as this question is
the solubility of the nost stable form It is not necessary
for you to get all the other information in order to answer
this question. |In other words, it is not necessary to get

the solubility of a neta-stable formto answer this question
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because we know the solubility of the neta-stable formw |
be hi gher than the nost stable formunder the sane
condi ti ons.

DR. MEYER. M objection is if they are all known
pol ynor phs, highly soluble as defined by BCS--

DR YU So, you are suggesting we should have
consi dered change, for exanple, the nost stable fornf

DR. MEYER. Either you do all the forns, |like you
say, and all the pH's, |ike BCS says or you have sone
nodi fi cation of that.

DR YU Excellent. That is a good suggestion,

yes.

DR LEE: Leon?

DR. SHARGEL: | want to address this first part in
terns of the nore stable formor less stable form | think

Gary Buehler hit it on the nose that litigation is often the
driving force in this area, as well as patents. Wen a
generic is comng on the nmarket, |looking at the API, we w |
certainly | ook at whether the polynorphic formwll or wll
not infringe on the innovator patent. So, it may certainly
be a different polynorph than the innovator.

The second is that if the product, once nmade, is
shown to be bioequivalent in simlar dissolution, do we

really have to worry so much about this part of the decision
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tree if our final product is going to be bioequival ent,
stabl e and show adequat e di ssol uti on?

DR MORRIS: Can | ask you when you say this part
of the decision tree, are you tal king about the solubility
part?

DR. SHARGEL: | amtal king about characterization
or trying to always choose the nore sol uble or nore stable
pol ynmorphic form |If there, indeed, is patent literature or
sonet hi ng, perhaps taking the cefuroxine axetil as an
exanpl e, the anorphous was used by--was it 3 axo? |In any
case, the crystalline formwould be naturally nore stable
than the original formin this particular case but they both
seemto be adequately bioequival ent and the USP nodified the
nmonogr aph accordi ngly.

DR YU. Yes, the case you are tal king about--1
don't know this case, but if all these forms, anorphous form
and crystalline, are highly soluble, therefore, nost likely
they will not affect the bioavailability so it is not
necessary to do any further testing or polynorphic
acceptance criteria for drug substance and drug product.

DR. MEYER. But the argunent in this case was the
crystalline formwas | ess soluble than the anorphous formin
ternms of greater solubility, and that was the rational e.

The crystalline form of course, was nore stable but |ess

soluble in terns of rate of solubility.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



Sgg

DR YU Yes, the crystal form-maybe one formis
| ess sol uble than the other but this does not necessarily
nmean these two forns are not bioequival ent.

DR. MEYER. Wiy do we need the first part then?

DR MORRIS: No, they are not bioequivalent, if
you | ook, the pure crystal and pure anorphous is what Leon
is saying. He is saying that they are not bioequival ent as
the final drug product. The fornulation, the way it was
made, i s bioequival ent and produces the same within the
confidence intervals or denonstrates bioequival ence.

DR YU  So, Leon, what exactly is your question?

DR. SHARGEL: | don't know how nuch we need to
worry about solubility and such at this stage as the real
stage is in the product itself. W characterize the
pol ynor phs anyway as a necessity, as | said, because of the
science and maybe political science fromthe point of view
of patents but the final analysis is the finished dosage
form

DR. YU In other words, what you are suggesting
is we don't have to worry until we go to decision tree two
to set up the specification

DR. SHARGEL: W do need specifications. | am not
argui ng about that.

DR. YU Certainly, decision tree nunber one is to

give you a scientific justification to provide an
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opportunity to not set up any specification at all. |If you
want to go through this one and set up specification, that
is okay. Your answer to the first question is yes; the
second question is no; and you go to set up specification if
you |ike. That is okay too. Yes.

DR. HUSSAIN. A question that sort of cones up,
think the | anguage and the term nol ogy we are using becone
critical beyond the political science that cones in. The
decision tree says are all known pol ynorphs--do you see a
problemw th that? | think wwth the software we are seeing
now we can predict all possible polynorphic forns based on
the chem cal structure but, in reality, in ternms of getting
t hose pol ynorphs in a physical sense is not always easy.

So, can you just give sone advice on the |anguage, how this
shoul d be structure?

DR LEE: Well, | think what we are looking at is
i f polynorphismis believed or suspected to be the cause of
t he problem-right?--what should we do?

DR YU | think A az' question is what defines
"known." \Wiat does "known" nean? So, should it be
experinmentally verified or just verified by the conputer?

DR. KIBBE: | think to change it from "known" to
"available.” |If one conpany uses a particul ar pol ynorph and
| can get ny hands on the sane polynorph I am fini shed.

Okay? So, it is are there avail able polynorphs with
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different apparent solubilities, and am| using the same

pol ynmor ph or does nmine have the sane solubility as theirs?

| don't think someone maki ng a product needs to have clearly
avai lable to themall the possible polynorphs or all that
have ever been di scovered. They have to deal with what is
avai l able in the marketpl ace that can be used.

DR MORRIS: Yes, | sort of see where you are
going there but | think there is a problemthere. | would
agree to the extent that there are a | ot of conpounds that
are known to form sol vates that m ght have 20 different
solvates, and | agree that if you are not using that in your
process there is not a lot of reason to go after it. But
because of sonme of the differences, as Leon was talking
about, the differences in the devel opnment process and the
raw material supplier, |I think you have to screen to the
extent that you know that you are not probing an area and
confirmation space, which is the software that A az was
referring to, that will now be stabilized by your system
| f you go into polynorph predictors you can find, you know,
a thousand forns and, obviously, if you can isolate, you
know, ten of themthat wouldn't be unusual. O those ten
maybe only two are really in an energetic range to be
significant. But even the pol ynorph predictors don't
typically predict solvate forns and certainly nothing is
going to predict anorphous fornms very well at this stage.
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So, | think you are still forced on the enpiricism of
screening to the extent that it enconpasses the exposure
that you expect your nmaterial to be subject to, particularly
if you are doing wet granul ation, as we tal ked about before.
| f you are going to DC or direct conpression, maybe there is
an even little narrower focus to your screen.

DR. HUSSAIN. That sort of brings nme back to what
Leon was trying to get at probably. 1In a sense, the
regul atory question essentially then becones if you have
sel ected a supplier of drug substance for your product, then
t hat beconmes your material of interest. Wy go to anything
beyond t hat ?

DR MORRIS: Well, in terms of your supplier that
is fine but, again, if you | ook at the exanples of
conversion during processing even or storage, particularly
if you are using a different formthan already has a
history, | don't see that that let's you off the hook in any
way. | just think that it focuses nuch nore on what you
have to worry about so you don't have to worry about the
hundred forns. If you are just using an aqueous-based
system then you are not going to use--

DR. HUSSAIN. What | was driving at was, in a
sense, to qualify any given product formulations, hopefully,
you go through the devel opnent; you go through the
stability; you go through the bioavailability anyway. But
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now your material is what you are starting with and you just
focus on that material rather than |ooking for al
possibilities and sort of the physicochem cal attributes
woul d just focus on that material rather than | ooking at al
possibilities.

DR. MEYER: Maybe that could be in the sense of
does your pol ynorph convert to another form and are the two
forms, two or nore forms, do they have different solubility?
Are they both highly soluble? So, you focus in on what is
bei ng used in that application.

DR. HUSSAIN: And when there is a change in
supplier, then everything kicks in.

DR MORRIS: | see what you are saying. Yes,
certainly and that is what we were tal king about earlier.
| f you change your supplier and they have a different
crystallization step or a different profile--1 guess one of
t he exceptions would be in a case, as you were di scussing,
where you are now seedi ng anorphous material with
crystalline material. That is very nerve-wecking. |
realize that so far it has been, you know, okay but, to ne,
that is the sort of thing that really bears nonitoring
because here you are sort of setting things up to fall down
t he t hernodynam c hill

DR. KIBBE: Wat you are suggesting | think is
that it is really easy to get past the beginning and to
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decision tree two; that it is hard to, say, blow off any
concern about polynorphism Wat | was saying is that if
yours and the innovator's are the only available forns, then
you are done. | nean, if the two are the sane pol ynorphic
forms, you are done. That is the only way you woul d get out
of here w thout doing any--

DR. YU That is correct and, actually, in many
cases despite the fact that the conputer predicts ten
solvates, in reality we can only discover one or two or, in
many cases one pol ynorphic formand we don't have to worry
about this in the future. So, if we can use decision tree
nunber one at |east to avoid unnecessary testing down the
road--if you want to go to decision tree nunber one and if
you want to always test to set up specifications, that is
okay.

DR MORRIS: And to your point, Art, and it is
sort of sonething | tal ked about in the slides |I presented,

i ncl usi ve of anorphous and sol vate or hydrate forns you have
to have the caveat that if there is something in the

i nnovat or product or even in other generic products that has
been specifically done to stabilize an otherw se highly

net a- st abl e phase, then you are addi ng anot her dinension to
the risk that has to be assessed. | amnot saying that it
still doesn't pan out to be--you know, once you have settle

on that formit gives you a nmuch higher |evel of confidence.
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DR LEE: | guess what we are hearing is that
there is an attenpt to wite specifications but there are so
many excepti ons.

DR. HUSSAIN. It is sort of a balancing act where
we actually bring the right science to bear on the type of
guestions we are asking because one of our chall enges, |
think, that we face is that generally in the drug approval
process we have nmuch nore limted data as opposed to the new
drug revi ew process. So, sone of the decisions with respect
to stability, and everything, is on sonewhat nore |imted
data. So, | think it is a balance that we have to strike
t hat has enough characterization to work on sonme of the
ot her chall enges that we face.

DR LEEE O, to sumthings up, you can say that
science will take care of itself.

DR YU It all conmes down to if the firm has
provi ded adequate information to convince us that they can
produce the generic product which is high quality, which is
equivalent to the reference listed product. It all boils
down to this question

DR MORRIS: Yes, if | can sort of summarize what
| think, I nmean, it is a case by case basis in a sense but
that is not a bad thing because the decision tree stil
gives you the framework to work by, but no matter how nuch

we try to take the science out of the decision-nmaking
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process, not at the FDA but in terns of our general

techni ques for com ng down to specific cases, you are al ways
going to apply the science that is appropriate at the | evel
that it is appropriate. | think that is all that the
decision tree is trying to do, to say where do you need to
apply what science. That is what it boils down to. Wat
science there is will depend on the case. Oherw se, you
can't classify anything. | mean, we have a separate
decision tree for polynorphs and hydrates and then hydrates
and anor phous which is just too cunbersonme to even do. So,

| think that the concept is sound and it is just a matter of
us, as a community, saying, you know, you have to give your
scientists freedomto do what they need to do when they need
todoit. In that case it works pretty well.

DR LEE: Thank you. |Is everybody confortable
with that?

DR. MEYER: Let ne raise just one question about
the footnote in decision tree three. It bothers me, unless
you have data to back it up which you may very well have, in
footnote two it says dissolution testing with appropriate
di ssolution may frequently detect potential conversion of
pol ynmor phs during storage of the product. It refers to the
product | believe. |In rare cases dissolution testing is not
able. How many "frequent" exanples do you have where you
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are able to see the pol ynorphic conversion in a product
during storage that was picked up by dissolution?

DR YU | guess this cones back to the sane
guestion about drug products or drug substance,

i nteractions, excipients, drug substance interactions. It
comes down to this, that in this case, for exanple for sone
poorly sol uble drugs, |ike carbamazepi ne, you can devel op

di ssolution to detect the difference. However, for highly
sol ubl e drugs, and nost polynorphic forns are highly

sol uble, probably it is very difficult. So, what you cone
down to in the decision tree is the |ikelihood that the drug
is poorly soluble, therefore, if there is a potential
conversion, potential solubility change, the |ikelihood very
often will be that it can detect potential changes.

DR. MEYER. | don't disagree with your statenents.
| amcurious as to whether Gary can talk to | awers or
appear in court and say, oh, we frequently can detect and
sonmeone then will say, well, give ne twenty exanples, or
ten, or sonething other than carbanmazepine.

DR YU W actually have a working group which is
col l ecting approved ANDAs to see those decision trees. So
far our situation is pretty good.

DR. HUSSAIN. Let nme sort of rephrase that. That
is an inportant point because | think the | anguage matters

here. | think our know edge base or database that we have
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for dissolution, in a sense when you | ook at dissolution you
are |l ooking at a conplex system not just polynorph changes.
The entire systemis changing, and so forth. So, what that
essentially does tell nme is that that box could essentially
read that dissolution testing is a sensitive indicator of
changes that occur that relate to dissolution changes.

mean, that is what we are tal king about, not per se a

pol ynor ph change.

| f you break it down to pol ynorphi c conversi on,
don't think anybody has the data. The argunent is supported
t hat di ssolution changes are reflective of solubility
changes and, therefore, the logic is there but I amnot sure
the data is there that goes to that point.

DR. RODRI GUEZ- HORNEDO. | agree with what A az
said. | amnore confortable with the term nol ogy based on
solubility because actually |I have seen sonme cases, and we
have studies sonme in our |ab, where if you have very fast
pol ynor phi ¢ conversion to the nore stable formthe
dissolution test is not going to be discrimnating. So,
woul d think that the terminology in footnote two is alittle
bit confusing.

DR. SHEK: But wouldn't then the question be is it
significant? |If the dissolution doesn't pick it up, is this
conversion fromone pol ynorph to the other significant
bi ol ogi cal | y?

M LLER REPORTI NG COVPANY, | NC
735 8th Street, S.E.

Washi ngton, D.C. 20003-2802
(202) 546- 6666



Sgg

DR. HUSSAIN: It won't be. | nean, that is the
basis of the current system

DR LEE: It seens to nme that there are sone
suggestions for changing the wording. Anything else? No?
Done. Any other comments? It seens to ne that obviously
pol ynorphismis quite inportant for certain drug substances.
| think that specifications m ght be useful as sone kind of
gui dance but | don't think we can be rigid in the wording.
| think that is the nessage.

DR. YU Yes, thank you.

DR. LEE: Is there anything el se?

DR. MEYER  You didn't cover nunmber C, about the
extraordinary formul ati on or manufacturing process.

DR YU | amsorry, that was deleted. The
wor ki ng group realized that that sentence is very vague. W
had to delete this sentence. Thank you.

DR LEE: Thank you very nmuch. | think that is
about it for pol ynorphism

Aj az asked ne to nake a comment about ny
observations on this commttee, and I promse | will not
spend lots of tine on it.

First of all, I think it is a wonderful experience
and it is wonderful because of the diversity, and because of
diversity I think we have to | earn how to be quick thinkers

and also to act in a fair manner.
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| amvery please to see that a subconmttee
structure is evolving. As | said earlier this norning, it
is very scary to be able to understand all the issues and |
think the subcommittee structure will help to deal with sone
of this alittle bit.

| think I also began to see, as Helen said this
norning, that there is kind of followup, continuity. |
think we are getting there but oftentinmes nmy concern is that
sone of the issues kind of last for a long tine so that what
we have recommended today or tal ked about today may not be
shared, or our successors may not be privy to what has been
di scussed before and | think that naybe sonme kind of
archives would be useful. | think | see that sone kind of
structure is evolving in the sense that we have these--what
are these called, A az?--awareness and sone things wll
follow down the line. | often wonder whether or not a two
or three times a year neeting is sufficient. Everybody is
busy but | hope that with the subconmttee there will be
nore informed di scussion about the issues.

When | first took over the chair, | was not really
aware about the statute. |In fact, as scientists we tend to
be spontaneous; we like to discuss matters ahead of tinme but
because we al so wear another hat all the discussions have to
occur in public. So, | think that nmay be sonethi ng that

needs to be changed in sonme way. But in the end, | thought
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there is a strong partnership between the regulators and the
scientific advisors. | think in a way we are a nenber of
the commnity. | think today we have seen several of these
scenes play out again. Questions were asked fromthe
statistician's point of view, things don't seemto make nuch
sense and, yet, it worked.

So, | just as | begin to understand how t he
operation goes, it is time to go, not that I want to stay on
forever. But | think sone of the things | see changing are,
nunber one, the subcommttee structure, and |I think there
may be a better access to the informati on database. | am
ranmbl i ng here, but maybe how the focus is organi zed woul d be
gquite useful. | think the presentations are getting to be
very constructive in the sense that you kind of point out
i nportant issues and oftentines for those of us who m ght be
busy, may not study every single docunent carefully. |
tried to set up the subcomm ttee structure. It seens to
work but | think, again, that we are still kind of hindered
by how readily the information is available. So, if you
have a web site you can instinctively go to where to find
t he actions, the suggestions that we have.

Comm ttee nmenbers, other opinions? | think
everybody is anxious to go.

DR. HUSSAIN. Al right, just a few thoughts to

close this day, | think this norning we have seen a whol e
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host of topics fromthe PAT subconmmttee report on what we
are trying to do there with respect to blend uniformty,
with respect to CMC ri sk-based revi ew and pol ynorphism |f
you | ook at the underlying discussion and thenes, there are
many common issues. | think ending the discussion today
wi t h pol ynor phi sm sort of reinforces sone of the basic
fundamental s that we have, for exanple the dissolution test;
how good is it; how do we set the specification; and how do
we do the right type of testing. So, the bulk of this
committee in trying to bring nore focused di scussion on the
science of our test procedures, and so forth, really cones
home to sort of bring standards that are well grounded in
sci ence.

At the sane tine, | think what the PAT initiative
al so serves is to take the next step. |If you | ook at
pol ynorphism if you want to characterize pol ynorphic fornms
or particles size you are going to do that froma very snal
sanple size. Were is that sanple comng fron? 1Is it
representative? Because we are nmaking maj or deci sions on
all these aspects on few sanples. |If we are just figuring
out sanpling strategies for blending, a fifty-year old
operation, you can imagi ne where we are in that sense. You
can al so see why the CMC review is so inportant, and the
ri sk- based approach is so difficult to adopt because of the

unknown aspect that we struggle wth.
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So, | think what we have tried to do is set up
chal I enges, and identify challenges to be addressed by the
current systemand al so, at the sane tine, develop a new
system whi ch actually overcomes sone of these chall enges.
So, | hope you can see all these interconnections between

the topics we have discussed and will continue to discuss

with you. Again, thank you. It was a wonderful day.
DR LEE: | think in a way you nentioned a very
inportant point. | wonder whether it would be useful for

the commttee to identify two or three issues to work on.
think it is very inportant for us to anticipate where
science is noving in the next five years. W have to
respond to the issues that you raise but, hopefully, we, the
scientific community, response nore in a proactive way.
Again, | want to enphasize the partnership, nenbers of the
same comunity.

Thank you very much for today's di scussion.
Tonmorrow we are going to come together at 8:30 again. Have
a good eveni ng.

[ Wher eupon, at 4:05 p.m., the proceedi ngs were
recessed, to resune at 8:30 a.m, Tuesday, Cctober 22,

2002. ]
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