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PROCEEDI NGS
Call to Oder

DR KIBBE: Ladies and gentlenen, shall we
begin. This is the Advisory Conmmittee for
Phar maceuti cal Science. Today is April 13th. Those
of you who have not done your taxes, because you
are here working for us and the Federal Governnent,
you will get exactly no conpensation to allow you
to do your taxes late.

Hi | da.

Conflict of Interest Statenent

MB. SCHAREN:. Good norning. | amgoing to

start reading the Conflict of Interest Statenent

for the Advisory Conmittee for Pharmaceutica

Science. | am Hilda Scharen with the Center for
Drugs, FDA. | amthe Executive Secretary for this
comm ttee.

The foll owi ng announcenent addresses the
i ssue of conflict of interest with respect to this
meeting and is nade a part of the record to
precl ude even the appearance of such at this
nmeet i ng.

Based on the agenda, it has been
determned that the topics of today's neeting are

i ssues of broad applicability and there are no
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products being approved at this neeting. Unlike

i ssues before a committee in which a particul ar
product is discussed, issues of broader
applicability involve nmany industrial sponsors and
academ c institutions.

Al'l Special Governnent Enpl oyees have been
screened for their financial interests as they may
apply to the general topics at hand. To determ ne
if any conflict of interest existed, the Agency has
revi ewed the agenda and all rel evant financial
interests reported by the meeting participants.

The Food and Drug Admi nistration has
granted general matter waivers to the Special
CGover nent Enpl oyees participating in this meeting
who require a waiver under Title 18, United States
Code, Section 208.

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

Because general topics inpact so many
entities, it is not prudent to recite all potentia
conflicts of interest as they apply to each nemnber
and consul tant and guest speaker.

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

Wth respect to FDA's invited industry
representatives, we would like to disclose that
Gerald Mgliaccio is participating in this neeting
as an industry representative acting on behal f of
regul ated industry. M. Mgliaccio is enployed by
Pfizer. Dr. Paul Fackler is participating in this
meeting as an acting industry representative. Dr.
Fackl er is enpl oyed by Teva Pharmaceuticals U S. A

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

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

Thank you.

DR. KIBBE: Thank you. | am Art Kibbe. I
am Chai rman of the Pharmaceutical Science's

Departnment at W/ kes University.
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We have a tradition of introducing
everyone around the table, so, Dr. ONeill, if you
will start.

DR O NEILL: | amBob O Neill. | am
Director of the Ofice of Biostatistics in CDER

DR HUSSAIN. Ajaz Hussain, Deputy
Director, Ofice of Pharmaceutical Science.

M5. WNKLE: Helen Wnkle, Director
O fice of Pharnaceutical Science.

DR VEN TZ: Jurgen Venitz, Cinica
Phar macol ogi st, Virginia Commonweal th University.

DR SELASSIE: Cynthia Sel assie, Professor
of Chem stry, Ponona Coll ege.

DR. BOEHLERT: Judy Boehlert. | have ny
own pharmaceutical consulting business.

DR SWADENER: Marc Swadener, retired from
the University of Col orado at Boul der.

DR. MEYER  Marvin Meyer, Eneritus
Prof essor, University of Tennessee, now a
consul tant in Boca Raton, Florida.

DR KAROL: Meryl Karol, a Professor at
the University of Pittsburgh in Environnmental and
Qccupati onal Heal th.

DR LAYLOFF: Tom Layl of f, Managenent

Sci ences for Health, a nonprofit, working primarily
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in Africa on drug quality.

DR KOCH: Mel Koch, Director of the
Center for Process Analytical Chemstry at the
Uni versity of Washi ngton.

DR. COONEY: Charles Cooney, Department of
Cheni cal Engineering at MT.

DR DeLUCA: Pat DelLuca, Professor of
Pharmacy at the University of Kentucky.

MR MGIACCIO Gerry Mgliaccio, Vice
President of dobal Quality Operations for Pfizer.

DR FACKLER: Paul Fackler, Teva
Phar maceuti cal s.

DR KIBBE: Thank you.

Next on our agenda is an Introduction to
the Meeting. Ms. Wnkle.

Introduction to Meeting

M5. W NKLE: Thank you and good morning to
all the committee nenbers. | especially want to
wel come the nenbers who have not attended before or
are just joining us for the first tine.

That includes Dr. Cooney, Dr. Koch, and
Dr. Singpurwalla, who is not here yet, but will be
joining us later today, and also to Gerry and Paul
for helping us out as industry reps. W are really

pl eased to have both of them here working with us.
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[Slide.]

Today, | just want to give a short
update--it will probably be |onger than short, but
it is supposed to be short--update on sone of the

things that we are doing in OPS

[Slide.]
Today, | want to talk a little bit about
the OPS mission, vision, and goals. | think it is

really inportant for me to go over these with the
committee because it helps all of us understand a
little bit nore about where OPS is going in the
future. | think that as we tal k about various
scientific issues, it will help put things in a
better perspective for the committee.

We have just recently finalized the
m ssion, vision, and goals, so | think it is
important that | share them

| also want to talk a little bit about
what we are doing in OPS in devel oping a new
paradi gm for CMC review in our Ofice of New Drug
Chemistry. This is really an exciting effort that
we have undergone, and | think there are a |ot of
things that will be very beneficial to talk about a
little bit here.

Alot of this is built on the
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10
Pharmaceutical Quality Initiative for the 21st
Century, so it helps put that in perspective, as
well as to what we are doing in the future in OPS

| also want to nmention some of the new
personnel that we have in OPS and then talk a few
m nut es about the neeting agenda.

[Slide.]

The nission statenent. Again, | think
this is very inportant because it sets forth what
OPS is currently focused on, and it is inportant
not only to those activities that we are engaged in
and working on very diligently in the organization,
they are also very inportant in supporting the
overall mssion of the Center and mi ssion of the
Agency.

Basically, our mission statenment is to
ensure tinely availability of high quality drug
products to U S. patients. W are doing this
through effective and efficient scientific
assessnent of rel evant pharnaceuti cal and
bi ot echnol ogy information in the subni ssions, and
by facilitating those scientific and technol ogi ca
i nnovation that inprove understandi ng of product
performance, quality, and efficiency of

devel opnment, manufacturing, and quality assurance
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11
processes.

Many of these things that we have tal ked
about at past neetings, that we will talk about in
the future, fall very much within this mssion
statenment and some of the things that we are trying
to acconpli sh.

[Slide.]

Qur vision is to be an internationa
chanmpion. | think it is very inportant that we
tal k about where OPS is going froman internationa
perspective because things are nore gl obal

Qovi ously, now industry, many of the
things that we work on are global, and we need to
be part of that overall global involvenent in
phar maceuti cal science, but we really want to be
champions and | eaders in the regulatory application
of contenporary scientific know edge, and that
know edge that affects the design, devel opnent,
manuf acture, and clinical performance of
phar maceuti cal and bi ot echnol ogy products.

[Slide.]

Basically, the goals are for OPS prograns
and projects to support the achi evenent of the
followi ng attributes of drug products:

The drug quality and performance is
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achi eved and assured through design of effective
and efficient devel opment and manuf act uring
processes;

That regul atory specifications are based
on a mechani stic understandi ng of how product and
process factors inpact product perfornance;

And that there is continuous "real tine"
assurance of quality.

These are all very inportant objectives
that we are striving toward

[Slide.]

Also, OPS will inplenent a review quality
system and procedures throughout the organi zation
that will:

Recogni ze the level of scientific
know edge supporting product applications, process
val i dation, and process capability;

Apply a risk-based regulatory scrutiny
that will relate to the level of scientific
under st andi ng of how formul ati on and manuf act uri ng
process factors affect product perfornmance, and the
capability of process control strategies to prevent
or mitigate risk of poor product performance

[Slide.]

| wanted to talk a few m nutes now that |
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have tal ked about sort of the mission and the
goal s, and you have a feel for where we are going,

I want to tal k about sone of the changes that we
are nmaking. Specifically, | want to talk about the
changes we are making in CMC revi ew.

To help set the stage for the future, |
wanted to go quickly through the FDA Strategic
Action Plan that Dr. McCellan initiated when he
cane on board, | want to tal k about the
Pharmaceutical Quality for the 21st century, which
is areally inmportant initiative that is taking
place in the Agency, and is very inportant to us as
we nove ahead in the Ofice of Pharmaceutica
Sci ence and some of the things that we are trying
to acconpli sh.

I want to talk just a second about
resources in our CMC area, because | think wthout
mentioning the resources and the problens that we
have in resources, it is hard to understand why the
changes are necessary that need to be made in order
to inprove on how we do review.

Al'so, | want to tal k about a few other
i nfluences that have happened since the
organi zation was first established in 1995

[Slide.]
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The FDA Strategic Plan - Responding to
Chal | enges and Opportunities. Again, as | said,
Dr. McCellan introduced this plan several nonths
after he entered the Agency. He was very focused
whil e he was here at the Agency on acconpli shing
these particul ar aspects of all of the products
that are regul ated by FDA.

Mai nly, he focused on efficient risk
managenment, so that we were sure we were going to
get the nost public health bang for our regulatory
buck.

He wanted enpowering consuners. He felt
that | think all of us understand there is a ot of
interest on the part of consumers in their own
health care, and he wanted to be able to i nprove
heal th through better information to consunmers, so
as they make decisions, as they |ook at their own
health care, as they even deal with their
physi ci ans, et cetera, that they have a better
under st andi ng of the medications, food, et cetera,
et cetera, that they need to take or use.

He wanted to inprove patient and consumer
safety, protect Anerica fromterrorism and nore
effective regul ation through a stronger workforce.

So, as we nake changes in OPS, and we | ook

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (14 of 312) [4/27/2004 10:36:33 AM]

14



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

15
toward the future of things that we want to do
differently, and how we want to do those, we are
trying to incorporate many of the things that Dr.
McCl el lan incorporated in his strategic plan.

[Slide.]

Al'so, as | nentioned, the FDA Initiative
on Pharmaceutical Quality is an inportant
groundwork for sone of the things that we are doing
now and in the future in OPS

This particular chart is very hel pfu
because it shows the particul ar di mensions of the
plan for strong public health protection, for
i nternational cooperation, for risk-based
orientation, science-based policy and standards,
and integrated quality systens orientation. These
are the really inportant aspects of the initiative
and where we are going.

[Slide.]

There are various directional vectors that
came with the initiative, and I won't go through
each of these. | think you can | ook through them
but I think they are inportant as we | ook at OPS
and where we are going for OPS in the future, so
| ooking at our regulatory policies, nmaking sure

that we incorporate new technol ogy advances when we
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16
do our regulation, that we are able to work with
i ndustry, et cetera, in doing some of these, and
that we have consi stency and coordi nation
t hroughout the whole drug quality regul atory
program

[Slide.]

Here is basically the directional vectors
and many of the things that are bei ng worked on
under the GWP initiative agencyw de.

These include | ooking at a preapprova
i nspection compliance program dispute resolution
processes being established, a pharnmaceutica
i nspectorate that focuses specifically on
phar maceuti cal products during the inspection
process that is being set up. W are hoping to
have product specialists on inspection process, and
we hope to start that very soon

We have set guidance on CFR Part 11
aseptic processing guidance, a conparability
prot ocol gui dance. W have been doing a | ot of
stuff with risk managenent and quality by design
and, of course, PAT, which we have tal ked about.

But you can see where each of these sits on the
whol e vector between risk and science. These are

all inmportant aspects of the initiative.
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17

[Slide.]

But the nost inmportant thing to me about
the initiative is it afforded us in OPS, a |lot of
opportunities to change the way that we do
business. It has opened up a wi ndow of time for us
to really |l ook at how we do busi ness and nake the
changes that are necessary to nove forward into the
21st century.

This is not easy, and | will go through
sonme of the challenges what we have had, but first
of all, I want to tal k about some of these
opportunities and just nmention themto you, because
I think they are really inportant.

We really have the opportunity now to
strategi ze nore on how we are going to ensure
product quality. This is ensuring product quality
across all of the Center, and it is the first tine
we really have thought about the whol e aspect of
product quality and what needs to be done to ensure
in the future that we are focused on the right
aspects of that.

We need to revisit our processes. This is
a really good opportunity for us to do that. W
have built processes over the |last 20, 25 years,

not only in review, but in inspection, as well, and
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this gives us an opportunity to look at all of the
processes that fall under pharmaceutical quality
regul ation, and to incorporate best practices.

W need to focus nore on nanufacturing and
associ ated issues relating to the quality of
products, one of the things that was very apparent
to us when we went in and | ooked at the review
processes, that we did not pay as much attention to
the actual nmanufacturing of products and how it
affected the quality of the products.

So, this is a really good opportunity for
us to do that. W have a lot to |learn and we have
to work with a | ot of people because obviously, we
don't have as nuch understandi ng as we need, but we
are doing a lot and | ooking at manufacturing
science and trying to get a better understandi ng of
that. | think that has been very apparent in some
of the things that you have tal ked about w th PAT,
we will talk about even nore today.

We need to focus both on review and
i nspection, and we need to put nore science into
those. A lot of tinmes, and it has been said tine
and tine again, we have not used really good
sci ence in nmaking the decision, and sonetines we

have had a | ot of conplaints fromindustry and
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ot hers about that lack of really scientific
under st andi ng on inspections, so this is areally
good opportunity for us to ensure that that science
exists, but it is really inportant that we ensure
that it is part of the review process, as well, and
it is going to take tinme, but | think working with
our people and others, we will get there in the
future

W need to enhance the interactions
bet ween review, inspection, and conpliance. One of
the things that was very interesting to me right
before we started the initiative is we net with a
nunber of people fromtrade associations, and it
was made very clear, the gap between what happens
in review and what happens in inspection, and who
is sitting in the mddle but industry with a |ot of
questions on how policy was set or what the policy
means, and dealing with the inspectors day to day
who really don't have an understandi ng of that
either, so we really need to ensure better
i nteracti on between review and i nspection.

W need to foster comunication with
industry. In the review, we have been very
hesitant to talk nmuch to the industry and to work

with the industry, not only on specific
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applications, but on science in general, and there
is alot of science in the industry that can be
very beneficial to us in the Agency to understand
the processes and understand nanufacturing and
pharmaceutical quality, and we need to do nore of
t hat .

We need to have early discussion on CMC
questions. As | already nmentioned, we have a
di spute resolution process that we are setting up,
which we feel will be very hel pful to give industry
an opportunity to talk with us when they have
scientific issues or questions.

We need to | everage resources for the best
bang for the buck. This is a real problem and as
| said, | amgoing totalk alittle bit nore about
resour ces

We need to sinplify the regulatory
requirenents and we need to be able to find ways to
reduce sone of the regulatory burden. W have
tal ked here before at the committee about the
nunber of supplenents that we get in the
organi zation, we are really drowning in
applications in supplenents, and all of themare
treated basically the sane, and we need to really

step back and | ook at ways that we can put nore
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enphasis or nore responsibility on industry and try
and work with themto have better understandi ng of
things, and not get as many applications.

W need to elinminate the "check box"
approach that we have. What we do basically in
reviewis we go through and do you have this, do
you have that, do you have this without a rea
under st andi ng of what the process is, the
manuf act uri ng, the whol e i nportant aspects of
pharmaceutical quality.

[Slide.]

We need to enhance training opportunities,
and we now have this opportunity under the GW
initiative, as well as sone of the things that we
are undertaking in OPS. W are in the process of
wor king with several of the pharmaceutica
i ndustries to set up plant residency prograns for
sone of our chem sts.

We have other cross-training opportunities
that we are discussing, and then we have the
pharmaceutical inspectorate, and the reason | put
this here is not only will we be able to train our
i nspectors better as far as sone of the aspects or
manuf acturing science, will it be able to take

advant age of those fromthe revi ew standpoint, as
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well, and | think this will be extrenely hel pfu
and useful to us in our future regulatory
activities.

[Slide.]

We need to enhance FDA's know edge
regardi ng new technol ogi es in manufacturing, and we
need to encourage innovation, and again this goes
back to PAT.

We need to devel op processes that are
focused nore on product risk, which we have not
done. As | said before, alnost every product has
the sane weight, sane | evel of review, and we
really need to |l ook nore at the risk aspects of the
product .

We need to revisit how quality of products
relate to ensuring safety and efficacy, and
especially ensuring clinical rel evance.

We need to alleviate industry's concern

regarding reprisal. | hate to put this up, it's a
bad word "reprisal," but that thought is out there
often in industry, |I hear it tinme and tine again,

and | am hopi ng through better interactions with
industry, with better understanding of the science
and the ability to discuss the science, we can

begin to elimnate sonme of these concerns.
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W need to enhance our internationa
i nvol venent. We are working on pharnmaceutica
devel opment and ri sk managenent in international,
but we need to do nore of this, because again it's
a very global world out there, and we need to be
sure that we are involved in everything that is
happeni ng on the international front.

[Slide.]

| did say | wanted to nention resources
real quickly. 1 thought this would give you a
better perspective again as to why we want to nake
sone of the changes in CMC. The workload is really
difficult for our CMC reviewers in new drugs.

We got, in 2003, 159 NDAs, 342 comercia
I NDs, 507 research I NDs, 1,858 CMC suppl enents, and
that doesn't include efficacy or |abeling
suppl enents, and 1,132 annual reports. This is a
lot of work to take on, and this is a |ot of work
because we have fewer and fewer review staff.

We have constantly been over the |last few
years hit by reductions in resources, so we are
doing nore work with | ess people, and we have
really got to think of ways to streanline the
process and to be able to get sone of this done in

a nmore efficient and effective manner.
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[Slide.]

O her influences, though, too, that bring
about the necessity for change, as | said, in 1995,
when ONDC was established, it was collocated with
the clinical divisions, and this seened to work
really well for a couple of years, but a |ot of
t hi ngs have happened within the Center, within the
Agency, within the world, that really affect how we
do the CMC reviews, so we really need to rethink,
based on these influences and changes, how we do
t hi ngs.

Some of the influences includes shorter
PDUFA deadl i nes, FDAMA, agai n harnonizati on and
gl obal i zati on, such changes in our regul atory
processes, such as SUPAC, BACPAC, new technol ogies
i n pharnmaceuti cal manufacturing.

[Slide.]

PAT, counterterrorism counterfeit
products. W were just tal king about the fact that
we can't even begin to keep up with counterfeiting,
we have to find better ways to do that.

BSE and other crisis, such as that. There
has been a greater focus on generic drugs, and
tomorrow we will spend a lot of tine tal king about

sone of the issues that we have with regul ating
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generic products, and it is really inportant that
we begin to focus nore on some of these issues and
how we need to ensure that we incorporate other
thinking fromthe new drug side into how we are
going to regul ate generic products in the future.

There have been a | ot of changes in
i ndustry, nore gl obalization nergers, et cetera.
There has been el ectroni c subm ssions. W are
wor ki ng very hard to hopefully enhance the
efficiency of our processes through electronic
submi ssi ons, and there has been nore focus on risk
managenent and qual ity systens.

[Slide.]

So, basically, what we need to do is to
change the paradigmfor CMC review. | have tal ked
about that we have the opportunity to do this. The
things that we really need to focus on based on
those opportunities is really to develop a
ri sk-based CMC revi ew.

I think this is really inmportant, and
think we are going to need help. This is not going
to be an easy thing to determine risk

I think products are going to come and go
that are risky, we see that all the tine, products

that you don't expect when it cones on the market
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1 to have any risk, then, things are found out |ater
2 on, so it is not going to be an easy process to
3 develop, and it is going to take a | ot of thought
4 and probably a lot of help even fromthe comittee,
5 but this is definitely a direction that we need to
6 head i n.
7 We need to establish quality systens which
8 hel p set the framework for ensuring that we do have
9 a dynam ¢ organi zation and that we can handl e the
10 conplications of the regulatory processes.
11 W need to focus resources towards efforts
12 that inprove quality, and not hinder and interfere

13 with innovation, and | think that is very

14 important, and we need to focus on all aspects of
15 OMC

16 We need to | ook at chemistry, we need to
17 | ook at manufacturing, and we need to | ook at

18 controls, and we have not done as good a job of

19 this in the past.

20 [Slide.]
21 The advant ages of the new paradigm for
22 FDA, we will have nore product and process

23 know edge, which can be shared by industry, so that
24  we have a better understanding of the products that

25 we regul ate.
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We will have nore efficient resource
al l ocation for review and inspection, and we can
i ncrease our trust and understanding of industry
deci si on nmaki ng.

[Slide.]

The advantages for industry is hopefully,
that we will have fewer, nore efficient,
sci ence-based i nspections, faster, nore consistent
reviews.

There is a potential for reduced
regul atory burden, for nmanagi ng changes with |ess
FDA oversight, for focused resources on critica
i ssues, flexibility to focus on what shoul d be
done, not what can be done, and to inprove
communi cation with FDA

[Slide.]

But nost of all, the ultimte beneficiary
is the public, and we hope through sone of the
changes that we nmake, that we can increase the
availability of drugs on the market, we can have
faster approval of new products, we can have
continued assurance of high quality products, and
we can increase the public's confidence in the work
that we are doing in FDA, and hopefully, reduce

costs, which isn't, of course, our business, but
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sonet hing we hope is going to cone out of sone of
the changes that we are naking.

[Slide.]

The new paradigmwi |l include devel opi ng
strategies to recruit and train reviewers. One of
the things that we realize is that we have a rea
gap in the qualifications that our reviewers have

We need nore that have understandi ng of
drug di scovery, analytical chenmistry,
phar maceuti cal engi neering, and we are going to be
| ooking at recruiting and training people in these
ar eas.

W need to build a | earning organization,
one that is skilled at creating, acquiring, and
transferring knowl edge. This is one thing we have
not done an adequate job of in the past, and we
really need to work on, probably not only just in
OPS, but throughout the whole Center

We need to set specifications based on
sci ence and process understanding. W need to
reengi neer the process, so that we have the best
practices, nmetrics, and that we are custoner
ori ent ed.

This is another thing that we have not

paid a lot of attention to in the past, which we
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really need to ook toward in the future, is who
our custoners are and what they need.

[Slide.]

We need to increase enphasis on
manuf acturi ng sci ence, we need to ask the right
questions at the right tinme. W need to inplenent
peer review by FDA scientists and clinicians.

Establish a programto better integrate
revi ew and i nspection, devel op processes which
ensure regul atory relief based on process
under st andi ng and control, quality systens in
manuf act uri ng, and conti nuous inprovenent is very

important, and we need to create a better work

envi ronment and pronote job satisfaction wthin our

organi zati on.

[Slide.]

As | said, there is a lot of challenges.
The current culture, both inside and outside of
FDA, is definitely the biggest chall enge we have.

It is very difficult to get people to think

differently. They have worked in a certain culture

for years and years, and changing that culture is
not easy. W see that both inside the Agency, as
wel | as outside.

Hring is not easy, it is very difficult
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to find people with the right skills that want to
come to work for the Governnent, and this is a big
chal | enge that we have ahead of us.

Est abl i shing performance netrics is also a
chal | enge because we have really never had the
metrics to neasure anything except for the anount
of work we get, and we are really going to have to
step back and look at this differently.

We need to identify gaps in requirenents.
W need to reevaluate the review process again to
be sure we are asking the right questions that
ensure product quality.

W need to understand what is rel evant
sci ence.

W need to determne what is needed for
phar maceuti cal devel opnent data to assist in a
better understanding of manufacturing process.

We need to devel op a science-based risk
nmodel, and we need to integrate better into the
i nspection process including participating on
i nspecti ons.

This is a lot of work we have ahead of us,
and the reason | amsharing it is because | think a
| ot of these issues are going to cone up in the

future where we are going to need the comrittee's

file:/lll[Tiffanie/C/storage/0413PHAR.TXT (30 of 312) [4/27/2004 10:36:33 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

31
i nput on how to tackle sonme of these chall enges,
some of the things that we need to incorporate into
our review and our processes to nmake sure that we
are doing what is necessary to have the best
regul atory processes avail abl e.

Again, | feel that this is inportant that
you all have an understandi ng of where we are
going, and we will |ook forward to tal king about
many of these things in the future.

[Slide.]

Before | go into the agenda, | just wanted
to nention some of OPS' s new additions that we
have. W are really fortunate to be acquiring a
|l ot of new staff lately, and some of the people
think that are very inportant, that will be working
with us very closely, | wanted to tal k about today.

First, is Dr. Vince Lee. | think all of
you know Dr. Lee since he was once chair of this
conmittee. W are very happy to have Vince with
us, and we feel that there is a |lot of things that
he is going to be able to help us work on as we
nmove towards changi ng sonme of our regul atory
par adi gns.

Also, we will be adding Dr. Mansor Khan

from Texas to our staff. He is going to be our
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director of our Division for Product Quality
Research in our Ofice of Testing and Research, and

he will be joining us next nonth.

W are | ooking forward, too, to having Dr.

Khan. | think he is going to add a | ot and hel p us
a lot in some of the areas of research that we need
to be focused on in order to acconplish sone of the
things that we want to acconpli sh.

Al'so, | wanted to nention that Dr. Mheb
Nasr has becone the permanent director of the
Ofice of New Drug Chemistry. | think many of you
know Dr. Chiu has retired. Dr. Nasr so kindly cane
fromSt. Louis to take this job, and has been
wor ki ng very diligently on sone of the changes that
we are trying to nake.

Dr. Chi Wan Chen has joined himas the
deputy of the office.

Al'so, | wanted to announce that Dr. Keith
Webber, who is sitting over here, too, is the
Acting Director of the Ofice of Biotech Products.
We appreciate Dr. Wbber stepping in and taking on
this very challenging group that has recently
joined us in the Ofice of Pharmaceutical Science.

[Slide.]

Just to finalize my presentation, | just
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wanted to qui ckly go through the neeting topics.
think this is going to be an extrenely exciting
meeting. | think that the topics tonorrow are
especially stinmulating, topics that | think wll
add a lot to our future thinking in these areas.

Today, we are going to have subconmittee
reports. We are going to have a discussion of the
proposal on PTIT. That is parametric tol erance
interval test for dose content uniformty. W have
tal ked about this before. W have a proposal now
on how we want to finalize our thinking in this
ar ea.

Then, we want to tal k about PAT. W want
to give an update, tal k about sone of the things
that we have done, and also tal k about how PAT is
going to be inplenented in our O fice of Biotech
Products.

Tonmorrow, as | said, | think the topics
are very stinmulating, | think we will have sone
really good di scussion on bi oequival ence topi cs.

We want to tal k about highly variabl e drugs, about
bi ol Nequi val ence. This is very inportant.

We have a | ot of areas here of thought
that we need to bring forward and di scuss with the

committee, and we want to tal k about topica
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products.

Al so, tine allow ng tonorrow, we have an
awar eness topic, and this is nanotechnol ogy that we
want to introduce

Wth that, | amgoing to finish up and
hand it over to Dr. Kibbe, and | | ook forward to
hearing the discussion in the next two days.

Thank you.

DR KIBBE: Thank you, Helen

We are pretty close to being on tine, so
we will turn it over nowto the subconmittee
reports. The first one is fromdinica
Phar macol ogy. Jurgen is nmoving rapidly to the
podi um so here we go

Subcommittee Reports

DR. VENITZ: Good norning. | amhere to
report back froma neeting that the Cdinica
Phar macol ogy Subconmittee had | ast Novenber.

[Slide.]

Just in terns of review, this commttee is

serving to provide expertise in three different
areas to this parent committee: pharnmaconetrics or
exposur e-response nodel i ng, pediatrics, and

phar macogenetics. As you see, those were the three

topics that we discussed.
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[Slide.]

Qur first topic in the Novenber neeting
was a proposal by Dr. Lesko fromOCPB to institute
End of Phase 2a Meetings. Those are neetings that
are currently not reconmrended or that are currently
not required by the FDA

He, as well as Dr. Lee, presented the
FDA' s perspective, and then we had three FDA
staffers giving us case reports where those
meetings may be hel pful in finding optinmal doses
early on and identifying key issues.

[Slide.]

The committee appreciated that this was a
pilot programthat is intended to inprove dose
findings over a few years. There was sone
di scussion as to how we assess the success of a
pr ogr am

The conmittee noticed that there would be
addi tional FDA resources required to inplenent this
very program but on the positive end, that this
End of Phase 2 Meeting Program would all ow
integration of preclinical information both in the
PK and PD area and particularly to identify early
on the use of biomarkers in Phase 2 and Phase 3

studies that may help stream ine the dose finding
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process.

The conmittee also felt that a meeting
such as this would be very useful in identifying
key issues early on and di scuss them between the
sponsor and the FDA, as well as define what we cal
"utility" functions, which are basically nmeasures
of the potential consequences of either safety or
ef ficacy issues which are essential to come up with
an optimal dose.

There was, as | said before, some
di scussion as to how you woul d measure the success
of such a program and the commttee felt that
probably the overriding netrics to neasure the
success woul d be custoner satisfaction, the
custoner being both the sponsor, as well as the
FDA.

Possi bl e, but nore difficult to measure
out cone woul d be the need to have post-approva
dose changes. Again, if we can minimze that, that
woul d indicate that there is success in this
program

So, while the cormittee was in support of
this program and as far as | know, it is being
i npl ement ed as speak.

[Slide.]
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The second issue relating to
exposure-response was the issue about clinica
trial sinmulations specifically with the intent to
assess the liability of drug products to induce QT
changes whi ch are thought to be associated with
fatal cardiac arrhythmas, we had Dr. Lee give the
i ntroduction, Dr. Bonate fromthe outside review
nmodel i ng that he had done, clinical tria
simul ations, and then Dr. Kenna fromthe FDA review
ongoi ng project within the FDA

[Slide.]

There was a lively discussion on this very
topic. The committee | think still felt that the
QIc correction nethods, those are ways to correct
the QI interval for change in heart rate, that
those nethods are still questionable, we stil
don't have a gold standard on that.

We felt that despite the trial sinulations
presented to us, it still appears very difficult to
separate drug-i nduced changes from basel i ne changes
in those EKG intervals.

There was sone di scussion as to what
constitutes a neani ngful QIc change. Right now the
perception is that a 6-m|lisecond average QTc

change woul d be relevant. There is sone concern in
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the coomittee or there was sone concern stated in
the conmittee that that nmight be too conservative,
however, there was acknow edgnment that using
clinical trial sinulation to get to the issue as to
what the QIc liability is of a new product may
provide a nore rational risk/benefit assessnent.

One issue that was brought up that is
currently not being explored is the fact that sone
drugs, not only interact at the kinetic |evel, but
al so the dynanmic |level, which may lead to QIc
changes on the PD | evel

[Slide.]

The second major topic related to the
pedi atrics component of the conmttee, here, we
reviewed the pediatric decision trees. W had
several speakers. W had Dr. Hinderling and Dr.
Chen giving case reports. Those were drugs or drug
products that were reviewed for the pediatric use,
used what is a called a "pediatric decision tree,"
that allows PK or PK/PD studies to support efficacy
and safety.

We had Dr. Machado giving a statistica
overvi ew on what nethods night be useful to conpare
pedi atri c exposure-response to see whether there

are any age-rel ated differences.
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Then, our committee nmenber Dr. Kearns gave
hi s perspective on how those studies actually are
bei ng done in practice and what sonme of the
shortcom ngs are of the current pediatric decision
tree, and this was followed by Dr. Rodriguez giving
the FDA experience with the decision tree that has
been in place for a few years

[Slide.]

There was sone di scussi on about the age
appropri at eness of some of the endpoints that are
currently required to neasure the pharnmacol ogy of
drugs in children, whether the endpoints are
related to the nechani smof action of the drug
and/ or the pat hophysi ol ogy of the disease, are
t hose neani ngful endpoints and what do they tel
us.

There was sone di scussi on, because that is
part of the decision tree, as to what evidence
supports that the disease progression in children
is simlar to the one in adults, which would then
allowit to transfer information fromadults to
chi | dren.

There seened to be consensus that
nonclinical information, such as data fromprinmate

studies or in-vitro studies may be very useful in

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (39 of 312) [4/27/2004 10:36:33 AM]

39



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

supporting the pediatric decision tree.

However, there was extensive di scussion on
whet her there has to be extensive interaction and
di scussi on between both the clinical pharmacol ogy,
the OCPB, as well as the review ng divisions on the
pediatric decision tree and its use in a particular
drug product area.

There was sone di scussion al so on the
limtations of the exposure-response in terns of
sone of the PD differences that are very difficult
to be captured in the current paradi gm

I think there was overall an appreciation
that the pediatric decision tree is stil
wor k-i n-progress and additi onal updates may be
necessary to review or start discussing any changes
toit.

[Slide.]

The |l ast area that we discussed related to
t he pharnmacogenoni cs and the netabolic drug
interaction area, so we had two outside speakers,
Dr. Flockhart and Dr. Neuvonen tal k about two
relatively novel cytochrone p450 isoenzynes that
start to emerge as part of drug netabolizing
enzynes, and the issue was here what is the current

state-of-the-art, what can FDA use as basis of
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review for new i ncom ng NDAs.

[Slide.]

There was acceptance by the conmittee for
cytochronme P4502B6, that we do have both in-vitro,
as well as in-vivo, substrates, nodel substrates
that can be used for drug interactions.

W don't have, on the other hand, any
specific clinical inhibitors, and somewhat
questionable in-vitro inhibitors. On the other
hand, for cytochronme P4502C8, we do have both
in-vitro, as well as in-vivo, inhibitors, as well
as substrates, so we can characterize any
interaction potential for cytochronme P4502C8.

Di scussion by the coomittee foll owed that
went beyond the specific isoenzynes where the
conmittee enphasized that it is beconming nore and
more essential to | ook at popul ation-based clinica
studies to primarily assess, not the incidence of
drug interactions, but their clinical significance.

In other words, we have enough science to
support the likelihood of drug-drug interactions,
but we are not always sure about what the clinica
consequence woul d be or consequence woul d be.

Along the sane line, the committee nmade

the recomrendation to encourage sponsors to revi ew
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dat abases that exist, nedication-use databases, to
|l ook for this very issue, what are the clinica
consequences of drug-drug interactions especially
if you go beyond two interactions.

[Slide.]

The last topic that we discussed rel ated
to pharnmacogenomics. Again, this is an ongoing
di scussion that we had. 1In this case, we were
di scussing howto integrate that in the drug
devel opment and what kind of |abeling may be
necessary to reflect information collected during
t he devel opnent process.

We had conmittee nenber Dr. Flockhart and
Dr. Relling give their academc, as well as
clinical, perspective, and Dr. Hockett give the
i ndustry perspective.

[Slide.]

To summarize the committee di scussion, |
think there was acceptance of the fact that we need
addi ti onal popul ati on-based studi es meani ng
| arge-scal e studies to | ook at the preval ence for
sonme of the rare genetic pol ynorphisns, in other
words, for sone of those pol ynorphisnms that may be
i nportant, we do not know how many patients have

t hose specific genotypes.
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There was recognition that we do have or
at least start to energe having a | ot of
mechani stic and quantitative understanding that is
necessary for |abeling.

In other words, we collect a lot of
informati on and we know a | ot about how likely sone
of those pharnmacogenetic differences are and what
the kinetic or dynam c consequences are.

The di scussion then really focused on what
is the inpact as far as risk/benefit is concerned,
in other words, how do we translate changes in drug
| evel s or change in the pharnacol ogy of the drug,
how do we translate that into safety and efficacy
i nformati on.

There was, shall we say, a lively
di scussi on of how to | abel pharnmacogenetic
information in drug package insert, and | don't
think there was any consensus.

We had experts telling us we need to | abe
very extensively, on the other hand, clinicians
wer e concerned about overloading infornmation that
is not being used by the ultinmate consumer, and
there was recognition that pharmacogenetics or
phar macogenom cs is going to be different from sone

of the other clinical covariates in the sense that
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it has nultidinmensional nature, in other words,
there are lots of different pharnmacogenetic

pol ynor phi sns that may be relevant for a given drug
product .

I woul d be happy to entertain any
questions that you may have

DR KIBBE: GCkay. Jurgen will be with us,
so if you want to ask questions later, if topics
come up that we need to get back to himon, we can.

Thank you.

Now, | know you are funbling through your
things |l ooking for the slides for the next speaker,
but there aren't any, which gives us great hope
that it will be a short and direct presentation

Dr. Hussai n.

Paranetric Tol erance Interval Test for
Dose Content Uniformty

DR HUSSAIN. No, | do not have slides for
this part of ny introduction. The topic that wll
be di scussed as a proposal to you is that of
paranetric tol erance interval test.

As we have discussed this several tines
with you, in particular at the last nmeeting, in the
previous neeting that we had, the challenge is how

do you nove forward with adopting a nore rigorous
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45
scientific, statistically sound approach to dose
content uniformty of inhaled products.

We believe that paranetric tol erance
interval test that is being proposed by |PACGRS is
an i nprovement over the current nethod, and we
would like to sort of nmove forward in sort of
resol ving sone of those issues which have |ingered
on, and sort of adopting it as soon as possi bl e.

But the challenges are not trivial, and
tried to sort of sunmarize those chall enges to you
in the nenorandum al ong with the paper that we
wr ot e.

We felt that in order to nove this process
faster and nove it forward nore quickly, the
proposal to you is that we will forma working
group under this advisory committee.

This working group will report to you with
their findings and provide a way forward to
resolving the issues that have lingered on for
three years, and cone up with a very well
structured process to resolve in a tinely fashion

So, the proposal is a very straightforward
proposal that this working group will report to
you, and you will define the goals and objectives

for this group, and you will define also the

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (45 of 312) [4/27/2004 10:36:33 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

timeline for this group, and the proposal will be
presented by Bob O Neill, who is going to head for
FDA wor ki ng group nenbers.
Bob.
Movi ng Forward -- An Approach for Resol ution

DR O NEILL: Good norning.

[Slide.]
My nane is Bob O Neill, and as | indicated
earlier, | amthe Director of the Ofice of

Bi ostatistics, and Ajaz and Hel en have asked nme to
chair this group, which Ajaz has indicated is going
to be reporting to you all

This is the process for conming to
resol ution on what you know to be a di scussion that
has been going on at least for three years under
the specifications for delivered dose uniformty
for inhal ed and nasal drug products.

[Slide.]

I am going to be proposing how we are
goi ng to be going about doing this and asking for
your advice and concurrence, so we can nove forward
on this.

So, what we have thought about, and we
have net several times with the I PAC-RS group, and

this is the proposal. W wll have a joint working
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group under this particular conmittee, and it wll
be popul ated by senior representatives from FDA and
fromthe Oral and Inhal ed Nasal Drug Product
industry, and that is mainly the | PAC group that we
have been working with.

[Slide.]

The folks fromFDA, | will get into the
nanes in a noment, but essentially are representing
sort of the clinical risk side of the house, the
statistical side of the house, the generic drug
side of the house, and the Ofice of New Drug
Chemi stry side of the house, so all the mmjor
players in terms of how this particular solution
i mpacts the way we go about doi ng busi ness.

This particular proposal is essentially a
way forward, so that we have a defined process with
identified objectives, with identified ways of how
we are going to comunicate with each other, in
terns of the mechanism sone tinelines, sone
m | est ones, and how are we going to get some
resol ution on sone of the issues that m ght be sort
of sticky or still needing further discussion

So, the overall working group objective is
to agree on a nutually acceptable paranetric

tolerance interval test for delivered dose
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uniformty, and these are the folks, and if they
are in the room | would ask themto stand up.

On the lefthand side are the FDA fol ks.
It is nyself, Dr. Chowdhury, | believe Badrul is
here. He is the Pulnonary Division Director.
Moheb Nasr, | believe is out of the country, you
probably know him And Lawrence Yu, | don't know
if Lawmwence is here--there he is, and he is the
Director for Science in Ofice of Generic Drugs.

On the industry side, | think Mchael is
here, M chael Golden from @ axoSm thKline. Kristi
Giffiths, | don't know if she is here, fromEIi
Lilly. Bo Osson from AstraZeneca. Dar Rosario
from Aradigm Dennis Sandell from AstraZeneca
al so. W have net with these fol ks and we plan on
meeting in the future, and I will go through the
timeline.

[Slide.]

So, just to reiterate, the objective of
this working group is to develop a mutually
acceptabl e, standard DDU specification, both the
test and the acceptance criteria, for these
products with a proposal to come back to you fol ks
by the end of this year, by the end of 2004.

[Slide.]
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1 So, the process that we are going to

2 followis pretty much trying to get the

3 conmmuni cation and the coordination of this effort,
4 which is not going to be trivial, straight anong

5 al | of us.

6 We have identified that we will have a

7 proj ect manager that will help us as a working

8 group stick to agendas, mnutes, neeting materials.
9 We plan on having nonthly neetings at FDA begi nni ng
10 in Muy.

11 The first one is probably in a few weeks,
12 and in May, what we will plan to do is to review
13 the feedback that you all give us today in terns of
14  your bl essing and what ot her suggestions you night
15 have for how we would fine-tune this particular

16 process.

17 We are going to need to rely on working
18 groups within the industry and within the FDA to
19 further deal with the statistical issues here, the
20 clinical issues, the CMC issues, and whatever el se
21 is on the plate, so there is likely to be sone

22 technical projects that will be assigned to folks,
23 and the | eadership and the project nanagement of

24  those particular projects will be overseen by the

25 fol ks on the working group.
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[Slide.]

So, again, just to reiterate the tinmelines
and the nilestones, we expect to have a status
report back to you folks in the fall, in the
meeting in the fall, in October, and hopefully to
submit recomendations to you by the end of 2004
that you can act on and cone back to us on

[Slide.]

Here is where we think we are to date. W
have di scussed these issues at |length and here is
what we think we have reached consensus on

That the paranetric tol erance interva
approach is an inprovenent on the current test. It
is a concept that requires refinenent and further
devel opment to address the regul atory requirenents.
There are still things that need to be fine tuned.

We believe that there has been a | ot of
wor k, productive work, a |lot of understanding, but
it istime to nove forward and cone to closure
particularly on this particular test.

So the working group is fornmed to devote
the necessary tine and the resources to get this
thing done, and that is through review of
addi ti onal data anal yses, especially sone of the

appropriate statistical procedures.

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (50 of 312) [4/27/2004 10:36:33 AM]

50



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

[Slide.]

We al so recogni ze that there is sone stuff
hangi ng out there that needs consensus. You have
probably seen a presentation and heard about a
presentation with regard to the different operating
characteristic curves, the paranetric tol erance
interval test versus sort of the zero tol erance
test, and there is a gap that essentially is the
di fference between the producer and the consuner
risk, and it sort of differs in the mddle over
what you m ght assune to be the standard devi ation
of some of the measurenents

That is essentially where a |l ot of the
di scussi on has been. Mich of the discussion has
been around what the performance characteristics
are of the different tests under assumed scenari os.
Anot her way of saying assuned scenarios is the
sinmul ated data, so if this, then that.

So, if the data were to performthis way
or lay itself out this way, then, this is what the
operating characteristics of that particul ar test
procedure are.

So, we are actually also interested in
seeing what real data is, so there is a nunber of

issues with regard to actual data that is not in

file:/lll[Tiffanie/C/storage/0413PHAR.TXT (51 of 312) [4/27/2004 10:36:33 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

our hands, not in FDA' s hands, which would |ead us
to say, well, how many situations are there where
the standard deviations start to push out to 12,
13, 14, 15, because those are the areas where you
may be wanting to have a little nore information
because if you are not in the symetric situation,
your outliers are going to be where your problem
cases are.

So, there is sone nore work to be done in
this area, so tal king about that and narrying both
the zero tolerance interval concept with the
paranetric tolerance interval idea is essentially
where the statistical details of the test are

likely to be focused over the next few nonths.

Qoviously, this issue of the applicability

to non-normal distributions, asymretric bi nodal
di stributions, which essentially may be very nuch
characteristic of manufacturing processes of, you
know, |large and snall particles, and things |ike
this, which is not an unusual statistical scenario
when you have m xtures of populations, so that is
fromthe statistical perspective

[Slide.]

The next steps are to ask you folks to

endorse this idea or to suggest sone refinenents to
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it. We will cone back to you with a status report
as to where we are in Cctober, and the working
group is planning to submit recomendations to you
all by the end of this cal endar year

Wth that, | think | amdone. | would be
willing to take any questions, and | think anybody
on the working group would also be willing to chine
in.

Comm ttee Di scussion and Reconmendati ons

DR KIBBE: W have tinme now for
questions, it's on our schedule, so ask questions.

DR SI NGPURWALLA: Well, just out of
curiosity, what is the DDU test?

DR. O NEILL: Delivered dose uniformty
test. It is essentially a nmeasurenent of, it's
content uniformty, how nmuch of the dose is
delivered in, let's say, a spray or these nasally
i nhal ed products, so it's a matter of if this was a
pill, you would be crunching it up, you would be
| ooking at what its content is, you would have a
measure of that, and the test is essentially that
you agree what the goal posts are for an acceptabl e
anount of variability for the active ingredient,
and if it's in that zone, it's acceptable; if it's

not in that zone, it is not acceptable, so it's a
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vari ant.

That is the whol e concept behind the
delivered dose uniformty, that the product has to
have sonme consistent uniformcharacteristics to it.

DR, SI NGPURWALLA:  So, how would it differ
fromthe paranetric tol erance interval?

DR. O NElILL: Well, first of all, it
differs in a nunber of ways. | don't want to go
through the test, that there has been a
presentation on this, and there is a |lot of
background stuff on this.

The key difference between the zero
tolerance is it's a zero/1l kind of thing, it's
either in or out, and it doesn't take the standard
deviation into account.

The paranetric tol erance interval approach
i s probably, assum ng that you have sonething cl ose
to normality, and it is essentially basing the test
both on the estimate of the nmean and the estimate
of the standard deviation, and then dependi ng upon
the conbinati on of both of those guys, it is
essentially a zone of equival ence, but the
di stinction between the two tests is one sort of a
zero/1, you are either all in or all out, but it

doesn't estimate the standard devi ation
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The work that has been done on the
paranetric tol erance interval approach
statistically is intended to be a nore powerful,
nmore precise, take nore of the information into
account .

DR, SI NGPURWALLA: So, woul d you say that
the DDU test is not a statistical test, it has no
statistical basis?

DR. O NEILL: No, | would not say that at
all. In fact, both of them have statistical bases.
In fact, the zero tolerance test is essentially the
USP test that is used for all content uniformty,
it is a variation on that.

Take 10, see whether they are in the
limts or out of the limts, if not, take another
20. If they are inthe limts or out of the
limts, and you are done, up or down. That is what
the test has been for years.

What this is, is essentially to say,
well, I amnot using all the information, | am not
finding out actually what the variability of the
process is, so | want to get sone handl e on what
the standard devi ation of the process is, so | want
to estimate that also, and | also want to estimate

what the nmean is.
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So, if you were to back up and sort of
|l ook at this within the mai nstream of process
control, you sort of want to | ook at where you are
in the standard deviation world, where you are in
the mean target close to what the center of the
distribution is.

So, both of these are statistical in the
sense that they have probabilities of consuner risk
and regulatory risk, but it is that part of it that
is the statistical aspect of it.

DR. SI NGPURWALLA: So, if | were to
under stand what you are saying, the DDU test seens
like a binary test, it's a sequential binary
process.

DR O NEILL: Well, what we are tal king
about, we are tal king about the paranetric
tolerance interval test versus what is--1 don't
know what its best name is--but it would be |ike
the zero tolerance interval test. That test is
bi nary. The other one is--

DR SI NGPURWALLA: Is not binary.

DR. ONEILL: --is not binary. It takes
more of the information into account. That is the
conceptual idea

DR. KAROL: Could you tell nme how nuch
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real data you have and what is the source of the
real data?

DR O NelLL: Well, we have, our folKks,
know that there are fol ks maybe in the audi ence who
have | ooked at data that we have fromthe industry,
but it is not necessarily the data that is all the
dat a.

I nmean what we have is data that is
submitted to us in applications and in annua
reports, and often that is data that has already
been screened in the sense that it either passes or
doesn't pass, so in sone sense, we are seeing data
that is less variable than the data that these
tests are intended to apply to uniformy.

| believe that is where our confort |eve
isinterms of trying to understand how rmuch
variability is in the data, and | think it's a
conceptual thing getting back to the way Hel en
tal ked about.

For years, for years, | think the process
was let's set the goal posts and then see whet her we
can manufacture it to fit the goal posts as opposed
to the other way around, sort of saying what is the
process capability and then fix the goal posts for

the process capability.
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Under continued process inprovenent, the
idea is to be closer to the target nean and to be
closer and tighten down your variability. 1t may
be if you can't do any better, that's what you are
left wth.

So, our situation is understanding that,
and what we are seeing nowis | believe, if | am
not speaking for our chemists, our folks are seeing
relatively tight standard deviations in the 5, 6, 7
area, and the idea that there could be sone
standard devi ations that are hanging out in the 12,
13, 14 area is how cone. W are not necessarily
seeing all of that.

So, we want to see a little nore data
along those lines. So, that is sort of
conceptually where the gap is in terns of trying to
move transitionally fromthe current test into a
test that we believe has a lot nore nerit for
several reasons

One, it captures better a handle on the
variability of the data, and, secondly, you should
be rewarded for taking nore sanples than | ess
samples. So, this test needs to reward you for
havi ng better estinmates of what your variability is

rather than less. That is another conceptual part
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of this.

DR. MEYER | might be m staken because
don't nornally read the USP, but it seens fromny
recol l ection there are sone tablet products that
have a specification for variability, as well,
war farin being an exanple, where you do 10, then
you do 20, but you also | ook at standard devi ation
or coefficient of variation as sone marker for
approval or not.

I's that correct?

DR. O NEILL: A az.

DR HUSSAIN. Right, I think, Marv, you
are right, in the sense the traditional approach,
in the pharmacopei al approach, which are nmarket
standards, and they were never intended to be
rel ease standards, and that is the purpose they
serve, are to maintain the market standard.

In the case of tablets and solid dosage
forns, you have a non-paranetric approach to that,
and, say, you have your goal posts 85 to 115 for 10
tablets, and if one is outside that, you go to 75
to 125 with 20 additional ones.

For those, you have an estimate of
standard deviation. | think it's 6.6 person at the

second stage, so Yyou have to neet that.
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The test we have for dose content
uniformty or delivered dose uniformty for
i nhal ati on products right now, the FDA gui dance
doesn't have a value of standard deviations. It
simply says take, if it's 85 to 115, if one is
outside that, take 20 nore, and they all have to be
within 75 to 125.

So, the term"zero tol erance" actually is
not really a nmeaningful term and | think we
di scussed that at the previous comrmittee, but if
you really look at it, Jurgen had one set of
comments at the end of that neeting, and our
statisticians there had a very different set of
comrents on that, so we were very divided on that,
because zero tolerance is for that sanple, and that
is, in ny opinion, a big hindrance to continuous
i mprovenent because it forces industry to do only
30 tests.

If they do nore, they are at risk, so that
is not conducive to PAT, that is not conducive to
the 21st century process that we want to nove
forward, so this actually is a nodel or the
framework for what we would like to do for al
speci fication, because clearly, the conpendi a,

there is no novenent.
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I don't see much novenent in the conpendi a
to change that, so we will have to nmove forward and
change that, because if the conpendia don't change
that, they are going to be hindrance to PAT and
everything el se that foll ows.

DR BOEHLERT: Just as a followup to
that, | believe under I CH, the conpendia are
| ooki ng at harnoni zi ng general chapters, and one of
the ones they are looking at is content uniformty
and should there be a tie-in sonewhere with that
group and what they are | ooking at and what they
are doing, so you don't go two separate ways in two
separate directions.

DR. HUSSAIN: | agree, but conpendia are
still a market standard, they are not a rel ease
standard, so froma regul atory perspective, that
has al ways been the case.

DR BOEHLERT: That has al ways been the
case.

DR. KIBBE: Tom

DR LAYLOFF: | was going to say also
there is a nmarket standard in the way--you end up
in a contradiction if you test the whole lot, it
will always fail, because of the standard

deviation, so you can't really do that.
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But in the regulatory |aboratory, what we
used to do is if we found one out of limts, then,
we would submt it for check analysis, and if it
passed check analysis, then, it was okay. So, you
sort of got around that contradiction in the limt
setting.

DR. KIBBE: Anybody el se?

Is there anyone on the comittee who
thinks that noving forward is not necessarily the
way to go? |Is there sonething that we need to
di scuss, because they are essentially asking us to
say, well, yeah, we need to nove forward and let's
get the results by the end of the year?

DR SI NGPURWALLA: Do we have to do this
ri ght now?

DR KIBBE: W are not going to decide on
which tests to do right now W are just
supporting the concept of having the working group
nmove forward and give us a report.

DR. SI NGPURWALLA: But one of the things
they wanted i s reconmendati ons

DR. O NEILL: No, | don't think so. W
are just asking you to endorse the idea of noving
forward and having this group, and we will cone

back to you with a report. If vyou don't like it,
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you can say go do nore

DR SI NGPURWALLA: | amsorry, you said
suggest refinenents in your talk, | nmade a note of
it, so do you want the refinenments now or |ater on?

DR O NEILL: No, we don't.

DR, SI NGPURWALLA: So, you don't want
refinements.

DR. O NEILL: No, it's very high |evel
not detail oriented feedback that we would |ike
fromyou right now.

DR SI NGCPURWALLA: Because | would like to
suggest refinenents, but not at this mnute.

DR. O NEILL: | amsure we would be very
interested in your refinenents, and, in fact,
woul d certainly be interested in speaking with you
outside of the neeting in ternms of getting sone
additional ideas on this particular test, because
again, this is a working group that is under the
unbrella of this conmittee and essentially is
com ng back to the committee on behalf of the
conmittee saying what do you think, because the
conmittee is the one who is going to give the
recomrendati ons to the Agency.

So, if you don't like the recommendations,

then, it is totally within the commttee's
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responsibilities and rights to say, you know, that
is not what we had in mnd, or that's not what we
think is right.

DR KIBBE: Let ne get at sone of this a
little bit. We have, | think, a tentative schedul e
to neet in Cctober, and for you, the working group,
to have your best shot prepared for us to | ook at
and give you feedback on, right?

DR O NEILL: Yes, and it's not that we
haven't thought this isn't anbitious either, but
that's what we are trying to work on

DR KIBBE: |Is it reasonable for a menber
of this conmittee to forward suggestions to you in
the interimand then have you incorporate themin
the working group? |If you have sone things that
you would like to think through and then--

DR. SI NGPURWALLA: Honestly, | was
intrigued by the corment nade that we invite
suggested refinenments, and for nme to suggest
refinements, | need to have a better appreciation
for exactly what is going on.

DR O NEILL: | hear what you are saying.
I guess maybe that was neant in ternms of
refinements to the process. Part of this is the

process, and part of this is the content that the
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wor ki ng group will be dealing with, and the working
group already has essentially a proposal that they
have been reacting to from|PAC-RS that has been in
the works for a nunmber of years, and it is that
that is trying to be refined, those ideas are
trying to be refined in the context of how do we
understand what is currently sort of the operating
characteristic curve of the current way we do
things versus a new proposed way of doing things,
and are they achieving where we want to be as a
conmittee.

| think that is the sense of the
refinements.

DR SI NGPURWALLA: So, if the endorsenent
that you seek is for the process, and not for the
i nner wor ki ngs of the process, | have no comments,
go ahead, but if it is for the workings, then, I
woul d like to think about it.

DR KIBBE: | believe we are | ooking for
movi ng ahead on the process right now

DR. O NEILL: That is what we are seeking
fromyou, yes

DR. KIBBE: \What | hear ny col |l eague
saying is that he would |like to have sone input on

the actual workings of the conmittee, with the
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t hought process of the committee, and that if we
could find some way to do that, to accommopdate t hat
situation within the budget constraints of the FDA
it would be useful

It always is good for a subconmittee or a
wor ki ng group of ours to have sonebody fromhere to
carry water for us. You night get yourself into
more work than you thought you were going to get
i nto.

Anybody el se? Jurgen

DR. VENITZ: | amobviously in favor of
moving forward, but | would |ike to give maybe
sonewhat of an unwanted reconmendati on, not
necessarily a refinenent.

That is, when | |look at the objectives of
the working group, they are basically, primarily
| ooking at the statistical properties of the test.

I am recomendi ng the group for having
information on it, and | woul d encourage the
committee to al so, the subgroup, | guess, the
wor ki ng group, to also look at the clinica
significance, in other words, in ny nmind, we talked
about that last time, the clinical use is part of
what risk-based nmanufacturing is all about.

So, for exanple, it nmay be very different
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whet her you are comparing inhaled insulin rel ease
to inhaled topical steroids, and I would like for
that to be discussed as part of the working group

DR. O NEILL: | hear you. Maybe | went
through this a little too fast. |If you | ook at the
constitution of the working group, Dr. Chowdhury is
our clinical input on that, so that has been
recogni zed, and that is why he is on the working
group, to essentially put, as an overlay, the
clinical risk structure on this, recognizing very
much it mght be product-specific, so that is his
role.

Lawence Yu's role is also |ooking at this
from let's say, the generic drug inplication, so
think the working group has been put together
primarily to be relatively broad-ni nded

The statistical conmponent of this is only
one of multiple dinensions to this, but it is
critical to understanding where we are in terns of
the only thing that is not noving right now, which
is the test that is on the table.

DR KIBBE: Pat, go ahead.

DR. DeLUCA: Since this conmttee is going
to be reporting back to this group, | amjust

wonderi ng why a nenber of this group wasn't put on
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that conmittee, and it sounds |ike Nozer could have
some real input intoit, as well as being a link to
this commttee. There may be sonme reason why you
didn't do that, but | would certainly consider

t hat .

M5. WNKLE: It certainly is an option
The way that this group is set up is basically a
fact-finding group for the advisory comrittee, to
give themthe facts and the information that they
will need to help nmake a reconmendation on this
test and how we want to nove forward with it, but |
think that it would be very hel pful to have sone
i nput from Nozer.

I think that he has some know edge and
sonme understanding and there is nothing that
prohibits us fromdoing that, but we tried to set
it up as an independent fact-finding group for the
advi sory committee

DR, SI NGPURWALLA: By the way, | just want
to clarify that | didn't raise the question to
thrust nyself into this arena. | was honestly
aski ng a question, and since the matter has been
rai sed by ny coll eague on the clinician, | would
like to suggest that a Bayesian be on this

particul ar group.
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DR. ONEILL: W will certainly be
listening to you. |If you want to get into that
di scussi on, we could, but one of the critica
di scussi ons we have been having right nowis
assunptions versus data, and Bayesi ans are heavy on
the assunptions, but you have to have the data to
support the assunptions, the gane we are in, in the
regul atory game we are in, and that is why we are
trying to sort of get sone sense of what does the
waterfront actually look like, because it is very
important to the behavior of the characteristics of
this test.

DR KIBBE: It is always fun to have
statisticians discussing statistics.

Do we have any ot her questions?

Seeing no one's hand or little button lit
up, | want to thank you very much. W are | ooking
forward to a very informative and useful report in
Cct ober.

My schedul e says that we are supposed to
be talking until 10:15, and we could either take a
break now or if Ajaz pronmises to get finished in
time for a break, we could nove forward. What is
everyone's pleasure? Naturally, the Bayesian wants

to break.
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[ Laught er.]

DR. KIBBE: | will give you all 15 m nutes
and then we will have Dr. Hussai n.
[ Break. ]

DR. KIBBE: Wy don't you go ahead and
start, A az.

Process Anal ytical Technol ogy (PAT) - Next Steps

DR. HUSSAI N:  Thank you.

[Slide.]

What | would like to do today is to give
you a brief progress report on the PAT initiative
and have three speakers.

[Slide.]

I will present a brief history to recap
how we got here, current status and next steps.
There are three topics that we want to share with
you, finalizing PAT gui dance, training and
certification. Chris Watts will make that
present ati on.

VWhat we are doing with respect to
st andards devel opnent. Ali Afnan will tal k about
t hat .

A topic that we have discussed twice with
you, but we thought we would sort of bring sone

closure to that, what we have done with rapid
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nm crobi al methods and how that has been a part of
PAT. Bryan Riley will talk to you about that.

What we are hoping is, we have not really
posed any questions, this is nore of a progress
report, status report, and we are mpoving forward,
but if there is anything that you think we need to
consi der, please share this with us

The questions you m ght want to consider -
are we on track? Are there any recommendations for
i nprovi ng how we have approached PAT and how we
m ght want to approach PAT in the future?

[Slide.]

The aspect that | often share is | think
the PAT thought process has been in the Agency for
along tine, and, in particular, a focal point for
the di scussion occurred in Cctober of 1993. | was
not at FDA at that time, but Tom Layl of f and ot hers
in St. Louis had organi zed a Synposi um on
Phar maceutical Process Control and Quality
Assurance by Non-traditional Means.

The information | have about that is a |ot
of the focus becane on near IR and a lot of the
focus tended to be on endproduct testing although
the title was process control, and the discussion

that led to sort of a very negative view of near IR
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and sone of this technol ogy cane from FDA saying
this cannot be USP nethods, therefore, cannot be
regul atory nmethods, which is probably nore blunt,
Tomw ||l correct me if | am w ong.

So, | think that was really an unfortunate
aspect because from an FDA perspective, a |ot of
progress did not occur because of that.

Tom and | spent a lot of tine together
t hi nki ng about this, and we saw this as an
opportunity. It was nore of a discussion between
an anal ytical chenist and an industrial pharmacy
type, so we were putting our heads together and we
made a presentation in the year 2000, the
M | I enni um Conference in San Francisco. | wll
just share sone slides on that with you

Anot her neeting which was very inportant
in the evolution of this process was the new
technol ogy neeting of Royal Pharnmaceutical Society
entitled Process Measurenent and Control. |
actually net Ali Afnan and many ot her peopl e who
were then associated with the PAT at that neeting.

[Slide.]

The aspect | think which was inportant is
this was a presentation that Tomand | did together

at FIP meeting. Tom had |eft FDA and was part of
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the USP at that tine. The title was Advanced
Quality Control of Pharmaceuticals: In-line Process
Control s.

If you | ook at the outline, what we tal ked
about then was pharnmaceutical product devel opnent
and manufacture: Building Quality In, and sort of
desi gn and specifications, how you approach that.

W | ooked at nodern in-line controls,
potential advantages over traditional controls, a
better approach for "building quality in," and
tal ked about the need for accel erating industry and
regul atory acceptance of nodern in-line controls.
That was the thought process before we coined the
term"PAT," and so forth.

[Slide.]

In many sense, if you | ook at the cartoon
there, that was the art of pharmacy manufacturing
to the science of pharmaceutical manufacturing is
how did we do granul ati on endpoint. W reach in
the bow, grab a handful of granules, and | ook how
they crunble, and then decided the granul ation
endpoi nt was reached, so we wanted to nove fromthe
art to nmore of a science-based approach.

Qur part of the PAT | ooked sonething like

this, so if you |l ook at that other cartoon there,

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (73 of 312) [4/27/2004 10:36:33 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

1 that is howwe saw it in 2000, this is what PAT

2 m ght be.

3 [Slide.]

4 I think one of the critical neetings that
5 | attended was a far nore technical conclave in

6 North Carolina. | happened to walk into that

7 meeting and G K Raju fromMT was tal ki ng about

8 it, and that was a chance neeting that really

9 provi ded us sonme of the critical information

10 because | think without that, Tomand | could not
11 have nade any points in 2001

12 What the CAMP consortium the MT

13 consortium hel ped us was to really put a value to
14 this thought process, and based on that, we made a
15 presentation to the advisory committee, Vince Lee
16 was the chair then, is to initiate public

17 di scussi on on application of process anal ytica

18 chemi stry tools in pharnmaceutical manufacturing.
19 You gave us strong support to nove

20 forward. You recomended that we forma PAT

21 Subconmmittee. W also, at that same neeting,

22 rel ated di scussion on Rapid M crobial Testing,

23 however, we did not discuss this further at the

24 advi sory commttee, we had these discussions at the

25 subcommittee, and that is the reason | brought
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Bryan Riley to come back and share with you that
di scussi on agai n.

[Slide.]

But at the sanme tine, | think Helen and
Dr. Wodcock, we were discussing this, we felt this
was nmuch bigger than just an OPS issue, it had to
be an FDA issue, so we took this to the FDA Science
Board, and Dr. Wodcock presented that as emerging
sci ence issues in pharnaceutical manufacturing.

We actually invited--1 amnot going to go
through all the slides, but just to sort of
illustrate the key presentations that occurred--one
was the opportunity for inproving the efficiency
fromG K. Raju and then Doug Bean from
Pri ceWat er houseCooper, and we had industry
col l eagues from Pfizer who really canme and hel ped
us, saying that Pfizer has adopted a "Don't Use"
and "Don't Tell" approach

That is the industry approach is to not to
use new science and new technol ogy because of
regul atory uncertainty, or if it is needed, they
will use it, but then they will do sonething for
the regulators to say here, this is what you want,
but we will control the process this way.

So, we felt that was undesirable froma

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (75 of 312) [4/27/2004 10:36:33 AM]

75



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

public health perspective, and we wanted to nove
forward to facilitate introduction of PAT, and we
coined the term PAT. So, we got a very strong and
unani nous endorsenent fromthe FDA Sci ence Board to
move forward. In fact, the Science Board al so said
that they would like to talk and give sem nars on
it, but they have not, but we did give them

updat es.

[Slide.]

Taki ng the recomendati ons of the advisory
committee, this conmmttee's recomendati on. we
i ssued a Federal Register Notice to invite people
to participate on a PAT Subconmittee.

So, we got people to apply. W selected
those individuals and we forned a PAT Subcommitt ee.
We brought it back to this advisory committee to
see whether the charter for the subcommittee is
accept abl e.

You gave us val uabl e recommendations. W
fornmed the subconmittee, and we had three neetings
- Cctober, June, and February. Tom Layl off served
as the acting chair for the subconmittee

[Slide.]

The subcommittee noved so rapidly we did

not have an opportunity to renpove the word "Acting
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1 fromthese nanes, so while they were acting, the

2 wor k was done, so we never finalized their

3 posi ti ons.

4 Dr. Kibbe, now the current chair of this
5 committee, took the responsibility for PAT

6 Applications Benefits Wrking Goup. Judy

7 Boehlert, who is the chair for Manufacturing

8 Comm ttee, took the | ead for Product and Process

9 Devel opnent Wor ki ng G oup.

10 Leon Lachman focused on Validation

11 Dr. Koch, who is now on the advisory

12 committee, chaired the Working Group on PAT

13 Chenonetri cs.

14 So, these working groups provided us

15 i nformati on, feedback to sort of help create a

16 framework to wite this guidance.

17 [Slide.]

18 We also, in parallel, were discussing this
19 further at the FDA Science Board, and the key
20 aspect was the PAT initiative was just a starting
21 point to what was to follow, the 21st Century
22 Initiative, and so forth.
23 So, we took this discussion further to the
24  Science Board, and the second Sci ence Board

25 di scussi on was very inportant. There was a topic
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that Dr. Wyodcock herself discussed, and that was
actually sonething simlar to what we had the

di scussion on paranetric tolerance interval test,
because the current regulatory systemand the
current pharmacopei al systemis such that actually
does not pronobte continuous inprovenent, it
actual |y penalizes people for doing nore testing,
and therefore it had to change.

So, we had to bring the concept of
research and nmoving away fromthe current nmentality
of 75 to 125 type thinking, the market standard
type thinking, so we had to build that consensus,
and we got strong endorsenent fromthe FDA Sci ence
Board to nove forward al so on that aspect.

The other presentation, which is very
inportant to renenber, is that of Dr. Ray Sherzer
from d axoSm t hKl i ne speaki ng on behal f of CAWP,
and the thing that he pointed out, that there are
many barriers, we need a paradigmshift, and that
paradi gm shift is necessary because the barriers
are cultural, organizational, historical

The chal | enges are not technical, the
techni cal knowhow exi sts. The scientists can do
this, but the barriers are significant cultura

barriers and organi zational barriers, and we could
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relate to that, because we had the sane barriers
i n-house at FDA.

[Slide.]

As we were building the PAT team process,
and you will see a lot of the thought processes
that Hel en expressed in terns of the desired goa
that OPS wants to nove in, this becones a nodel or
the pilot project for a lot of the things we have
done.

So, we had to build a PAT team for
reviewers and inspectors and conpliance officers,
because this was the engine for success. W had to
think very carefully about this because we have a
long history of turf issues. W don't talk to the
field, the field doesn't talk to us type of
mentality, or this is ny issue, field keep away
type of thing.

[Slide.]

So, we actually started a team buil di ng
exercise, so starting with a definition of team a
teamis a group of interdependent individuals with
conpl enentary skills who are organi zed and
committed to achi eving a comon purpose, applying a
common process, and sharing a comobn desti ny.

Now, | think we clearly have worked on No.
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1 and 2, we haven't really worked on No. 3 yet, but
the inportance of this is the quality of the
results we expect fromthe regul atory assessnent,
review, or inspection really depend on the quality
of relationship between the revi ewer and

i nspectors, and the quality of the relationship
defines quality of thinking, and the quality of

thi nki ng defines quality of action that |eads back
to the quality of results we expect.

So, this is really a conplex issue and
that has to be dealt with very carefully.

[Slide.]

We started the PAT process with three
organi zations: our colleagues in Ofice of
Regul atory Affairs, which are the GW inspectors,
Center for Drugs, and Center for Veterinary
Medi ci ne.

The Center for Biologics chose not to be
part of this, and we will discuss that further this
aft ernoon whether they wish to join us or not.

So, we forned a PAT Steering Conmittee,
again reflecting all the different organizations.
We fornmed a PAT Review and | nspection Team and we
actually recruited a small group, Raj Uppoor, Chris

Watts, Huiquan Wi, and Ali Afnan to come and join
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OPS, so we had a very successful recruitnent
process. W actually got Ali to take half the
salary to conme to work for FDA, and he did.

We actually put a PAT Training and
Coordi nati on Team and the training was critical
One of the critical aspects of the PAT Subconmittee
was devel oping a curriculumfor training, and then
we partnered with three schools: a School of
Phar macy, a School of Engi neering, and a School of
Chemistry to bring this process together, all three
Nati onal Science Foundation Centers for Excellence,
Center for Process Analytical Chenistry,

Measur ement Control Engi neering Center at
Tennessee, and Center for Pharnaceutical Processes
at Purdue

So, we brought the groups together and the
training occurred, but I do want to share with you
the chal | enges are cul tural

[Slide.]

If you look at the first picture, if you
can see, a perfect team right, so we wanted to
work together, so we did want to talk to each
other, it is inportant, and that is the nessage
really want to hone in, because the challenges

right now we are facing, especially in conpanies,
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is this challenge

We have been able to overcone that in a
small way within the PAT team but this has to
occur broadly, as Helen pointed out, throughout the
Agency.

[Slide.]

So, | think the challenges are great, and
we have to build teanms by dancing together, and we
did dance together--that is Joe Famul are and Doug
El | sworth dancing, you will never seen them dance
anywhere el se--and working as a teamon small er
projects and building a team You can see Chris
Watts sniling.

[Slide.]

That led to a team process that paralleled
the efforts that we put together to develop a
gui dance. The guidance is different, it is a very
different guidance, it is not a "how to" guidance,
it is a guidance devel oped as a framework, and the
gui dance sinply outlines a franework that reflects
anal ytical chem stry, industrial pharnmacy,
phar maceuti cal engineering principles, but in an
i ntegrated way.

What it does is it changes quite a bit of

t hi ngs each discipline nmight think about. The way
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I like to say that is if you change the way you

| ook at a thing, the thing you are | ooking at
changes, so when Tom and | were discussing, we are
di scussing as an anal ytical chenist and a

i ndustrial pharmacy type.

When we brought engineers in, we got
engi neering aspect, so now PAT is somewhat
different than any of the three views of that.

DR SI NGPURWALLA: It is called the
Hei senberg pri nciple.

DR HUSSAIN. Yes. So, this is a draft
gui dance which we are finalizing, and Chris wll
talk to you about that, but | do want to sort of
share some ot her thoughts.

[Slide.]

We had very successful workshops. The
Arden House conferences this year and | ast year
were very successful, but they were very envotional,
especially the one | ast year was very enotional

The enotions came out first as R&D versus
Manuf act uring, because they didn't want to talk to
each other, and then it cone out between
phar maci sts and engi neers, so the engi neers cane up
to ne saying these pharmaci st types don't know what

they are doing, but it was necessary because it
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forced soul -searching, it forced the thought
processes that was needed, and many conpani es are
goi ng through that right now.

So, the enotions gave into a | ot of
rational discussion at Arden House this year, |FPAC
meeting, | SPE neeting, PDA neetings. Now we have
several proposals, in fact, | expect by the end of
this sutmmer or the end of this year, you will see
two conplete PAT lines, two different conpanies,
fromcrystallization to endproduct, conplete
aut omat ed manufacturing, so that is how fast two
conpani es have noved, and one we have approved, and
Bryan will talk to you about that.

The first training session is conplete,
certification process is ongoing. W have an
ongoi ng i nteragency agreenent wi th National Science
Foundation. W would like to explore ways of
expanding this, and one opportunity that has been
created is a newinitiative called Critical Path,
and we will share that with you next time.

The Critical Path Initiative focuses on
the need for research in three areas: to inprove
drug devel opnent itself. One of those is
i ndustrialization, that is where PAT fits in, and

we want to use that as a neans to sort of highlight
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the need for public funding for research,
especially academic research in this area, and hope
to do so in the next several nonths and years

We had an ongoi ng CRADA with Pfizer on
chem cal imaging. Things are |ooking good there,
and we hope to bring some of the results back to
you for some sharing of that with you

We have ongoi ng comuni cati on and
cooperation with other regul atory agencies. Now,
our European col |l eagues have forned a PAT team very
much Iike ours. They are actually going to neet
the end of this nonth, and they have invited us to
parti ci pate.

Heal th Canada has net with us and they are
very eager to sort of join our training session
next year, the next training session that we start.

MHLW the Japanese are |looking at it very
intently and things are happening on the
harmoni zation front with our trying to harnonize

[Slide.]

Now, standards devel opnent, it was very
i nportant that we have a venue to devel op standards
that bring in the multifaceted structure, engineers
have to talk to pharmacists, have to talk to

anal ytical chem sts.
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The way we thought that will happen is
through ASTM because ASTM has a | ot of knowhow
al ready, so we forned a comm ttee call ed E55,

Phar maceuti cal Applications of PAT. A Afnan wll
talk to you about that.

There is growing external collaboration
and energi ng support structure. |SPE and PDA are
interested in PAT and are actually devel opi ng
progranms to cover a |lot of the training needs for
the next several years, we have PAT Group in the
AAPS, di scussion group

We are | ooking at possible collaboration
bet ween AAPS and | SPE to bring the material science
and the engineers together to really focus on
processing, strong support from | FPAC and the
formati on of an association for manufacturers.
think they are struggling with sonme identity
crisis. They call it |IFPACm, so | suggested they
should call it |FPATna.

I think this association will be hel pfu
because it will house all the nanufacturers of the
sensors, the software, and so forth, and give them
a voice, a comon voice to nove forward

When you have an associ ati on especially

with a nonprofit association, we can partner with
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them nore easily. AlICHE has an extensive

di scussion, and we are building on the vision 20/20
of AICHE especially in processing to see how t hat
can be | everaged.

A growi ng nunber of academnic programns that
focus on PAT. Several PAT conpanies and training
opportuniti es have enmerged. Pharnacopeias are
interested in PAT. Hopefully, they resolve the
acceptance criteria first.

PAT is now a part of the 21st Century
Initiative and FDA's Strategic Plan, so | think
that small crystal is starting to crystallize the
system

[Slide.]

The next step is guidance finalization.
We are noving towards a quality systemfor the PAT
process. FDA will participate in the ASTM

This afternoon, we wll discuss
application of PAT to the Ofice of Biotechnol ogy
Products. | want to sort of make sure | say this
in a way that enphasizes the structure

Expand the scope of the guidance to
include O fice of Biotechnol ogy Products. Since
they were not part of the training and

certification program the guidance is not
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applicable to them

The gui dance is a framework guidance. It
applies to any manufacturing, whether it's biotech,
whet her it's autonobile, whether it's anything, the
concepts apply to any manufacturing, so it wll
apply to Ofice of Biotechnol ogy Products.

The reason that office is not within the
scope is they were not trained and certified on
this aspect. So, the question to you would be how
woul d we develop a training programthat will neet
their needs, and as we go to the second training
program that will have a nore biotech focus and
then that becomes part of the PAT process.

I will stop ny presentation and invite
Chris to continue. | think in the next two to
three years, we want a sunset PAT. What | nean by
"sunset PAT," is that becomes a regular part of our
CMC and GWP program so it will nerge with the rest
of the system

Is two to three years the right tine? |
think we will see, but the intention is that this
is no longer a unique program it is part of the
current system

Wth that, | will stop. |If you have any

questions, | will be glad to answer, or we could
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answer after Chris and others have tal ked.
Fi nal i zi ng PAT Cui dance
Training and Certification

DR WATTS: Thank you, Ajaz, and thank the
committee for giving me just a few mi nutes of your
time to go over what we have done in terns of
training and certification and noving toward
finalizing the draft guidance that we put out back
i n Septenber of 03.

[Slide.]

I just want to take a step back really
qui ckly and just summarize sone of the discussions
that took place at this comittee and the PAT
Subcommittee in ternms of defining what PAT is, and
that will really give sone background on the intent
of the training programand what the focus was for
the training program

The definition that cane fromthis and
subsequently nmade its way into the gui dance was PAT
is a systemfor designing, analyzing, and
control ling manufacturing through tinmely
measurenents of critical quality and perfornmance
attributes of raw and in-process materials and
processes.

So, it is not just focused on any one
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anal ytical technique, it is not focused on
endproduct only, it is the entire manufacturing
process.

When you think about PAT, process
anal ytical technology, that term "anal ytical" nore
shoul d be thought of as anal ytical thinking, not
just sinply analytical chemstry, so we nmade a
poi nt of enphasi zing that analytical, when you
think about that term you should include not only
chemical, but al so physical, mcrobiological,
mat hemati cal, and risk analysis, all those
conducted in an integrated manner to cone up with a
framework for controlling the manufacturing
process.

[Slide.]

So, with that definition, the unnistakable
focus of PAT is to really understand the
manuf acturi ng process. Wat we outlined was a
process is considered well understood when, nunber
one, all critical sources of variability are
identified and expl ai ned; nunber two, the
variability is managed by the process, and,
finally, product quality attributes can be
accurately and reliably predicted.

So, with that focus on process
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understanding, it brings in the concept of really
ri sk managenment, so we consider that the |evel of
process understanding is inversely proportional to
the risk of producing a poor quality product.

So, a well understood process then offers
| ess restrictive regul atory approaches to nanage
change to different approaches to validation

So, if you focus on process understanding,
we can facilitate risk-managed regul atory deci sions
and i nnovation, not only within the Agency, but
wi thin the manufacturing arena and the
pharmaceutical industry in general

[Slide.]

So, having that background, | want to now
tal k about this framework that we devel oped for PAT
that canme out in the guidance, and it was a
framework, as | just nentioned, for innovative
pharmaceuti cal nmanufacturing and quality assurance.

We really set forth some scientific
princi pl es, some basic principles and concepts, and
descri bed sonme PAT tools that woul d support
i nnovati on.

In my opinion, one of the nobst imnportant
aspects was the regulatory strategy that woul d

acconmodat e i nnovation, and that the primary focus
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there was on the PAT team approach agai n which A az
menti oned briefly, the team approach to revi ew and
i nspecti on.

Al ong those lines, we devel oped a joint
training and certification program so | want to
talk to you now about that training and
certification program

[Slide.]

You have already seen a few slide from
Ajaz on the team building aspect, really getting to
know one another very well, and again that included
people fromthe Center for Drugs, both reviewers
and conpliance officers, the field investigators
fromthe Ofice of Regulatory Affairs, and, of
course, the conpliance officers and reviewers from
the Center of Veterinary Medicine.

During this training program it was
inmportant that all 15 individuals who were part of
that initial training program we went through
everyt hing together, every didactic session we went
as a team every practicumwe went as a team

The team buil di ng obvi ously, everyone was
i nvol ved there, so there it would really break down
the conmmuni cation barriers, which is really going

to be key to ensuring that science-based,
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ri sk-based or risk-managed approach to revi ew and
i nspecti on.

A brief outline of the training program
that we had. Two didactic sessions, both of those
were conducted here at the FDA, and three practica,
again, at the University of Washington, the Center
for Process Analytical Chem stry; Purdue
Uni versity, Center for Pharmaceutical Process
Research, and the University of Tennessee, the
Measur ement and Control Engi neering Center

[Slide.]

In summary, the first didactic that we had
was really just to provide a general overview of
some of the pharmaceutical processes, the
scientific basis for sone of those processes, why
they may be necessary, to really give the teama
feel for what sone of those unit operations
specifically may be trying to do to the materia
and what are sonme approaches for trying to contro
that process.

O course, there was sone extensive
di scussi on on sone of that process analytica
techni ques, multivariate analysis, an in-depth
di scussi on on the background of where sone of the

mul tivariate anal ysis techni ques cane from

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (93 of 312) [4/27/2004 10:36:33 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

princi pal conponent analysis, partial e-squares,
how t hose can be used in terns of developing a
control systemfor the manufacturing processes, and
then finally, a general introduction to true
process control from a process control engineer.
After that, we went to the University of
Washi ngton in Seattle, The Center for Process
Anal ytical Chenistry, and the focus there was
really on sensor technol ogy and devel opnment. |
think CPAC did a wonderful job of tying that in,
gi ving sone other industrial exanples, and tying
that into how sone of these sensors may be applied
to the pharmaceutical industry.
[Slide.]
To maintain continuity with the practicum
visits, we took some of those, the sensor
technol ogy, sone of the sensors that were being
utilized at CPAC, and put themin the use onto sone
phar maceuti cal processes at Purdue University.
There, we really focused on sone of the
experinments that we conducted were bl ending, for
exanpl e, conpression, granulation, traditiona
sol i ds processes, how sone techni ques were emerging
that may be able to allow us to control those

processes on line, really understand the inpact of
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t hose processes on the final product quality and
how they relate, not just to consider them
i ndependently, but how they relate to the fina
product quality as a whol e.

After having done our experinments at the
second practicum at Purdue, we then took sone data
on the granul ati on process. Then, when we went to
t he Measurenent and Control Engi neering Center at
the University of Tennessee, we actually anal yzed
t hat dat a.

Paul Kenperlein, who is part of MCEC,
really wal ked us through, you know, what are sone
of the techniques that you naybe use, what are sone
limtations of these multivariate techniques that
you may be want to be keeping in mnd when you are
goi ng through the review of these applications.

[Slide.]

Finally, the last didactic, we tried to
tie everything together again. W broke up into
teans, devel oped sone case studies, so that we
could really apply what we had | earned throughout
the training program and discussed those as teans,
a true team approach, a reviewer, conpliance
officer and investigator, and really began to

di scuss what sone of the relevant issues were in
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terns of mmnagi ng the revi ew and inspection
processes.

That really ended the initial training
portion, but by no neans did we think it is
complete. | think continuing education is going to
be vital to the success of this team which A az
mentioned is really going to drive the success of
PAT within the Agency.

Al ong those lines, we have nonthly video
conferences with the people that are here in
Rockville and the investigators that are in the
field, and we try to discuss sone of the rel evant
i ssues that are conming out, for exanple, sone
recent publications or sone inspections, review
i ssues that may have surfaced, and discussed those
as a team not individually as reviewers or not
i nspection issues individually as inspectors, but
as a team

We al so have devel oped a seninar series to
di scuss some publications that may be relevant to
what we are trying to do within the PAT initiative,
and, of course, we are using the Intranet to
communi cate sone of these publications and di scuss
those on line, really, an easy way of conmmunicating

with the entire team
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[Slide.]

In summary, we have, in terms of the
training and certification, we have conpleted the
initial training program W are now in the
process of conducting some | essons learned in terns
of what we have acconplished with this, naybe sone
addi tional aspects that need to be considered, and
some of those will be discussed with this commttee
this afternoon in terns of expanding the scope of
PAT to include biotech products.

Agai n, continuing education and
i nvol venent in the next training, | think is going
to be critical for this group, so that we naintain
links, not only with the teamthat we currently
have, but the teamthat we intend to build.

W can take sonme of the experience of
those reviewers and investigators who have
processed and will be processing sonme applications
and who have gone on inspections and really share
those with the new group that is comng in and the
group that we currently have, so that we can
under st and nmaybe what is the best approach for us
to goin terms of taking a teamto do an
i nspecti on.

Maybe we don't need to have all three
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peopl e, maybe one or two shoul d be sufficient, and
we can do discussions over the tel ephone or
vi deoi ng to handl e sone issue.

O course, we have involved the entire
teamin finalizing the guidance. In ny opinion, I
think it was very inportant to get a real feel for
how the reviewers felt about the gui dance, how the
compliance officers and how the investigators felt
about the policy that was energing in the guidance,
really how that framework was going to be
i mpl ement ed because they are going to be the ones
who are really driving things.

They are going to be the ones who are
enforcing the policy, not really enforcing the
policy, but nmaking sure that the process works as
it should, so that it is a |east burdensone

approach to the industry.

Wthin the Ofice of Testing and Research

you heard Helen mention Dr. Khan is coming on
board, | think it is going to be inmportant to
maintain a link to the Ofice of Testing and
Research, so that we can support policy devel opnent
and future training if we devel op some in-house
expertise and what are sone critical issues that we

may want to be able to focus on in terns of review
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and inspection and sone of the technol ogi es that
may be devel oped, if we can devel op sone of that
expertise in-house, we can not only bring sone of
the training in-house, but al so have some consults,
we have expertise within the Agency that we can
consult on a given basis.

[Slide.]

So, building on a little bit of the
gui dance finalization, we involved the entire team
in the devel opment of the guidance, and, of course,
they are going to be involved in finalizing the
gui dance

The gui dance was issued in Septenber of
03, and the public coment period extended through
Novenber 4th, and those comments are avail able on
the docket. You can see all, | think there were
some two dozen conpani es or individuals that
submitted comments to the gui dance, and we are in
the process of going through those and di scussing
those and addressi ng each one of those.

W have included the entire team and we
have broken the teams down into reviewers again,
compliance officers, and investigators, and have
t hose address each of those and see which coments

they may think are nost rel evant and convey t hat
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back to the policy team so that we can nove
forward in finalizing the guidance

Wth that, | amgoing to conclude this
portion right here. Again, | think we may have
time for sone questions afterwards, and | want to
turn it over to ny colleague, Ali Afnan, who wll
di scuss the standards devel opnment process for PAT

St andar ds Devel opnent

DR. AFNAN: Thank you very nuch for giving
me the opportunity to be here.

[Slide.]

I amgoing to be very quick. The outline
of the talk is why we went with ASTM what is ASTM
what is the history of the conmttee, where are we
going with it, and I will give you sone background
al so as to how, what Chris has just said, |inks
into this process.

[Slide.]

Havi ng focused on the processing, going
away from product testing, which Chris very
beautifully put out as PAT bei ng process
under st andi ng, we had to conme up with new standards
and new ways of assessing whether a process was
right or wong.

If the process was working well, then, the
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product would be right, so for that reason, we
began to l ook at alternatives to the current
specifications we were working with because

ef fectively, we needed standards, not

speci fications.

We needed a process which included all the
interested parties and allowed themto cone in for
a bal anced di scussion, definition of balanced
di scussi on being that we woul d each have one vote,
it would have a due process, and, of course, there
was the NTTAA Act, the National Technol ogy Transfer
Act, which nandates federal departnents and
agenci es to use voluntary consensus standards in
pl ace of governnent standards wherever possible.

So, having | ooked at all of those, we
decided to | ook at ASTM which had already been in
dialog with our other departments in the agency.

[Slide.]

So, ASTM which now they call thensel ves
ASTM I nternational, is an ANSI-accredited standards
devel opnment organi zation with nore than 100 years
of experience in standard devel oprent.

They actually generate standards, best
practices, and guides, three different things, but

they are all done through a peer review process.
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Their offices are in Wst Conshohocken, and they
meet regularly. There is a comittee which goes
around to various places. This year it is in Salt
Lake City, and next year it is sonewhere in Europe.

[Slide.]

The history of devel oping the commttee
was that through the winter and spring of 2003, FDA
met with ASTM re: devel opnent of a new conmittee
for Process Anal ytical Technol ogy.

In October of 2003, there was a neeting at
ASTM and then in Decenber, the first
organi zational neeting was held at which interested
parties from academ a and i ndustry were present.

In January, the nom nation and el ection of
conmmittee officers took place. Again, if you are
interested in the procedures and the processes of
el ections or how ASTM functions, the best place to
| ook at is ASTMorg, World Wde Wb.

In February of this year, we had the first
meeting of ASTM E55 Committee, and the next one is
in Salt Lake City, 18th through 20th of May.

[Slide.]

VWhat is the scope of E55? E55 pretty nuch
reflects the FDA PAT draft gui dance, but the scope

of the conmittee is that the scope of the committee
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shal | be devel opnent of standardi zed nomencl ature
and definitions of terns, reconmended practices,
gui des, test nmethods, specifications, and
performance standards for pharnmaceuti cal
application of process analytical technol ogy.

The commttee will encourage research in
this field and sponsor synposia, workshops and

publications to facilitate the devel opnent of such

standards. The committee will pronote liaison with

ot her ASTM committees and ot her organi zations with
mut ual interests.

What was quite interesting was it took
about an afternoon to cone up with that, and,
really, we thank the industry for taking a very
active role in conmng up with that scope.

[Slide.]

Currently, E55 has three subconmttees.
One is E55.01, which is PAT Systens Managenent;
E55. 02, which is Systens |nplenentation and
Practice. The Executive Subconmittee is 90, and
then there is a third one, which is E55.91
Ter mi nol ogy.

[Slide.]

The Chair and the elected officers, which

was by ballot effectively, of E55, the Chairman is
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Don Marlowe fromthe Ofice of the Conmi ssioner.
The Vice Chair is Ray Scherzer from GSK. The
Menbership Secretary is Janes Drennen from Duquesne
University, and the Recording Secretary is Gawayne
Mahboubi an- Jones from Optinmal | ndustri al

Automation, Ltd., a systemintegration conpany.

[Slide.]

The Subcommittee officers. E55.01's chair
is Ken Leiper, Vice Chair is Gerry, the Secretary
is Chris Watts. E55.02 Chair is Ferdi nando Aspesi
from Aventis. The Vice Chair, from AstraZeneca, is
Bob Chisholm | amthe Secretary.

E55.91, which is the Term nol ogy
Subcommittee, has Larry Hecker, Abbott, as Chair,
and Jim Fox, of GSK, as its Secretary.

There are al so 8 nenbers at | arge, who
serve on the E55 Main Executive Commttee, and they
are appointed fromindustry and academ a.

Thank you.

Rapi d M crobi al Met hods

DR RILEY: Wat | would like to do this
nmorning is give you a brief update on the status of
rapi d mcrobiol ogy methods as part of the PAT
initiative.

[Slide.]
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As you may know, rapid m crobiol ogy
met hods were not originally part of the PAT
initiative. W were sort of |ooking at rapid mcro
methods in a parallel track with the devel opnent of
the PAT initiative, but finally, someone recognized
it would make sense to have rapid mcro nethods as
part of PAT, so at the October 2002 PAT
Subcommittee meeting, there was an extensive
breakout session dealing with rapid m crobiol ogica
net hods.

A number of speakers discussed the
i mportance of rapid m crobiol ogy nethods, how they
could fit into PAT and also the best way to | ook at
rapi d m crobiol ogi cal nmethods for the
phar maceutical industry.

[Slide.]

Fromthat point on, we worked to try to
integrate rapid mcrobiological nmethods into the
PAT initiative because PAT had sort of a headstart
on us. So, the first thing we did was | ooking at a
training session for rapid mcro. To do that, in
July of 2003, here in Rockville, we had a training
sessi on.

We invited people from CDER, ORA, CBER

and CVWMto attend. As an agenda, we had an
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overvi ew of rapid m crobiol ogi cal nethod
technol ogi es, a very extensive overview. W had
two rapid mcro nethod vendors cone in and talk
about their products and how they can be used.

We al so had a conpany cone in and talk
about their experiences of validating a rapid
m cr obi ol ogi cal nethod for pharmaceutical use.

[Slide.]

Since the team approach is very inportant
for PAT, one of the things we had to do was to form
a rapid mcro nethod teamfor PAT. That team
consi sts of Bob Col eman, expert drug investigator
from ORA; Dennis Guilfoyle, a pharnmaceutica
m crobi ol ogi st fromthe North East Regi ona
Laboratory at FDA, Brenda Uratani, a m crobiol ogist
fromthe Ofice of Conpliance, CDER, and nyself.

[Slide.]

As we were doing the training and setting
up the team we were also in contact with a large
gl obal pharmaceutical nmanufacturer who was
interested in using a rapid mcrobiol ogy nethod for
their pharmaceutical nmanufacturing process.

We had a nunber of neetings with themto
di scuss their use of these rapid mcro nethods, how

they would validate them how they would submit the
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informati on to the Agency, that sort of thing, and
these neetings culmnated with a forma

presubm ssion neeting with the applicant in 2003,
where they di scussed what they would subnit and how
they would subnmit it.

Because what they wanted to do was to use
some different rapid mcro nethods for rel ease
testing of a variety of non-sterile drug products,
they wanted to use these at multiple nanufacturing
sites, it was decided that a conparability protoco
woul d probably be the best way for themto submt
this information to begin with.

A conparability protocol is sinply a
witten formal experinental protocol where, in this
case, what they are denobnstrating is that their
rapid nmethod is equivalent to or superior to the
traditional method they have been using, and it
tal ks al so about the experinments they will do and
al so the acceptance criteria that they would want
to use to denonstrate that equival ence

So, what they did after this neeting was
they submtted two conparability protocols, one for
product release testing for several non-sterile
drug products, and also testing for pharnmaceutica

grade waters.
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After the approval of the conparability
protocol for product release testing, they then
submitted a changes being affected suppl enent to
i npl ement that rapid nmicro nmethod for one of their
non-sterile drug products.

[Slide.]

It was decided as part of this application
process that an inspection would be done related to
the rapid micro nethod i nplenentation, and because
of that, the rapid mcro nethod team had severa
meetings, one in Septenber of 2003, where we mainly
di scussed the conparability protocols that were
submitted by the conpany, and then finally, in
early February of 2004, we tal ked about the actua
i nspection itself, what we would do, how we woul d
do it, that sort of thing.

The inspection took place in |ate February
of 2004. It was |led by again Bob Col eman fromthe
Ofice of Regulatory Affairs, and Bob's experience
and his leadership in this process was very, very
hel pful to us especially on the inspection process.
It made it go very snoothly.

We | ooked at the rapid mcro nethod
itself, howit was validated. W |ooked at just

the general nmicrobiological |aboratory aspect of
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t he pharnmaceutical manufacturing facility, and al so
| ooked at some of the GWPs related to the

manuf acturi ng of the product that they would be
using the rapid micro nethod test for

The inspection found no significant
probl ems. There was no 43 issue as a result of
that inspection, and we thought everything went
wel |l both fromour standpoint, as well as the
firm s standpoint.

[Slide.]

VWhat is the future of rapid mcrobiol ogy
met hods in the pharmaceutical industry? | think
the ultimate goal, the ideal would be real-tine
testing to provide i medi ate feedback. | think
that would be very, very hel pful

Were are we today? The traditiona
m cro methods require several days to several weeks
to get results. The current available rapid mcro
met hods that are avail able today, and can be used
today, significantly shorten that time to result.

It can be as little as a day or maybe a
little bit nore than a day, and sonme of the rapid
met hods can give you results in as little as a
coupl e of hours.

We think even though it is not real-time
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110
testing, it still provides nmuch better control,
much better understandi ng of the manufacturing
process froma m crobiol ogi cal standpoi nt and
hopeful ly, can hel p detect and enable you to
correct a potential problembefore it beconmes a
real and serious problemas far as m crobiol ogica
quality of the drug product is concerned.

We are hoping that our experiences that we
have had so far with our rapid mcro nethod
submi ssion and i nspection and approval process wl|l
encourage others in industry to also use this PAT
regul atory pathway to |l ook at other rapid mcro
met hods and use themto inprove their manufacturing
process and under st andi ng.

I thank you for your attention this
nmorni ng and | guess we will take questions of any
presentations of this session.

Comm ttee Di scussions and Recommendati ons

DR MEYER  One question for Ajaz and
guess one for Chris.

As the U S. devel ops this PAT concept and
begins to apply it, it seens like it is better to
har noni ze as things are being devel oped than after
they are set in stone.

Is there an effort with the Japanese, the
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Eur opeans, the Canadi ans to harnoni ze on the front
end?

DR HUSSAIN. Yes, in terms of | think
there is quite a significant dialog and di scussion,
and | think the framework provides a way forward
because as a franmework, it does not get in howto,
and harnoni zi ng howto guidance is a difficult
chall enge, so this is the time to do this.

That is the reason we felt ASTM al so
provides a way forward because the devices, the
Center for Devices, for exanple, utilize the ASTM
standards, and these are international standards,
so many of the nmenbers on the ASTM committees are
i nternational menbers right now, Europe and U. S.
right now, and we are encouragi ng people from Japan
to join in.

So, that would be a way forward, so you
are absolutely correct. | nean we are trying to do
that as you nove al ong, and the progress has been
significant on that. That is what | tried to say
is we are harnoni zing without trying to harnonize.

DR. MEYER M question to Chris, if |
under stood you correctly, there is about a
15-menber team a variety of disciplines, that were

sent through this fairly intensive training
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progr anf

DR. WATTS: Correct, yes.

DR MEYER WII| that be all there is, or
how is this going to grow to be 150 people or will
it?

DR WATTS: Well, as Ajaz nentioned, |
think within a few years, two to three years, he
envisions it being a regular part of the operation
within the CMC revi ew and GW i nspection when it
conmes to this team approach to PAT.

We have every intention of expanding the
training programto include nore nenbers within
CDER, the Ofice of Pharmaceutical Science, Ofice
of New Drug Chem stry, Ofice of Conpliance, but I
think the inmedi ate need nay be to expand the scope
to include the Ofice of Biotechnol ogy Products,
which will be included in the discussion this
af t er noon.

Based on a lot of the comments that we got
fromthe guidance that we issued in Septenber,
there were a significant nunber of comments
suggesting that we do expand the scope to include
OBP, and as far as an inmedi ate need, | think that
may be nore urgent in terns of expanding the team

concept .
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DR. COONEY: Another question on the
education side, actually, two questions. Could you
comment a bit on what do you see as the inportant
metrics that you use in neasuring the success of
the educational program and then could you al so
el aborate a bit on what do you see as the mmjor
chal l enges in continuing to evolve and devel op the
educati onal progranf?

DR WATTS: Actually, | think one of the
nmost i nmportant aspects was just the team approach
The technical aspects will be actually rather
sinple to address when it comes to terns of getting
sonme expertise either within academ ¢ environnent
or within industry that have given technica
expertise that can convey that to the team

G ven the team approach, rather than
expecting one nenber to have all the answers, then,
as a team we think we can have nost of the right
questions, we can ask nobst of the right questions,
just not having one person have all the right

answers.

As Ali has said on nany occasions, the sum

of the teamis much nore than the individua
conponents, so it is much nore than just what each

menber brings to it.
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A real netric, again, | think the team
approach, that was one of the npbst imnportant
aspects, can they comrunicate as a team can they
really work as a team for exanple, with the rapid
m cro inspection process.

That is relatively a novel concept when it
cones to the regulatory environment. Typically,
the reviewers are responsible for review only,

i nspectors are responsi ble for inspection only.
There is little, if any, conmmunication between the
t wo.

What we are really treating it as is a
two-way street, not just reviewers participating on
i nspection, but what are sonme of the key aspects of
the manufacturing process that an inspector may be
famliar with that they can convey to other nenbers
of the team

Really, | think the comunication with the
teamis one of the nobst inportant aspects, the
techni cal aspects or the scientific aspects, which
will be alittle sinpler to address, | think, with
trai ni ng.

DR. COONEY: Just one nore point. 1In the
training exercises, do you present problens of

i nnovation or scenarios where you woul d not expect
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previously people to be able to have had all the
answers and then ask themto try and synthesize a
strategy or an approach?

DR. WATTS: Actually, sone of the case
studi es that we devel oped are along those lines
exactly. During the second didactic, it wasn't
just this is what one person did. This is the
probl em how woul d you as a team thi nk about
solving that problem not just regulating it, the
probl em of solving it in general

DR. KOCH: | think the question of
devel oping netrics will become increasing inportant
just in observing the first class that went
through, the team buil ding i ndeed was there. As
you go to 150, it is going to be nore difficult to
dance, there is going to be nore variation.

The first group was exceptional. |If every
one of the 150 projected fits that description,
it's a wonderful program | think | have to add,
too, the team buil ding exercise that you went
through before the training, that was | think
replaced by a team building that occurred, say, if
I look at the practicumand the didactic, it was
qui te obvious that the team nmenbers were very

conscious to nmake sure that everybody on the team
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under stood the technology to a working | evel, and
it wasn't as if two or three cane away with
understanding it and didn't bring the others up

It was very obvious that by the end of the
program they were quite excited to nove ahead, and
that is where the problem| think in the future is
going to cone, is that as you grow t he nunber in
the team you have to develop nmore metrics to
eval uate how well it is going.

A small number is relatively easy,
think, to build the teammrk especially as it is
getting off the ground.

DR KARCL: Bryan, | would like to ask you
alittle bit about the microbial methods. That is
very exciting that you are noving to real-tine
det ecti on.

Can you tell us alittle bit about the
processes that will be involved, what you are
thinking of, and are there particul ar organi sns
that will be difficult to detect? You know, where
are you having your problens in noving in this
direction?

DR. RILEY: Well, right now | think the
met hods that we are looking at are fairly sinple

and straightforward. W are not going to do
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anything too exotic to begin with. A lot of the
met hods, even the rapid nmethods are still growth
based, they have an enrichnment step, and then an
alternate detection nethod to detect fairly snall
nunbers of m croorgani sns.

But | think as we get into sone of the
nmore exotic methods that don't rely on any growth
at all, you know, cytonetry, that type of thing,
think the issue is going to be again how do you
measure, you know, nake sure you detect everything,
and | ook at how are we going to validate that, how
are we going to make sure that that is possible.

DR KARCL: | wondered if you were noving
into DNA technol ogy or any of the nol ecul ar bi ol ogy
t echni ques now.

DR RILEY: It is for sone of the
identification. What | have tal ked about mainly
has been the enuneration or
qualitative/quantitative type tests, but certainly
for identification, yes, a lot of people are
| ooki ng at that using nucleic acid nethods,
sequenci ng, PCR, that sort of thing, for detection
or identification of organisnms, and that | think is
becom ng much nore common, and it is sonething that

I think we are encouraging, as well.
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DR. KIBBE: Anybody el se?

DR. HUSSAIN: Wy don't we finish with the
conmittee questions before the audi ence?

DR KIBBE: If we could hold off for a
second and see if there is anybody el se on the
comittee.

DR. COONEY: | have a question on the
rapid mcrobial. Do you also have an interagency
cooperation with Honeland Security, in this area,
as well? There seens to be a synergy.

DR. RILEY: W don't really have a direct
formal connection at this point although one of the
team menbers has been involved in that, so | am
hopi ng that we can work sonething fromthat to get
nore invol venent in our aspect of it. But you are
right, it does go together, a lot of those types of
rapid methods that they would be interested in are
things that we could apply, as well.

DR KIBBE: Anybody el se on the conmittee?

[ No response. ]

DR KIBBE: |If you could cone to the
m crophone and identify yourself, and then let us
know what your question is.

DR. CHERNEY: Hi, | am Barry Cherney of

t he FDA.
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My question was essentially the sane one
as was just asked by the conmttee nenbers, | know
the CDC and ot her federal agencies, DARPA, are very
interested in the rapid microbial techniques and
have nade actually a | ot of advancenent in that,
and | was al so wondering what we have done to get
i nvolved in those type of efforts as an overal
approach for the Federal Governnent.

DR RILEY; | agree. | think we are
starting to do that. Certainly, within FDA we are
| ooking at some of the different centers to see
what they are doing, but you are right, other
gover nnent agenci es have done a | ot of work al ong
these lines, and we need to have nore of a coherent
approach or at |east cooperation and information
sharing between the different agencies and
different groups that are doing that, and | think
that will be very hel pful for everybody.

DR KIBBE: Ajaz, you had sonething to
say. You leaned forward |ike you were poised.

DR HUSSAIN: | think what woul d be usefu
is if you could share sonme thoughts in terms of how
do you think we have progressed so far, especially
Tom and Judy, and fol ks who were on the

subconmm ttee, what we coul d have done better or
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what we should we be | ooking out for in the future,
that woul d be very hel pful

Al so, as part of this, | think there are
external |everages that really have to cone
together here, not only in the international arena,
but also in terns of academa, in terns of public
funding for some of the research that is needed
especially in pharmaceutical manufacturing, and so
forth, how do you recomrend we nove forward in many
of these areas.

DR. KOCH: | guess | would make one
suggestion, and that is not to | ose the nonentum
that started with the training of the first group
and | know that the second group hasn't necessarily
been put together yet, and there is obviously good
reasons for that, but don't |ose that nmomentum
because it is a grow ng area

DR KIBBE: W have two observers from
i ndustry, what does industry think?

MR MGIACCIO | guess | would just
comment on the training, that | think one of the
frustrations that FDA has is the nunber of
applications and supplenments that are comng in
fromindustry.

The good news is, | think Chris had a
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slide that said PAT equal s process understanding,
and we are 100 percent behind that. What we are
doing now is using, in the franework that the
gui dance has provided, we are using PAT for process
under st andi ng, and we are putting all our resources
into that, identifying sources of variability and
dealing with them not necessarily noving to
primary control of our processes.

So, | think there is sone frustration that
they are not seeing as many suppl enents. Right now
you probably have enough people trained to dea
with what you are getting. | think once our
resources can nove from process understandi ng and
process capability into primary control, then, you
will start seeing nore supplenents comng in and
nmore new drug applications comng in.

DR. KIBBE: Anybody el se? Comment?

DR BOEHLERT: | was going to nake a very
simlar conmrent. You know, there was a | ot of
initial interest. A nunber of |arge conpanies very
interested in the techniques involved with PAT
maki ng presentations. | amwondering if that is
starting to wane, you know, if the FDA has seen a
steady influx of conpanies asking for infornmation

or didit start off high and then it is sort of
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drifting off.

The ot her issue on the m crobiol ogy, |
think there is probably considerable interest on
the part of conpanies in that techni que, but there
is some constraints around it right now, and those
are conpendia tests that are different, and | think
there needs to be some interaction with the
phar macopei a on sone of these topics because there
are di fferent endpoints.

Even though you can denonstrate
equi val ency, the conpendia test right now doesn't
cover the rapid mcro technique.

DR KIBBE: Do you have a response?

MR MGIACCIO Yes. On the is the
i nterest waning, absolutely not. 1In fact, the good
news is if you have seen the transcripts of any of
the recent industry neetings and presentations over
the |l ast year or so, we have gone fromtalking
about concepts to tal king about applications, and
there are many nore applications out there right
now of PAT where people are either solving
20-year-ol d problens or |ooking at a new way to
make a new product.

So, it is noving forward. The interest is

i ncreasing exponentially right now It is a matter
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of once soneone introduces in the public an
application, others are grabbing onto those
applications and bringing themhome, so | think it
is increasing significantly.

A az.

DR HUSSAIN. | totally agree with that,
and | think what we have seen is | think the
requests we get for presentations have skyrocket ed,
so we cannot handle nost of it, so we are actually
refusing--not refusing--we are trying to be very
sel ective in where we speak.

I think others have taken up the charge
and that is wonderful, and that is the reason why
we feel that | think we don't have to keep speaking
all the tinme, and we have other chanpi ons that have
been created, and the chanpions are conming from

i ndustry, acadenia, and everywhere.

The nunber of questions being asked of FDA

is increasing, and the nunber of proposals that
people are comng forward with is increasing. So,
right now, for exanple, we do not have nmany, we
have seven or eight proposals right now, which wll
translate into some very focused conparability
protocol s and ot her aspects, so at |east seven or

ei ght by the end of this year
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DR KIBBE: Tom

DR LAYLOFF: First of all, | think that
the nunber of people trained is probably nore than
appropriate for the amount of nmaterial coming in.

I think the industry is under an
i mperative to nove to just-in-tinme manufacturing
because of the nodel that Wal-Mart has put out, of
essentially maintaining zero inventory at their
| evel, which nmeans that the inventory control has
to shift back to the producer, which neans that
they have to be able to bring things nore to
just-in-tinme, and PAT is going to be able to handle
that or nake it better anyhow, reduce the dwell
time, which is going to be critical for maintaining
good supply and keeping inventory costs down.

I think the initiative has gone very well
so far. It has to hatch on its own case, on its
own tine, otherwi se, the nonentumw Il fall apart.
So, | think as the industry noves, and you nove
withit, it will devel op and expand.

DR KIBBE: |Introduce yourself.

DR RITCHE Gary Ritchie. | amwth the
USP and currently the liaison with the process
anal ytical technol ogy project teamthat was forned.

There were sonme questions or issues raised
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directed to the conpendia barriers, | suppose, and
what | just wanted to do with the comittee was
just to let them know that the project teamis
addressi ng sone of those issues, one with respect
to rapid mcro methods, a second one with respect
to | think the content uniformty issue, and,
third, | guess in general, other techniques that
may be perceived currently as general chapters or
proposed that may be barriers, and that there is a
work group that will be |ooking at those areas, and
doi ng what we can do to see if we can inprove or
renmove those barriers.

I just wanted to nmake that conment and | et
the conmittee know that it is being actively | ooked
at .

DR. KIBBE: Thank you

Tom did you have sonething el se?

DR LAYLOFF: This is a conment nore on
conpendi a i ssues. The conpendi a or market
standards, the part of the |aw, and occasionally,
you run into unusual circunstances because of
i ncorporation of standards and | aws, and probably
the nmost exciting ones | have ever attended was the
protein equivalent to nitrogen and the anal ysis of

grain for protein equivalents is a kilodalton
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determination is done and the nitrogen is
det er mi ned.

There is a nunber called a PETN, the
protein equivalent to nitrogen, the little
multiplier. Well, it turns out the nultiplier was
wong, and it was a decision to change the nunber,
and the nunber was off by 2 to 3 percent, sonething
l'ike that.

It was one of the npbst heated neetings
have ever attended because everybody said if you
change that nunber by 2 or 3 percent, you change
the value of mllions of tons of grain in ships and
bar ges and war ehouses everywhere.

So, legal standards, even though they may
not be correct, cannot be changed in a very
caval i er fashi on because they involve a | ot of
work, a lot of inpact, and the same is true for the
USP, there are many nethods that are obsol ete, but
if you change themimedi ately, all the firns that
have worked away from usi ng those and vali dated
against them are nowin a box of having to
revalidate all their processes agai nst the new
st andar ds.

DR DeLUCA: Before making nmy comment, |

woul d just coment | wonder what was the basis for
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that value in the first place, did it have peer
revi ew.

Wth that little conment, you know, what
we are tal king about here, nanufacturing process,
for along tine, we have tried to bring science
into the manufacturing area, and this is certainly
an opportunity to do that. | nean this requires
sci ence.

I think science requires scholarly work
and publications, and it seens that what | have
heard today, an awful |ot of work has gone into the
PAT, but | amnot so sure that we have seen
publications conming out of this work, and | think
this has got to get into the literature

So, | think we need to encourage that.
Along those lines, we are. W recognized this
guess a little over a year ago that we wanted to
have an actual thene issue devoted to this in Pharm
Sci. Tech, and Ajaz is the editor along with Tom
Hal e of that theme issue.

VWhat we are trying to get publications,
peopl e who are actually doing research in this
area, and it seems with all the presentations that
have gone on, sone of the conferences and whatnot,

that we could solicit fromthese people, and there
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is people around this table here who probably coul d
be contributors to this, certainly, we would |ike
to encourage the industry to submt their work in
this area.

So, | think this is essential to have
this, to get this kind of research and science into
the literature, the rapid m crobiol ogy nethods,
these woul d be great publications.

I think the inportant thing about it, that
you woul d have some peer review of these, so you
woul dn't maybe make some mi stakes about having a
value for the nitrogen and protein correlation if
you had that kind of critique.

DR. KIBBE: Bryan, you had a conmment?

DR RILEY: | just wanted to respond to
t he question about USP and possibly not neeting USP
standards if you use a rapid mcro nethod.

I don't think it is as big a concern as
sonme people may think it night be because even
t hough some of the rapid nmethods may use a totally
different basis of neasurenent and give you a very
di fferent nunber than the traditional USP m crobia
limts test or whatever, | think that you can
certain conpare, when you are assessing the

usability of a rapid nmethod, you can conpare it to
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the results you are getting with the USP nethod and
certainly set your acceptance criteria based on the
fact that you are | ooking at different nunbers, and
that even though a product can still neet your
acceptance criteria with a rapid nmethod, it would
still neet the acceptance criteria if you use the
USP net hod even t hough the nunbers nmay be very
different.

So, | think that should be taken into
account and conpared when you are assessing the
met hod itself.

DR BOEHLERT: | agree, | think the issue
is around equivalent to or better, which is how USP
defines alternate tests.

DR RILEY: Yes, and | think denonstrating
equi val ence to the USP test should not be that
difficult for a lot of the rapid methods.

DR LAYLOFF: Wth regard to the testing
for viable organisnms, the rapid tests wll
frequently give fal se positives. Do they also give
fal se negatives?

DR. RILEY: It can depend on the test and
what you are testing. It is sonething that has to
be | ooked at on a case-by-case basis, if you are

| ooking at a product or you are |ooking at water,
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you coul d have interference, that sort of thing.
It really depends on what you are | ooking at.

As | said, there are sonme grow h-based
rapi d nmethods, and those would have very
simlar--if you are looking at growmh in the nmedia
or not, that is going to be very simlar to the
growt h-based traditional conpendia test.

Sone of the rapid nethods that don't
require growmh, it looks like a viable stain, that
type of thing, that is sonething that we woul d have
to determ ne experinmentally.

DR LAYLOFF: But that would be a fal se
positive rather than a fal se negative, or do you
get fal se negatives al so?

DR RILEY: | think it depends on the
net hod.

DR.  SI NGPURWALLA:  You wanted to answer
two questions, are we on the right track and any
recommendations. Well, | just need a point of
clarification. It has much to do with | don't
understand what PAT is all about.

So, the first question to you is howis it
different fromprocess control practiced in
aut onobi l e industries and manufacturing industries,

and if it is the sane, | amsurprised that the drug
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i ndustry has not been using it because ny sense is
that the drug industry has been using it ever since
| was a student.

MR MG ACCIG Wat has happened over
the last five, seven years is we have the
anal ytical technology, so the near infrared has
been there, and statistical process control has
been there.

What has been absent is the engineering
solution to bring the technology right to the shop
floor to marry the analytical technology to the
manuf acturi ng equi prrent. That is what we have now
in process anal ytical technol ogy.

So, you are doing real-tine process,
nmoni toring, and control versus taking sanpl es,
bring themthrough a | aboratory, and then doing SPC
on that.

So, there is a paradigmshift that we have
gone through, that you have real-tine nonitoring,
and not just of a unit dose sanple that you have
taken out of a blender or 10 tablets that you have
taken off a tablet press, but of a very large N
The N has increased substantially our ability to
nmoni tor the process.

DR HUSSAIN. | think that is a good
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point. At the sane tinme, | think the key aspect has
been that in the sense sone have regarded that the
pharmaceuticals would be quite different, | nean if
you really look at sone of the literature, the
t hought process had been that pharnaceutical dosage
forns are different from nmaki ng nachi nes, and so
forth, so some of those principles nmight not apply.

So, it has been an evolution, it has been
a paradigmshift, and in many ways, | have used the
phrase testing to docunent quality to quality by
design. W have always tal ked about quality by
design, but our nentality has been testing to
docunent quality, because that is what we coul d do.

I think the pharmacopeial structure, the
regul atory structure had sort of reinforced that
t hought process on that, and Gerry is right in
terns of when you bring the analytical tools, the
engi neers, everybody together, it is a paradi gm
shift, and it is happening now to a |l arge degree.

DR. SI NGPURWALLA: So, am | correct in
under st andi ng that you are using what the engineers
called "control theory" techniques into the
phar maceuti cal industry, which was not there early
on?

DR. HUSSAIN: | think "not there" is not
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probably the correct characterization in the sense
different segnments have different |evels of
controls, for exanple, manufacture of the drug
substance material API, which is nore closer to
chem cal synthesis, chem cal industry, you have a
lot more of that in there.

Bi ot echnol ogy evol ved later on, so they
have nore of that already in place, because process
is so critical. So, there are segnents, the
pharmaceuti cal dosage forns, you know, tablets,
capsul es, and so forth, have not received the sane
| evel of attention, and that is new for these
dosage forns, so it depends on which part of
i ndustry you | ook at.

DR SI NGCPURWALLA: So, to conme back to
your original thing, about your question, so when
you say PAT, this is a generic thing.

DR HUSSAI N Yes.

DR, SI NGPURWALLA: Not specific to the
drug industry.

DR HUSSAIN: Well, the franmework is
generic to manufacturing irrespective of which
manuf acturi ng. The | anguage, the vocabul ary we
have used in the guidance is pertaining to the

pharmaceutical industry, and fromthat perspective,
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it is somewhat focused on the pharnmaceutica
situation or scenario.

DR KIBBE: Anybody else? You are doing
so wel .

In light of the fact that we have run out
of steam what | propose we do is break for lunch
W have already checked, | hope we have checked,
wi th our open hearing individuals, and we are going
totry to start the open to the public at 12: 30
instead of at 1 o'clock, so that you are al
invited to be back here at 12: 30.

[ Wher eupon, at 11:15 a.m, the proceedi ngs

were recessed, to be resuned at 12:30 p.m]
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1 AFTERNOON PROCEEDI NGS
2 [12:30 p. m]
3 Qpen Public Hearing
4 DR KIBBE: W have how nmany peopl e who

5 have asked to speak? W have four. Their

6 presentations, if they have slides, and what have

7 you, will be on the web page by tonorrow, we hope,

8 so that those of you in the public who need copies,
9 and what have you, can get access that way.

10 We have the Regional Director of the CMC
11 Regul atory Affairs from d axoSmithKline, Leo

12 Luci sano. W are really lucky to have you here.

13 MR LUCISANO | don't have any slides

14 today. Really, ny conments are intended to

15 conplenent Dr. Riley's presentation on rapid mcro
16 met hods t his norning.

17 It wasn't until | saw Dr. Wnkle's netrics
18 this norning that | realized that d axoSnmthKline

19 provi des about 10 percent of the annual reports

20 that is reviewed by new drug chenmistry and about 5
21 percent of the nmanufacturing suppl enents.

22 So, we create a lot of work for the Ofice
23 of Pharmaceutical Sciences. So, | was delighted

24  when, on February 27th, the PATRIOT team from FDA,

25 the PAT Review and | nspection Team conpleted a
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week-1 ong inspection at our facility in Parmg,
Italy.

It was |l ed by Bob Coleman, as Dr. Riley
mentioned. Bob is a national expert based in the
Atlanta District Ofice, and he was acconpani ed by
three mcrobiol ogists, one of which was Dr. Riley.

The inspection actually was triggered by
the submi ssion of a supplenmental new drug
application in which we sought approval of one of
the types of applications for rapid mcro nethods.
That technol ogy was endorsed as PAT technol ogy by
this conmittee back in Cctober of 2002

The inspection was a success and now it
enables us to potentially inplement this technol ogy
across a gl obal supply chain, and it represents the
cul mination of a 16-nonth effort between the O fice
of Pharmaceutical Sciences, the Ofice of
Regul atory Affairs, and industry in addressing the
chal | enges associated with the first PAT
application approved as part of FDA's Quality
Initiative for the 21st Century.

What | wanted to do today was just spend a
few m nutes tal king about the challenges that we
had in working with the Agency to reach this

m |l estone. They were really of three types. There
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was the technical chall enges, the regul atory
managenent chal | enges, and the educati ona
chal | enges

Just by way of background with respect to
m crobi ol ogical testing in the industry, we use it
inalot of different ways. We may use it to neet
the regul atory specifications to release a drug
product, we may apply it to the testing of
exci pients, such as water for injection prior to
its use in the drug product, and we nay al so
utilize it to verify that a manufacturing suite is
sufficiently clean prior to the next phase of
producti on.

So, the conventional methods typically
take about four to seven days to conplete and
oftentimes really represents the rate-limting step
in our decision process associated with batch
rel ease or release of a manufacturing area

So, with the availability of comrerci al
instrumentation for rapid nmicro methods being
avai l abl e and providing results in a matter of
hours usi ng technol ogi es, such as ATP
bi ol um nescence and solid phase cytonetry, there
are tremendous opportunities for us in utilizing

rapid mcro nethods.
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So, the technical challenges. One of the
exanples that we had was trying to apply rapid
mcro nmethods to regulatory specification for a
class of dosage forns, so in working with Dr. Peter
Cooney's staff in the Ofice of M crobiology, we
agreed on an approach that adopted a two-stage
acceptance criteria, conmbining the qualitative
rapid micro nethod with the currently approved
mcrobial limt test that used nore conventiona
met hods as stated in the USP, so if a batch of drug
product tested free of bioburden using the
qualitative rapid mcro test, that no further
testing was required.

If the screen indicated the presence of
m croorgani sns, then, the conventional m crobial
limt test was perfornmed to deternine conpliance
with the regul atory specifications.

So, when you think about a high-vol une
product where the historical data indicates that
the product typically is free of bioburden,
applying rapid mcro nmethods in this strategy
of fers very significant advantages with respect to
product release and inventory turnover.

The foundation for the validation of this

met hodol ogy was actually provided by the PDA
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1 technical report published in 2002. This docune

2 addr essed the eval uation, validation, and

3 i npl ement ati on of new m crobiol ogical test nethods, so,

4 speaking to Dr. DelLuca's comment this norning

5 about the availability of published literature

6 actually facilitating working through sone of th
7 i ssues that we had around process anal ytica

8 technol ogy and its approval

9 The second type of challenge that we h
10 was the regul atory nanagenent process. W were
11 interested in applying rapid mcro methods in a
12 variety of different ways at nultiple FDA-approv
13 facilities, so this scope of interest would

14 potentially affect the entire approved product
15 portfolio expandi ng over 140 approved new drug
16 appl i cations.

17 So, in the conventional regulatory rev
18 and approval process, this mght require an

19 equi val ent nunber of new drug applications, each
20 contai ning a data package denmpnstrating the

21 application of rapid mcro nethods to the specif
22 product of interest.

23 So, how would we progress rapid mcro
24 met hods wi t hout further overburdening the Ofice

25 New Drug Chemistry with additional supplenental
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drug applications?

Actual ly, the solution was provided by the

Agency with the issuance of the draft gui dance on
conmparability protocols that was published in
February of 2003. So, a conparability protocol is
essentially a plan that evaluates the effect of

changes on an approved product.

You don't have to include product-specific

data, but describe the analytical procedures that
you intend to use and the acceptance criteria that
wi Il be achieved to denonstrate that there is no
adverse effect on product quality.

So, what we agreed upon that we woul d
submit a plan, a conparability protocol to apply
this technology, and we do it by a prior approva
suppl enent .

Once the Agency approved that plan, we
could then inplenent that technol ogy at any GSK
manuf acturing site that had a satisfactory CGW
i nspection status with the FDA, so that if these
conditions were nmet, any site within the
manuf act uri ng network coul d adopt rapid mcro
met hods according to its own tineline and notify
the Agency via a regul atory subm ssion that does

not require prior approval, such as an annua
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report or changes being effected in zero day
suppl enent .

Thi s agreenent applied regardl ess of the
nunber of NDA-approved sites or nunber of
NDA- appr oved products and dosage forns manufactured
at a particular facility.

So, the process, the end result was a
streamn i ned managenent process for adopting rapid
mcro nmethods or really any process anal ytica
technol ogy, for that nmatter, across a global supply
chai n.

It offered advantages for the Agency by
decreasi ng the nunber of prior approval suppl enents
that needed to be reviewed, and al so retained the
appropri ate checks and bal ances for the Agency to
conduct an inspection at its discretion and verify
that the manufacturing site has fulfilled the
val idation requirenments approved in a conparability
pr ot ocol

The | ast chal |l enge was one of educati on,
and as the discussions evol ved between GSK and FDA
we recognhi zed that there was a need for both the
Agency and GSK to educate their personnel regarding
rapid mcro nethods, their science, and their

regul ation. This was achieved in a nunber of
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di fferent ways.

Dr. Riley nentioned this norning about a
day-long sem nar that the FDA conducted with a
| arge nunmber of FDA staff, talking about
instrumentation, bringing in consultants,

di scussing their application

W al so had a hal f-day technical neeting
bet ween GSK scientists and FDA scientists in My of
| ast year with the objective of that neeting to
share the ongoing work that was evolving with rapid
m cro technol ogy, but there was also a need to
educate the gl obal organization within GSK since
the regul atory process that was approved for rapid
m cro methods was very different fromthe
conventional post-approval process for inplenenting
changes.

We al so had to review our changed
managenent systens to assure that they could
accommpdat e the conditions of approval agreed upon
with the agency. The regul atory managenment process
approved for the inplenentation of rapid mcro
met hods has inplications for other process
anal ytical technologies in the future.

Consequently, we have functional groups

within nmy organization requesting the Regul atory
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Affairs Departnent to educate them under rapid
mcro experience with FDA, and to guide themw th
respect to future PAT applications and their

appr oval

Si xteen months fromthe time that this
advi sory comittee endorsed rapid mcro nethods as
a process anal ytical technol ogy, we now have an
approved regul atory process that can be applied
across the conmpany's entire product line at any
FDA- approved facility.

It required the review and approval of
three suppl enental new drug applications and an FDA
i nspection by the PATRI OT team

I would like to thank this advisory
committee for really providing the incentive to
address the technical, the regul atory nanagenent
and educational chall enges associated with the
approval and inplenentation of a PAT technol ogy
pl at f or m

The resol ution of these chall enges
required the application of new gui dance docunents,
such as the guidance on conparability protocols,
the availability of published scientific
literature, such as PDA Report 33, and a new way of

conducting business that really required sone
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i ntrospection and sone adjustnment on both the
Agency's part and ours.

I know within GSK, we are now notivated by
these first approvals and are | ooking at additiona
appl i cations of process anal ytical technol ogies
that may be nore expansive in scope and require a
somewhat different road map, but | suspect the
chal l enges will still be sonewhat the sane and
require a simlar investnent of resources, cost,
and flexibility to be successful.

Thank you.

DR KIBBE: Do you have any questions for
our speaker, anybody?

[ No response. ]

DR KIBBE: Well, I will hit you with one.
Do you have an estinmate of what was saved in
man- hours or paperwork on both ends of the street,
like for your people and for the FDA peopl e?

MR, LUCI SANO Wth respect to reductions,
at the FDA inspection at Parma, we shared with the
Agency that for one particular product, we would be
saving 160 kil oEuros--it was a European site--per
year with the application of rapid mcro methods.

Certainly, the availability of only

submitting or the opportunity to submt only two
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suppl enents rather than 140 supplenents to gain
approval of a technol ogy across approved product
line offers significant cost reductions for the
Regul atory Affairs Departnent.

DR. KIBBE: Anybody el se?

[ No response. ]

DR. KIBBE: Thank you

We now have two individuals from
Xcel | erex, the founder, Parrish M @alliher, and
the Vice President, Quality and Regul atory Affairs,
El i zabet h Fow er.

MR, GALLIHER: Good afternoon. Thank you
to the advisory comittee and Keith WWbber in
particular for the invitation, and Ajaz's support
and vote of confidence for our view on PAT for
bi ol ogi cs

[Slide.]

I want to introduce Beth Fow er, who is
our VP of Regulatory and Quality at Xcell erex.

The title of our talk is PAT for
Bi ol ogi cs, Ensuring Quality of Biologically
Produced Drugs.

I think I want to focus, what | would like
to sort of conduct as sort of a brainstormview of

our opinions on PAT, to focus in on biotech drugs,
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reconbi nant proteins produced in namalian cel
systens or bacterial yeast systens, and |l ess on the
traditional biologics, such as vacci nes.

So, before | get going into what we have
to say, | would like to nention that PAT, to us, is
much broader than the title, the words of PAT. It
is not just, in our view, process analytica
technol ogy that we are concerned about, it is a
broader vision of ensuring product quality across
all stages of nmanufacturing, but also throughout
the organi zation that is responsible for delivering
the drug that cones fromall parts of the
organi zation as the process is devel oped, as the
process is inplemented, and as the product quality
is assessed either in-line, at-line, or off-Iline.
W will talk a bit about how, at Xcellerex, we are
trying to take this broader view as part of doing
busi ness for ourselves and for our customers.

We are a contract manufacturing
organi zation for biotech products, so we have the
custoners' product quality right square in our
view, and that drives a lot of what we do in our
busi ness, and we find that PAT, in general, in the
broader interpretation, is really good business for

us and for our custoners.
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I think | ooking back over the last 25
years of the biol ogics manufacturing business,
think in the eighties, the industry was consuned
with the sinple task or the hercul ean task of
simply produci ng these products and the initia
ones getting to market, and | think the industry is
really consuned with that whol e endeavor, which was
huge.

In the nineties, nore and nore drugs,
bi ot ech drugs, cane to the market. W now have
approxi matel y 30 individual proteins that have been
licensed, so getting to market in the nineties was
really where the industry was focusing.

However, in the last five years, we have
seen the inportance of speed getting to the clinic
and speed getting to the nmarket as being nore and
more of a driver in what we hear from our
custoners, what we have seen in our own |lives and
bi ot ech conpani es, rushing drugs to the clinic and
to the market, and very nuch our interpretation
today of PAT is focused, not just on quality, but
al so affordi ng speed without sacrifice of quality
or, in fact, inproving quality, and I will talk a
bit nmore about that.

However, in the next decade, we see the
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i ndi cations and trends in the industry inpacting or
bringing costs to the forefront of biotechnol ogy
and manufacturing through the advent of conpetition
with a nunber of sinilar conpounds in the market,
through the pressures of managed health care, and
so we think that PAT will actually be invigorated
or stinulated by cost pressure of the industry
com ng in the next decade.

[Slide.]

In general, that was our review of PAT,
again a broader vision than sinply process
anal ytical technology. W are going to talk about
the i nportance of PAT specifically for biologics
manuf acturing and drill down into the real val ue
and how we are, in several places throughout the
organi zation, in our business, inplenmenting PAT
principles at various levels. | will give you
specific exanpl es of those, and then wap up with
sone concl usi ons.

[Slide.]

We vi ew PAT as process know edge gai ned
through process analytics and statistically
desi gned process optim zation studies to begin
with. So, in our view, it really begins with

under standi ng the process that is intended to
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deliver a product of a certain quality.

So, we view PAT nore as product quality
know edge rather than process anal ytica
technology. The focus is really on product quality
wherever it is being produced in the manufacturing
process.

Again, to begin with, we start in the
devel opment | aboratory by studying the paraneters
that affect product quality and yield in a
statistically oriented fashion in robustness
studies, and | will get into that a little bit.

So, the processes are really designed to
mai ntain product quality or to, in fact, inprove
product quality, and we rmake real efforts there,
and | will give you sone exanpl es

W see the advent of continual nonitoring
to, in fact, further ensure process control to
produce a product of a defined quality, and the
reason that we think continual nmonitoring is a
benefit is, in fact, that if there are process
perturbations during a |l engthy step, we can anal yze
those perturbations nore quickly and determ ne
whet her or not that product is in jeopardy or
whet her, in fact, we should invest in further

processing to carry it to final form
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Wth regard to then the manufacturing risk
of further processing a batch that could be in
danger, again, PAT, with the database that is
generated through the efforts of PAT, will help us
not only assess the risk to product quality, but
al so froma manufacturing economc side, is it
wort hwhil e investing in a batch that has sonme sort
of perturbation in this processing step

So, it is not just risk to product
quality, but in point of fact, froma
manuf acturer's standpoint, we are al so concerned
about are we delivering what the custoner wants,
are we delivering on the contract to produce a
certain anount of product of a certain defined
quality.

[Slide.]

Just to talk a little bit about sone of
the key issues that we see in this business, first
of all, just stepping back a bit, there is
bi ol ogi cal variation in production of the materia
that we are interested in depending on the system
wi th which you are produci ng the product.

If you are in a transgenic system there
can be aninmal to aninmal variation, and in cel

cul ture based processes, whether they be manmali an,
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bacterial, or yeast or fungi, there is variation in
the cell culture step.

It is not a surprise, the organisns are
very conpl ex, they have a huge nunber of genes
whose function can inpact the manufacture of the
product, so we expect that in biological systens,
there will be inherently nore variation that could
af fect product quality.

There can al so be unknown pat hogens
associ ated with biol ogical systens, and these, of
course, are an issue with regard to biol ogi ca
safety of the product, and there can be, in fact,
unrelated inpurities to the drug with unknown
activities that can, in fact, be produced by
bi ol ogi cal systens at |ow quantities that may not
be neasured.

So, in general, we see biologics as a
hi ghly variable environnment within which to nake a
product, and taking this account, it is to nme quite
remar kabl e and wonderful that there are so nmany
approved products on the narket today hel ping so
many people who are, in fact, in need.

So, we see this background therefore
advocating the greater value then of nobre process

anal ytical technology or nore product quality
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knowl edge given the inherent variability. So, that
is the general background in which we see the val ue
of PAT.

[Slide.]

To just talk a bit nore about product risk
managenent, this is our present state of affairs.

First of all, in today's biologics
manuf acturi ng, we generally start with a vi ewpoint
that mnimal process change should be attenpted or
even allowed as the drug noves through the clinic
or into the clinic and on to the market, we try to
m nimze the nunber of process changes.

Two. Process paraneters are used, that
is, process control paraneters are generally used
as surrogates for product quality indication or
monitoring. That is, we are not really directly
moni toring the product quality attributes in every
step of the manufacturing process nmainly due to
limtation in analytical technology and specificity
especially in the presence of crude background
materials and matrices that interfere with current
met hodol ogi es.

Therefore, we rely on post-production
rel ease and sone in-process testing again through

surrogate markers to ensure product consistency.
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Agai n post-facto is the point, post-production is
the operative here.

Generally, we are faced with processing a
batch to conpl etion, which can be an investnment of
mllions of dollars, and then to find out that we
have sonewhere al ong the way | ost the product
quality attributes that we intended to achieve, and
that batch no | onger can be considered rel easabl e.

So, today's business is post-production
and there is a huge investnment nmade in the intent
of that batch being rel eased, but, in fact, our
met hodol ogi es are very large, inadequate to ensure
that on-1ine.

The future vision that we have is that
real-tine, on-line or at-line nonitoring of product
quality can provide increased assurance of process
in that product consistency, and that is the vision
that we are very interested in.

We think it reduces our risk, we think it
i nproves the product quality all along the way. W
think the customer ultimately wants to know t hat
anyway, as we do, and at the end of the day, if you
add up the dollars, it is cost efficient, and
will give sone exanpl es.

Secondl y, increased process understandi ng
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enabl es risk-adjusted eval uati on of process and
product data, so that neans when we do have a
spurious event in manufacturing, which we will
have, which everyone does have, and don't believe
themif they tell you they are not having them we
can use the product quality analytical nethodol ogy
on-line to assess the product quality inpact at
that monment and deci de whet her or not that batch
shoul d be processed or not in order to achieve a
certain product quality attribute.

[Slide.]

So, let's talk about where on-line, or
in-line, or at-line technology stands as of today.

On this slide on your left, the three
maj or stages of manufacturing include fernentation,
purification, and formulation fill finish.

In the second colum, the purpose of each
step certainly is to control product quality in the
fernentation and to assure biosafety, that is, the
adventitious agents that may inpact the
fernmentation step, purification, again contro
product quality, inmpurity renoval, ensure
bi osafety, virus clearance, bioburden clearance, et
cetera, and finally, in formulation fill finish,

ensure product quality, uniformty, and again
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safety.

Present day, in the middle colum, the
third colum over, in the fernentation step, we
measure cell growh and cell viability, and we
measure a nunber of netabolic parameters that, in
part, control whether we use as control of the
grow h and the viability of the cells with the
intent then, and the prevalidated, prospective
val i dat ed purpose of producing the product of a
certain quantity and a certain quality, but we do
not neasure the product quality directly in the
cell culture step.

In purification, again we neasure process
paraneters including those |listed as surrogate
mar kers of control of product quality. |In order to
measure product quality, we have to take sanples
off-line, purify the product, and nmeasure its
quality attributes

Finally, in formulation fill finish, we
get a chance to really | ook at the product itself
and the environnment, the quality in terns of
adventitious contam nati on and vol ume as an
exanmple, fill vol ure.

So, it is not really until we get to the

end of the process that we really get a | ook at the
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product quality attributes that we are trying to
get at.

Qur view for the future then is that in
the cell gromh culture step, in the fernmentation
step, we want to be able to measure on-line,
in-line, non-invasively, because we are trying to
protect the fernentation from contam nation, the

content, tbe product concentration in the fernenter

and the quality. |In fact, it could be a very
sensitive attribute of quality. It could be
tertiary or quaternary structure. It could be

potency, it could be glycosylation

We want to understand the inpurity profile
and any ot her adventitious agents that have entered
the step. | want to rem nd you that the background
inthis step is very dirty, relatively speaki ng,
that is, there are many nutrients added to the
fernmentation to pronote cell growth. These are
obvi ously conmponents that we need to purify away,
so there is a conplex chenical background agai nst
which we are asking to neasure the product quality
and content.

Simlarly, downstreamin purification, we
want to watch quality all the tine, the

concentration as well, as we are clearing the
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inmpurities fromthe product and clearing any
adventitious agents.

Lastly, formulation fill finish, | think
what we really want to do is as we are formul ating
our pre-formulation, really make sure we do have
the right quality of the product at that point,
because at that point in the process, the value of
the product is very high, there has been a | ot
invested init, and we want to nake sure that we
are going to go forward, do a fill with active,
appropriately fol ded, biologically active product,
if that is the attribute of the product at that
st age.

So, that gives you a vision of the future
of what we are trying to achieve, and we feel there
are real values to achieving that.

[Slide.]

Sinply stated, we want to ensure that
product quality remains consistent throughout the
process fromthe beginning to the end, not just
measuring it after the fact.

W want to assess deviations and their
impact in real-tinme, which do occur. Some of them
are trivial, some of themare najor, neverthel ess,

the cost invested in a cell culture step is huge.
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It's about nearly 50 percent of the total
manuf acturing cost is incurred within the cel
cul ture production step

So, we want to avoid the cost of
processi ng unrel easabl e batches at that stage. So,
this is really cost avoi dance, rapid cost
avoi dance, not just ensuring product quality, we
want to kill bad batches fast and early.

If we want to continue processing, we have
got the data set to justify the batch processing
and ultimately, we will be ensured of batch
rel ease.

Three. Continual process nonitoring
obvi ates need for process validation. | think that
may be a little bit broad claim but | think the
i mplication of processing | egal technology with
regard to its inpact on potential, the reductions
in process validation is huge.

It is huge to us because | can tell you
today, in order to validate a process, and | am not
just talking about the three qualification lots at
scale prior to BLA, | amtal king about all the
process robustness studies and the assay validation
that is done to support those process robustness

st udi es.
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The industry spends 50 to 100 nan-years in
studying the inpact of process perturbations on
product quality and process yield. That is a huge
i nvestnment at the cost of a quarter of a nmillion
dol l ars per person year. You do the math, it's a
gigantic investnent.

In addition, we validate the assays that
support the neasurenent of the product quality
under those conditions. So, there is a huge
i nvestment in doing process validation. |f we can
suppl ant that by doing real-tine process quality
assessnent and reduce process validation effort,
that is a very big inplication for the industry.

We can reduce testing requirenents at the
end of the process potentially if we are measuring
product quality and content all along the way. |
know t hat makes perfect sense to ne as |ong as
those assays are vali dat ed.

Utimately, we can increase process
know edge t hrough identification of critical steps
and paraneters that inmpact quality, and this helps
obviously inmprove the risk assessnment and validity
on any particular batch that is in question

[Slide.]

The investnent risk is substantial. Let's
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just take on-line bioburden as an example in the
cell culture step. The assunptions here are
listed. If we are making 20 batches a year, a $20
mllion annual budget, fully |loaded, that is $1
mllion per batch, fully | oaded, a 90 percent
overal |l success rate facility, that neans 18
bat ches a year gets released, that neans 2 do not,
so the cost of lost batches is $2 million a year.

If we had on-line bioburden in the
fermenter that could detect the contam nation
in-line, or at-line, or on-line at the tine that it
occurred, we wouldn't invest in the processing of
that batch downstream That could save half the
manuf acturi ng costs of a batch, that is, the
downstream costs, and we would go on with the next,
dunp that batch, and restart with the next batch

That is good business. |It's good business
for the custoner, it's good business for Xcell erex.

[Slide.]

We are involved in process analytica
technol ogy activities at Xcellerex. 1t turns out
we |icensed the technol ogy platformthat positioned
the conpany to be in this frane of thinking in the
way of doing business, and | have |isted here sort

of four or five main bullets that we are pursuing
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at this tine under process devel opnent.

We are using high throughput screening to
statistically optimze process paraneters

Two. We are using process analytics to
| ook at glycosylation, for instance, and m croarray
technol ogy, process control via noninvasive sensors
whi ch we have devel oped, including pH and D2, and
we are using on-line environmental monitoring of
non-vi abl e particulates in our nmanufacturing steps
i n our nodul ar systens.

The benefit from optim zation of process
devel opment, on the right, is certainly to optim ze
the process fromthe start, to exam ne nore
paraneters in less tinmne.

So, we are doing very large statistically
desi gned experinments now to screen nany nore
paraneters that could affect product quality or
yield. W are using autonmation robotics to do
t hat .

In process analytics with these real-tine
assays, We can assess product quality in conpl ex
backgrounds, not in-line, but at-line at this
poi nt, and the non-invasive nature of the sensors
all ows us to avoid contam nation of the process

stream
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Utimately, on-line will bring us
real -tine assessment of environnental parameters
and control, as | nentioned.

[Slide.]

So, specifically, in manufacturing--sorry,

that was nore of a focus on process devel opnent
anal ytics--but in the manufacturing, what we have
really inplenented in automation include el ectronic
batch records, non-invasive sensors, and on-line
qual ity assurance

So, again, this is showi ng us a broader
vi ew of PAT, so at manufacturing level, we are not
just tal king about on-line sensors and on-line
activity, on-line analytics, we are talking about
an overall quality attribute or quality program
that achi eves what we think is a higher |evel of
product quality, and automation is one vehicle to
do that.

We are using controlled environnent
modul es to separate the operators in the process,
and we are using disposables. On the right is
listed the benefits of doing business this way.

So, this is our sort of approach to
process anal ytical technol ogy, but again thinking

on the broader |evel of product quality know edge
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and i nprovement in the manufacturing.

[Slide.]

Wth regard to know edge nmanagenent, and
data, trending, and archiving, we have put in a
systemthat is getting right at that, and so we are
right inline with the PAT phi |l osophy of using
process know edge historically, archiving it,
trending it, statistically analyzing it with our
eFactory platform

[Slide.]

In process optim zation, here is another
exanple. W do many nultivariate studies with many,
many conbinations of variables. This is a graph of
one experiment in which we have cross-plotted the
results of duplicates in one experinment in which we
have | ooked at over 300 different nedia
formul ati ons.

Thr ough t hese net hodol ogi es, which give us
the statistical data and power, shown in the
nunbers on the right, lower right, we really get a
good | ook at process robustness and paraneters that
af fect product quality and vyield.

So, the automation and robotics puts us
ahead in terns of understandi ng nore about our

process before it goes into nanufacturing.
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[Slide.]

El ectronic batch records. Here is a
picture. This gives us the ability to provide
on-line quality assurance, which is again advocated
by the PAT gui dance. W use el ectronic batch
records to catch conpliance issues with the
operators, signatures, quantities, process contro
paraneters, so that real-tinme, we are catching
product or process control paraneters that are out
of spec or out of control

[Slide.]

We | ook at our data historically. Here is
a chart of 30 batches or so, and there are four
l'ines on the graph showi ng the data fromdifferent
paraneters that we are neasuring. |In fact, this is
a conposite graph of the step yields of the
process, so there are four steps in each graph of
data points, is showing the step yield for that
particular step in the process.

The point here is that we are using
statistical process control as advocated in the PAT
gui dance to | earn about the process, to |learn nore
about what affects product quality, product
performance, and product vyield.

[Slide.]
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A couple of nore slides. | would like to
just nention the challenges in applying process
anal ytical technology to biologics. Really, I
think are three or four key points.

First, the investment in bringing
anal ytics on-line is not trivial. W don't see a
big driver to do that, and |I think that, as
menti oned, cost drivers will, in fact, | believe
stimulate nore investnent in on-line or at-line
t echnol ogy.

I think until we have cost pressure in the
i ndustry, there will not be a huge driver to do
t hat .

Secondl y, innovation to devel op anal ytica
tools to assess critical attributes really is where
it has to start. It has to start back in the lab
| ong before you get to the manufacturing line, you
have got to be back in the | ab converting the
technol ogy to sonething that is applicable on-line,
perfecting that technology, mniaturizing it, and
designing it to work in the plant floor

Ext ensi ve data has to be accumnul ated then
in order to validate the nethodology to identify
those critical attributes and appropriate limts

for that on-1line nethod.
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Al ways, there is a regulatory uncertainty.
I think we are al ways concerned about nore data
revealing nore variation, and why woul d we want
that if, in fact, the variation is out of spec.

So, that is always a concern, and | think it is a
matter of a lot of the date.

Stringency of limts related to the
criticality of inmpact gets to how widely you are
going to validate the variance tolerance in your
process with your on-1ine nethodol ogi es.

[Slide.]

Again, the regulatory risk is data, how
much data is too nuch data, what is the collection
interval, continuous versus intermttent data
collection. Howto use that data, speeding rel ease
or speeding off-line release post-batch, or
real -tine rel ease, and how to nanage noi se

At the end of the day, we do not want to
| ose product itself, we do not want to |ose
productivity or |lower the plant output. It just
| eads to higher manufacturing costs and | ost
product quality for the client.

[Slide.]

Here is an exanple of a continuous

real-tine data set with spurious spikes. This
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1 process actually tested the in-control, but, in

2 fact, we had spi kes during the continuous

3 nmoni toring, are those spi kes neaningful .

4 The organi zati on needs to have a nechani sm
5 by which to anal yze spurious spikes due to

6 el ectronic noise or other things in order to ensure
7 that it is an issue or not an issue.

8 [Slide.]

9 In summary, we think that the inpact of
10 PAT is as follows. First, we clearly want to

11 measure the product quality in the process stream
12 and we support that.

13 Secondly, we want to increase the

14 under st andi ng of the process and the product

15 quality relationship. There is a relationship. It
16 is not just product by process, or process by

17 product. The two go together and understandi ng

18 nore about that is noney in the bank

19 Third, continual process nonitoring

20 obvi ates the need for process validation. W think
21 that is possible within limts.

22 Fourth, we believe that PAT enabl es

23 sci ence- based deci sionnmaking real-tinme in

24 manuf acturing where it has a huge value. It can

25 reduce batch release tine ultimtely at the end of
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the batch, and can ultimately increase plant
capacity. It can overall |ower manufacturing risk
and, in fact, |ower our cost of goods delivered.

So, in sumary, we think after all those
thi ngs, PAT technology really can be a very cost
effective investnment for a manufacturing
organi zati on.

Thank you.

DR KIBBE: Thank you. Are there any
qui ck questions? Then, we will nove on to our next
speaker .

DR. COONEY: Parrish, do you see any
particul ar needs in the gui dance that have been put
forward so far on PAT to extend it to biologics?

MR GALLIHER  Yes, we had a discussion
actually a week or so ago with Ajaz and team |
think the inpact of reduction in process validation
is understated in the guidance as witten. W
would Iike to explore that further and perhaps
expand the interpretation and the understandi ng of
the inpact biol ogics.

The cost of process robustness study and
the cost of validation is huge, and it may or may
not be the right way to go ultimately if we are

really thinking about PAT. So, | think that is
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particularly an area for biologics that | would

t hi nk about .
DR SI NGPURWALLA: | have two conments.
One is your control charts. It |ooks like your

step one is out of control, right?

MR GALLIHER. That data does not show any
rel ease parameters

DR. SI NGPURWALLA: The top one, to nme it
seens like it is out of control, but that is a
m nor point. The mgjor point is this, that we have
had two tal ks, one by yourself, one by the previous
speaker, and what we have seen is extolling the
virtues of PAT into your particular industry.

It is my sense that the FDA has taken the
initiative and the lead in terns of infusing PAT
into the pharmaceutical industry. It has nmade you
more efficient, presumably you saved some noney.
How rmuch of that noney has trickled down to the
consumer as a consequence, or is there any estimate
of that? Because it is governnent investment in
t he end.

MR GALLIHER: | am not sure | can answer
that directly. | would say that in biotech
manuf acturing, cost pressure is not really present,

so consuner cost reduction interest in the
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pharmaceutical, at the end of the day, has not
really trickled back to manufacturing organizations
as part of biotech pharnma conpani es saying to
manuf act uri ng you nust | ower costs.

The gane has been to get to market quickly
or to the clinic and to produce enough product. W
have not seen on a broad scale yet the trickle-down
of high cost of drugs, biopharmaceutical drugs to
the manufacturing floor. It has not really
happened.

That is why | said at the begi nning of the
talk, | think that is in the next decade. As
managed care begins to trickle back down through
t he pharnmaceutical value chain to the manufacturing
floor, we will begin to see it.

DR SI NGPURWALLA: So, what has been the
gain then?

MR, GALLIHER: The gain for manufacturing,
the gain for the organi zati on?

DR SI NGPURWALLA:  Yes.

MR, GALLIHER: The gain for the
pharmaceuti cal organization is to reduce its
operating costs and therefore, presumably,
hopefully, to increase profits.

DR. SI NGPURWALLA: Ah, but | want to see
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some of your profits come to ne.

[ Laught er.]

MR GALLIHER. Well, nmaybe we shoul d have
a tal k outside.

DR. KIBBE: Anybody el se?

DR SELASSIE: | have a broad question on
your statistical process control. Are they
sequential and are those the overall yields for the
whol e process?

MR. GALLIHER. This is an exanple of a
process devel opnent data set, where in process
devel opnment, again, this is where we are building
i nformati on about the process, this is not actua
manuf act uri ng runs.

We are | ooking at the performance of
different steps in the process and the yield. The
lines that go through the data points are averages
of the data.

DR SELASSIE: | amkind of curious
because it | ooks |like as you go fromone step to
the fourth step, | nean the yields gradually go
down. |Is that the overall yield or just the yield
for each step?

MR GALLIHER. Each line is the step

yield. Again, this is listed here as an exanpl e.
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DR SWADENER: Since this is a sense of an
eval uati on of the process, | am presum ng that some
of this is used to determ ne whether sone steps are
necessary or not in the monitoring process?

MR, GALLIHER  Well, what we do is we | ook
at this, this is the kind of data that we | ook at
to determ ne whether or not there are trends
starting to inpact the manufacturing controls, so
instead of just |looking at a few data points at a
time, we | ook over a nunmber of data points to
determine if there is a trend developing in the
dat a.

We have shown this graph as a process
devel opnment data set illustrative of the process of
| ooking at many data points over a long period to
determine if there is atrend in the data, in the
performance of the process that you wouldn't see if
you were just |ooking at a few batches at a tine.

DR SWADENER: Do you sonetines find that
some of your data points that you thought were good
data points, were not good data points, therefore,
you don't need to use thenf

MR GALLIHER No. | nmean if we are
produci ng a pharnmaceutical drug for intended human

use, each batch is tested and has to neet with
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these criteria before it is ever rel eased.

DR. SWADENER:  But suppose one data point
consistently conmes out with the sanme results al
the tine, and doesn't tell you rmuch?

MR. GALLIHER  Well, each assay is
validated to ensure that it is neasuring the
i ntended attribute of the product, so we are quite
sure that that is not happening.

In those particular assays, there are
controls that are included in those anal ytica
assays to ensure that the analytical nmethod is, in
fact, valid every tine it is run.

DR. SWADENER: What | am saying i s suppose
a given data point consistently comes up with the
same result, and it is not really adding any new
data to the whol e process, can you drop that one
and nove it sonewhere el se?

MR GALLIHER: Not wi t hout going through
t he program of change control, which is a regul ated
met hod of evol ving process anal ytical technol ogy or
rel ease assays or process nethodol ogi es or
controls.

DR. KIBBE: | think we need to nobve on
We are gaining back all the time we saved this

nor ni ng.
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Thank you very much.

We have a representative fromthe
pharmaceuti cal segnment manager of Sienmens Energy &
Aut omati on, Troy Logan.

MR. LOGAN: CGood afternoon. | would Iike
to start by thanking the conmittee for providing
the opportunity to speak here today about sone of
the experiences that Sienens has had with process
anal yti cal technol ogi es.

[Slide.]

The PAT opportunities that are listed in
the PAT draft guidance published by the FDA are
that it can help to reduce production tinme, to have
faster production lead tinme, also right first time
quality, which nmeans that the whole quality system
is an integral part of the process, and a kind of
quality systembuilt in by design

Al so, managing variability, trying to
reduce the variability of the process to have a
nore consi stent process.

Facilitating continuous processing neaning
that we can nove faster fromone unit operation to
the next with fewer waiting times, which nost of
the tinme are due to | aboratory tests.

W can increase autonation to inprove
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operator safety and reduce human errors, which is
more of a risk consideration

Then, the ultimate goal is real-tine
product release. |In fact, to achieve real-tine
product release, we need to achieve the first steps
|isted above.

[Slide.]

Real -ti me product rel ease neans that we
can rel ease the product to the market without a
final test, so without doing |aboratory tests, but
just by review ng process characteristics.

[Slide.]

If we consider the whol e biopharnmaceutica
process, there are a few steps which are very
i mportant and whi ch have a big inmpact on the
quality of the product.

For instance, the bioreactor stage is one
of the npbst inportant steps because it has a | arge
i mpact on the final quality of the product,
compared to separation and purification where the
qual ity cannot be changed very nuch. W can only
i solate the desired product out of the
fernmentation.

So, in fact, the first step where PAT

shoul d be applied is in steps where the inpact on
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176
quality is the highest, and this is the bioreactor
stage. Later in the manufacturing process, we see
that the biggest inpact on final product quality is
in the fornulation step, so that is why formulation
happens to be the first one addressed for PAT for
drug manufacturing, also known as secondary
manuf act uri ng.

Al'l other areas can benefit simlarly from
PAT. The idea is to start with the areas where it
wi Il have the greatest inpact and the returns wll
be the greatest.

[Slide.]

To achieve real -tinme product rel ease, we
need to bring together many disciplines, and we
must carefully consider the capabilities of each as
we do. For instance, we have to conbine
manuf act uri ng executi on systems together with
advanced control systens, wth process nodeling,
al so with process devel opment, with nmultivariate
data anal ysis or chenonetrics, with process
under standi ng and with process analytics, all, of
course, inside of a regulatory framework

[Slide.]

If we | ook at the whole concept, there is

the process layer on the bottomand the IT
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infrastructure on the top. There are two aspects
of this whol e PAT concept, the control aspect on

one side and the process nonitoring aspect on the
ot her.

Looki ng inside the boxes, we see that the
control solution is built out of control nodul es
and equi pnent nodul es, brought together to form
phar maceuti cal nodul es, a batch managenent system
and, of course, electronic batch records, which are
fed into the MES or IT infrastructure.

On the other side are the process
anal ytics which can be applied in two ways.

First, for process specification verification and
real -tine product rel ease, and, second, for
collecting information fromthe process to apply an
iterative learning control systemthat will help to
i ncrease our know edge of the process on the fly as
the process runs and, based on that, inprove the
control strategy.

Further on top, as you gain nore know edge
about your process, you can begin to optim ze that
process.

[Slide.]

We | ook nowto a real world exanple, that

is, control of a bioreactor, which is typically
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based on nonitoring pH dissolved oxygen and
tenperature, and apply a closed | oop control
strategy based on the information fromthese
sensors

If we now al so introduce a PAT sol ution
it can help by providing nore information about the
process, not just secondary paraneters, but al so
chem cal conposition and biol ogi cal performance or
bi ol ogi cal status of the process. This information
can then be used as an input to the control system

Separate fromthis, there is typically a
| aboratory that is checking the quality of the
product and naki ng deci si ons about hol di ng or
rel easing the product to the market.

A future strategy can be that decisions
are no |l onger nade in the |aboratory, but instead,
the process control system on the manufacturing
fl oor decides, based on the information obtained
from PAT, if product will be held or released to
the market.

[Slide.]

This is an exanpl e of where we have
appl i ed PAT for fast identification of
contami nations or a certain disturbance in a

process. This is froma yeast-based fernentation
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where the major threat to the process is

contam nation introduced by m croorgani sns com ng

in through air that is sparged into the bioreactor
or via the substrate before it is transferred into
the bi oreactor.

The conventional |aboratory test
normal |y take 8 hours before it is known if this
contam nati on has taken place. Wth this new way
of applying PAT, we are able to quickly, within a
few seconds, identify when there is a
cont am nat i on.

[Slide.]

What you see here is a representation of
this kind of classification. On purpose, we have
contam nated the yeast fernmentation with 7 of the
nmost conmon m croorgani sns that, in the case of
this conpany, caused one-third of their rejected
bat ches, so that neans significant econom c inpact
in their business.

We intentionally contam nated the
fernmentation and found that we can classify and
identify the outcone into contam nated or not
cont am nat ed product, and this chart is the result
of that experinent.

[Slide.]
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Here is another exanple. An in-situ probe
was pl aced inside a bioreactor and is nonitoring
the process by collecting the spectra fromthe
beginning to the end, and a principal conmponent
anal ysis is being applied. The principal component
anal ysis is used to nonitor process change
t hroughout the batch.

[Slide.]

What you see here is a two principa
conmponent plot that represents the ngajor changes of
this process. Froma process control point of
view, we are mainly interested in what is changing
in the process, so we would like for everything
that is staying constant to be taken out of what is
being nmonitored. That is exactly what a principa
conmponent anal ysi s does.

The result of this principal component
analysis is a plot that is called a process
fingerprint. It represents a typical batch track
The next step is to define the ideal track, which
is the so-called "golden" track. By following this
track, the required endproduct quality can be
achi eved.

The next step is to determ ne the maxi mum

acceptabl e tol erance to achieve the required
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endproduct quality. That is this tunnel, which can
be cal cul ated based on good batches. This is a

ki nd of standard deviation that we will allow
around the process track.

This is a great tool for helping to define
if the process is running consistently. Also, if
sudden process di sturbances occur, it is a fast
detection tool that helps to avoid | asting inpact
of those disturbances.

Shown here in the middle of this chart is
where we had a di sturbance due to an oxygen
depl eti on when an oxygen val ve was bl ocked.

[Slide.]

Now we have the PAT road map
i mpl ementation stages for the inplenentation of
PAT. It consists of three major steps. First, is
the measuring part including nonitoring and process
under standi ng. The second one is the controls, and
the third is optimnzation

Along with these three steps we have sone
parall el tracks. One is know edge and change
managenment, another is the validation aspect, and
the third, the people and organizational issues.
Because the introduction of this PAT solution wll

cause a lot of changes in the organi zation, people
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have to nake decisions differently.

For exanple, the decision on hol ding or
rel easing product will be nmade on the manufacturing
floor and no longer in the |aboratory. Thi s means
that the work processes of the organization nust be
real i gned

We start first with risk assessnment on
product quality and on the process, so to determ ne
the required product quality and assess the process
to determ ne which process paraneters are the
rel evant ones to track

The third part is the anal yzer assessnent,
finding out which analyzer is npbst appropriate for
the type of process and what information is needed
fromthat analyzer. Once all of that information is
collected, a multivariate data analysis is
conducted. This focuses on finding the
rel ati onshi ps between product quality and process
par ameters

Based on that, you can then begin the
desi gn of experinments. The PAT solution will then
begin to help to determ ne which are the good
bat ches and isolate the "gol den" batch.

The next step is then control. Here, we

can nodify control paranmeters if the process goes
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183
off track, and we can get an understandi ng of the
i deal process control strategy. Wen the process
is running off track, other techniques can be used
to get the process under control again, and we can
i mprove process know edge with the application of
an iterative learning control strategy.

During all these different steps, we are
collecting a lot of information - process behavior,
process capabilities, process quality, et cetera.

This data can then be used to further
optinize the process meani ng we can further
optim ze the "gol den" process track, perhaps the
processing tinme can be shortened, inproving
efficiency of equipnent utilization, or the process
can be optimzed to use fewer resources and stil
achi eve the required final endproduct quality.

I'n conclusion, the use of these PAT
technol ogies will become part of an ongoi ng
strategy of continuous process inprovenent.

Thank you for your attention.

DR KIBBE: Quick questions, anyone?

DR SI NGPURWALLA:  Your second slide said
somet hi ng about production rel ease of
pharmaceutical s without final tests.

MR, LOGAN: Yes.
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DR, SI NGPURWALLA: Are you serious about
that ?

MR LOGAN: | will have to begin by
answering that | amreally here as a spokesperson
for our technical people, but as | understand it,
that is the ultimate end goal that they are
attenpting to achieve, and they are seriously
pursuing it with the end users that we are trying
to work wth.

DR, SI NGPURWALLA: Maybe that needs a
point of clarification. You don't want to test,
you cannot test every product because if you tested
it, you couldn't sell it. When | buy a pill, it is
presumably not tested, but then you still want to
sanpl e even t hough you use PAT techniques at the
end, you do want to sanple.

Here is an anal ogy. Suppose you are
buil ding an airplane engine, it has got many parts.
You test each part. There is no guarantee that when
you put it all together, the engine will function
So, you still need to do testing at the end to nmake
sure that nothing has been overl ooked. No? Wy is
that ?

DR KIBBE: | will allow your colleague to

respond. We will let you off the hook
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Anybody el se have anyt hi ng?

[ No response. ]

DR KIBBE: Thank you very nuch.

Qur | ast speaker during the open public
hearing is soneone from Laboratory |nstrunmentation
Scientist, Foss-N RSystens, Robert Mattes.

MR. MATTES: Thank you. | am Robert
Mat t es.

I would Iike to talk to you today about
near infrared spectroscopy as possibly one of these
anal ytic tools that would help in the tool box for
PAT, and by denonstrating sone of our experiences
in PAT so far as we have inpl enented sone
techniques in the tableting arena.

[Slide.]

The near infrared, just so everybody
knows, is the region between the visible and the
md-1R and it |ooks at overtones of the
fundanmental absorptions in the md-IR

[Slide.]

One of the things that we have done for
years using near infrared has been the inspection
of incomng raw materials, and we can neasure them
for identification and qualification of those

materials, so that you are making sure that you
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have the right materials going into a process
fernmentation cell before starting a reaction

One of the things we al so have had a | ot
of experience in and has been inplemented in
manuf acturi ng environments i s measuremnent of
nmoi sture content and |yophilized product. | am
going to show sone data from each of those

[Slide.]

I have a simlar chart to the | ast speaker
here that shows, first of all, the typical types of
monitoring that we do real time In a process
reactor for tenperature, pH, oxygen |evel, you
know, and you are controlling the tenperature and
spargi ng and pH | evel

Wth the near-infrared probe al so
introduced directly into the process reactor, we
are able to neasure anal ytes, ami no acids, glucose
| evel s, feedstock levels in that process reactor
real tine, which helps the nanufacturing people a
great deal

We haven't actually installed this in, in
research | aboratories and plants so far

So, if you are looking at the raw
materials that we have now identified and qualified

bei ng brought into the bioreactor, then, we are
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moni toring the anal ytes and can real -tinme adjust pH
or nutrient levels, and so forth, according to the
data that we get.

As the product comes out, we can neasure
the mpoisture content as the product is being dried
and possibly lyophilized. This can also lead to
control feedback for process inprovenent through
statistical process control charts, and so forth,
as previ ous people have nenti oned.

[Slide.]

Here are some of the organisms that we
have worked with, Escherichia coli, products |ike
you see on the list there, and the bi omass al so.
Wth one spectrumthat you take in the near
infrared, you can analyze nultiple conponents
i nstantaneously with the sanme spectrum

In fact, we are working on one experi nent
right now where we are | ooking at 28 different
anal ytes including all the am no acids, glucose,
glutamate, lactate, and so forth. Really, your
requirenents are not limted in that sense

[Slide.]

Here is an exanmple of a process, the raw
near-infrared spectra of a process as it

progresses. As biomass increases the y axis
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spectra or the absorbance of the spectra increases,
as you can see here.

[Slide.]

You see these two nmmj or peaks are the
wat er bands in the near infrared. It is not
terribly informative in that form W usually take
the second derivative of the spectra, which
enhances the resolution and enhances the peak
separ ati ons.

In the top set of spectra here, we see one
anal yte progressing with tine, and it is increasing
in a dowward direction because of that second
derivative that we have taken. |In the |ower set of
spectra, we see where different analytes are
appearing within a process.

[Slide.]

The colors on the charts are backwards in
the overhead here, but | have corrected themin
your handout, | am sorry about that, but the
bi omass should be in red as you will see it
increasing with time in the process, and the
gl ycerol content was decreasing there.

So, you can see using those spectra, you
can predict and neasure the |l evels of different

anal ytes and trend themwith tinme rather than
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waiting for a week or nmore sonetines, waiting for
the wet chenmistry to come back on a process that
you are runni ng presently.

[Slide.]

Here are some of the types of things and
the types of error in precision that we have been
able to develop. At-line, we are talking about
using a peristaltic punp that punps out of the
reactor and back in again. In-line, we are talking
about actually having it pulled right in the
reactor, which is the type of work |I have been
wor ki ng on nost recently with sone of our
cust oners.

[Slide.]

One of the things that has been reported
recently in biotechnol ogy and bi oengi neering by a
group that worked at Strathclyde University in the
UK was CHO cell fermentation, which is a very big
topic right now

They used a small, 2-liter bioreactor
simlar to the one you saw in a previous |lecture
there, and they were nonitoring glucose, glutanmne,
| actate, and ammoni a.

[Slide.]

This is nore like the work that | was
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doi ng nost presently with about a 100-liter
bi oreactor with a direct fernenter interface, using
standard Ingold port. W are putting our probe
right into the sterile environment. The probe can
be sterilized right in the environnment.

As | say, we simultaneously can get
results in less than one nminute of up to 28
anal ytes. Previously, we have to have devel oped
the nodel for each one of those. The
ti me-consuming part is upfront on the analysis
rather than the real-tinme usually used in wet
chemi stry.

This then can be turned into nonitoring
and cl osed-1oop control, adding feed or whatever,
changi ng glucose levels real-tinme autonmatically,
but certainly in the nearest future, will help the
peopl e to know when the | evels have changed to a
serious level within a reactor real-tine.

[Slide.]

Here is the results of that particular
experinment with the CHO cells. You can see the
preci sions and ranges that were used in that
experinment with anmoni a, glucose, l|lactate, and
gl ut am ne.

[Slide.]
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Here is an exanple of nonitoring
| yophilized product. You mentioned earlier that
not every sanple can be neasured or woul d be
destroyed. In this case, we can, we actually
non-i nvasi vel y, non-destructively measure right
through the bottomof the |yophilized bottle, and
we can predict the noisture content. So, there is
a possibility of 100 percent measurement in this
case.

You see this band, the | argest band there
is the water band. Again, it's the second
derivative, so it is increasing in downward
direction. The driest bottle would be the red |line
that is up at the top.

[Slide.]

Some of the benefits for the PAT
initiative in the biotech area. It gives a
real -tine analysis of sterile environnents. You
don't have to constantly be taking sanples out that
could lead to problems with sterility and asepsis
and al so the possibility of closed-|oop feedback
process control

It is not invasive and can add to the
process optim zation, as people spoke of earlier,

wast e reduction, and better understandi ng of your
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process, so that they can create safer and
i nproved, nore consistent product.

Thank you. Are there any questions?

DR. KIBBE: Questions?

DR. SI NGPURWALLA: This is very
interesting. So, this is a non-invasive nethod of
| ooki ng at some particular unit, but then do you
have a tenplate for what would be a nornmal unit,
and how do you conpare these tenpl ates?

Suppose you have a tenpl ate which says

this is what the spectrum of a proper product

shoul d be, and then you get a defective, how do you

say this is defective?

MR. MATTES: \What you are tal king about is

a qualitative analysis before predicting the sanple

quantitatively? Yes, we can build libraries, and
have done quite a bit of work like this recently.

You want to build a library of what
qual i fied good sanpl es of spectra should | ook Iike,
and if it doesn't conformto those criteria,
statistical criteria that you have devel oped in
your library, it gives you sone sort of indication,
or it will not give you a prediction as such, so
you won't be predicting on the wong type of

spectrum
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DR, SI NGPURWALLA:  What you need is a
tenpl at e whi ch nmeasures the spectrum of a good
product versus the spectrum of a defective product
and the criteria for seeing how diverse those two
are, because, you know, a little diversity, you
cannot say it's bad or good, but you need proper
criteria to say that this is very diverse, and
don't know if you have that, but it is interesting.

MR MATTES: Yes. W use statistica
criteria in our library nodel devel opnents, and we
can use bad sanples as reject sets, so we can test
both positive and negative sets, and it is
basically, to use the sinplest example, if you had
normal distributions of 3-sigma outlier or you
choose sone nunber of standard deviations fromthe
mean- centered spectrum of this acceptable
popul ati on.

DR KIBBE: Anybody el se?

DR. COONEY: An extension of the previous
question. You are using the sensor to nmeasure
mul ti ple conponents in variable and conpl ex
systens. To what extent do you have to go back and
redevel op the algorithmfor each systemfor the
conponents versus being able to use standard

wavel engths or a tenplate, as was asked, that you
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can apply across different processes?

MR. MATTES: Well, each unique process
really needs the nodel devel opnent done for that
process, so this, as | say, is the upfront
ti me-consumng portion of this nodel devel oprent,
but you sinultaneously are |ooking at all the
variance caused by all the different constituents
or analytes in the matrix of your fernmentation

So you need many sanpl es, reference
sanples, to help you be able to do this, because
you are going to have so many degrees of freedom
you need nore sanpl es.

DR KIBBE: Thank you. The table at the
back end is just references?

MR MATTES: Yes, it is just a
bi bl i ography that has some references including the
work that Strathclyde University did on the CHO
cell manmmalian culture

DR KIBBE: Geat. Thank you very nuch.

Now we are back to the PAT Applications
for Products in the Ofice of Biotechnol ogy
Products, and we are going to start off with Keith
Webber. Keith is here ready to | ead the charge.

PAT Applications for Products in the

O fice of Biotechnol ogy Products
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Overvi ew and | ssues
DR. WEBBER: Good afternoon. | amKeith
Webber and | would like to thank the commttee for
taking the tine today to participate and listen to
the issues surrounding our desire to inplenent PAT
technol ogies for the products in the Ofice of
Bi ot echnol ogy Products.

As Ajaz nentioned this norning, the PAT
gui dance specifically excluded the biotech
products, that are regulated in our office, from
its scope.

To sone extent, this was to expedite the
publication of the docunent and al so the training
and qualification programfor inspectors and
reviewers, but as he also said, it is a technol ogy
that is certainly anmenable to any manufacturing
process, so there is not inherently any reason why
we couldn't inplenent it with these products if we
have the technol ogi es and the information and
under st andi ng avail abl e.

[Slide.]

Now, this afternoon, just to give you a
brief overview of the agenda here, | amgoing to
give an overview basically of the biotech products

and the manufacturing processes for the products
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that are regulated in our office, and then Dr.
Joneckis fromCBER will give a brief overview
related to some of the products that are regul ated
in CBER

After that, two nenbers of the committee,
Dr. Cooney and Dr. Koch, will give presentations to
descri be some of the issues, as well as sone of the
opportunities available in the area of fernmentation
and bi ol ogi cal manufacturi ng.

That will be followed by Dr. Layloff, who
will give a brief overview of the viewin this area
with regard to the PAT Subcomittee which he
chaired when it was active.

Afterwards, we will put up sone questions
to stinmulate discussion. | certainly hope that we
will get a good anount of discussion fromthe
committee with regard to this exciting area of
manuf act uri ng.

[Slide.]

The bi ol ogi cal products as a class include
all the products listed here, which were originally
regulated in CBER There was a reorgani zation back
in 2003 that moved the reconbi nant DNA-derived
proteins, or many of them | should say, to the

newly fornmed OFfice of Biotechnol ogy Products
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within the Ofice of Pharnaceutical Sciences in
CDER.

Essentially, those are the products that
am going to be focusing on today. Dr. Joneckis nmay
have coments on the other products, as well, or
the reconbi nant DNA products that are stil
remai ning i n CBER

[Slide.]

This is in terns of sort of a review

[Slide.]

There are essentially two aspects of
process anal ytical technol ogies. One requirenent
is that you have to have the ability to monitor the
critical product characteristics that are needed
for the product's function, or, if it is an
intermedi ate in manufacturing, you need to be able
to know what characteristics are inportant for
being able to nove it forward in nmanufacturing to
the next step.

Now, alternatively, there may be
surrogates as opposed to direct product quality
attributes that one can use to nmake deci sions.
This nonitoring, as has been mentioned a nunber of
times here, will optimally be done on-line, but at

this point, | think to a large extent, nmany of the
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nmonitoring is done off-line, so this is sonething
we | ook for in the future.

Secondly, one has to be able to nonitor
and nodul ate the critical process paraneters to be
able to guide the product quality attributes and
quality characteristics during the nanufacturing
process.

It is probably worth nentioning two other
requirenents that may be self-evident, but are
certainly not trivial, that is, that you need to
know the critical characteristics of the product in
the first place that are inportant for its function
or that need to be obtained to get to the next step
i n manuf act uri ng.

You al so need to know how t hese
characteristics can be nodified and mani pul at ed by
the manuf acturing process paraneters thensel ves.
That is one area that is really dependent upon
industry to determ ne during their period of
product devel opnent and gai ning a thorough
under st andi ng of their product and their process.

[Slide.]

This is really part of a cone-down version
of process anal ytical technologies, but | think has

nmost of the inportant aspects with regard to the
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manufacturing elenment itself. One has a process,
unit operation, one is nonitoring the process
characteristics or process paraneters, as well as,
if possible, the product characteristics during the
process.

You gather this data, evaluate it, and
then make deci sions, so that one can adjust the
process to ensure that the product that is com ng
out of that process is going to have the
appropriate characteristics that are desirable.

[Slide.]

This is just a brief overview, which we
have seen already in one of the earlier
presentations, of the vari ous
bi ot echnol ogy processes that are utilized. This
isn't all-inclusive, but are the najor ones.

You have fernentations, harvesting from
the fernmenter. You have product capture fromthat
harvest. Concentration is usually a step that goes
on after, and nmay be a part of product capture.

There are filtrations that are done often,
al nrost al ways chronat ography of sonme sort, nmany
times nmultiple steps. There is formulation
process, and if the products are |yophilized

products, you then have |yophilization process at
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t he end.

I didn't cover filling operations, but
those are certainly anenable to PAT, as well

[Slide.]

Now, what are the characteristics of the
bi otech APIs that are generally considered to be
critical quality attributes? Certainly, the
primary am no acid sequence is critical to the
proper functioning of the product, however, this is
a characteristic that is relatively invariant, |
woul d say, once you get into the manufacturing
area, and it is established at the master cell bank
stage or the working cell bank stage, so it is
usual Iy not | ooked at on a lot-to-lot basis.

The secondary structure pertains to the
| ocal interactions between the ami no acid residues
to produce a structure, such as the al pha helix,
the pink you see in the front, and the beta pl eated
sheets that you see in the back, in yellow

The secondary structure is really very
inmportant to the protein because these are the
structures that serve as the building blocks to
produce enzymatically active sites or the binding
sites for protein.

[Slide.]
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They come together, as | nentioned, to
formtertiary structures. This is illustrated here
inthis figure by a nodel of an anti body FAV
fragment. You can see that this is purely beta
pl eated sheet, and these tertiary structures form
to formthe binding sites of the antibody itself.

The next |evel of conplexity that is
characteristic of some proteins is the assenbly of
i ndependent protein nolecules into nultineric
quaternary structures. Such structures assenbl e
post-translationally and they are generally held
together by either ionic or hydrophobic
i nteractions between the independent subunits.

[Slide.]

The last, but not least certainly, of the
APl characteristics that | amgoing to tal k about
today are the post-transl ational nodifications.

@ ycosylation is probably one of the nost common
post-translational nodifications that is of concern
with proteins, particularly those that are made in
the eukaryotic cells.

It isillustrated in this figure by the
sugar chains that are in the center of the Fc
fragnment of an anti body nol ecul e.

G ycosyl ation patterns and structures are
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hi ghly variable in proteins fromone product to the
next, and they can be significantly altered, as
mentioned earlier, by the fernentation conditions
that occur during cell growth and fernentation

The other nodifications that are seen in
proteins include the proteolytic cleavages that can
ei ther be caused by endoprotei nases that chew away
at one end of the nol ecul e or exoproteinases--1 am
sorry, endoproteinases that eat the middl e--may be
produci ng the final product as a necessary activity
to get the product you want, or the exoproteinases
whi ch eat away at the end of the protein and coul d
produce degradati on products during the
manuf act uri ng process.

There also is often or sonetinmes you see
acyl ations and sul fations, and many ot her
post-translational nodifications that | really
won' t describe here.

[Slide.]

Now, |eaving APl on its own and | ooki ng at
the product characteristics thensel ves, which
really then you get into the whole inmpurity profile
of the product and excipients that may be present.

Inmpurities fall into two categories, the

process-related inpurities, which are nedia
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conmponents conming fromthe fernentati on process,
host cell proteins that would come fromthe
expression system and then | eachates, which cone
fromcolums or containers that are used to store
the product during processing.

Then, al so, you have product-rel ated
impurities, which are perhaps truncations of the
mol ecul es or m sfol ded nol ecul es or aggregates of
the product, which can occur during storage or even
duri ng manuf act uri ng.

[Slide.]

Now, | would like to discuss briefly sone
of the analytical nethods that are used currently
to |l ook at these factors for biotech products or
these characteristics of bhiotech products.

As was nentioned earlier, the primary
structure is really sonething that is not |ooked on
at a lot-to-lot basis unless in particul ar cases,
you might have, as | nentioned, a cleavage of a
protein that is part of the nmanufacturing process.
In those cases, then, one generally does | ook at
the primary structure, not necessarily with
sequenci ng, but just to denonstrate that cl eavage
has occurred appropriately.

One area that | also would note here, for
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products that are patient-specific products, for
exanpl e, antibodies that are used for treating
B-cel|l |ynphonas where each individual patient gets
a unique product. There is an area where the
primary structure would certainly be critical to

| ook at as an identity test, if nothing else, prior
to giving a product to the patients.

[Slide.]

The secondary structure is somewhat nore
difficult to evaluate, and that is because there is
a limted nunber of direct techniques. The ones
that are primarily used are circular dichroi smand
NVR at this point.

Al so, another conplicating factor for
proteins is that nost proteins have nultiple
secondary structures in them For antibodies, it
is alnmost all beta-pleated sheet, but other
proteins, you have a mixture, so you need to have a
met hod that will be able either to distill out the
critical values for that protein or can | ook at the
i ndi vi dual secondary structures separately.

One other conplicating factor for this
with regard to an in-process control, which we
hopefully will be able to overconme at sonme point,

is they need relatively pure material to | ook at
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secondary structures in a protein.

[Slide.]

Now, | grouped the tertiary and quaternary
structures together because they are both high
order structures and are anenable to a simlar set
of anal ytical tools.

The functional assays, such as in-vitro
pot ency assays, can directly measure the
therapeutic--or | shouldn't say the
therapeutic--but the activity of the product
itself, so it is sem -looked upon as a surrogate,
but actually, it is a nmeasure usually of the direct
activity, but it requires, of course, the
product -specific reagents to do that.

This is also true of the i munoassays.
You can get a direct picture of the structure of
the protein if you have antibodies that will bind
to 3-dinensional epitopes that are relevant to the
tertiary or quaternary structure, but again you
need to have product-specific reagents to do that.

Peptide mapping is a val uable nmethod for
| ooking at the disulfide bonds to make sure that
they are mapped, that they are formng
appropriately.

Si ze- excl usi on chromat ography is a
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relatively insensitive nethod for |ooking at
tertiary structure, but in sone cases, you can use
it to separate nononeric fromnmultinmeric forns of
the protein, so that can be a very usefu

t echni que.

Hydr ophobi c-interaction chromat ography is
actually a very good nethod because it |ooks at the
surface charges and surface characteristics of the
protein and can be used to very sensitively detect
either msfolded proteins or proteins that are not
associated with their other nmononers appropriately.

[Slide.]

For post-translational nodifications, this
is probably the nost variable characteristic of the
protein, as | nentioned before, and anal yses of
these usually requires a highly purified protein
and sone rather sophisticated nethodol ogi es, for
exanpl e, enzymatic cl eavage and anal ysis of the
am no-| i nked oligosaccharide protein, however,
recently, the mass spec and NMR have al |l owed direct
anal ysis of post-translational nodifications in
intact proteins, which is an up and com ng
t echni que.

Pepti de mapping can al so pinpoint the

| ocation of the nmodification within the protein
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sequence, which is very useful for characterization
of the product.

I munoassays and the functional assays can
be used for nore inpure proteins because they are a
little bit nore specific for your product, however,
the functional assays are often not very sensitive
to protein nodification itself unless there is a
specific nodification that is really critical to
the activity.

[Slide.]

So, to summari ze, inherent chall enges that
we see to inplenenting PAT for biotech products at
this point are that the biotech products are
generally | arge and conpl ex pleiotropic nol ecul es.

They are conposed usually of a m xture of
post-transl ati onal nodifications, they have
multiple active sites. Some of those are
honol ogous |ike two binding sites antibody, or they
can be heterol ogous where you have different active
sites doing different functions on the same
protein.

The activities are dependent upon the
compl ex, folded conformations of a protein, and
proteins are al so susceptible to nultiple

degradative events, so you need to | ook at a | ot of
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different aspects of a protein during
manuf acturing. As | mentioned before, these
i nclude the proteolysis, aggregation, m sfolding,
oxi dation, deam dation, just to name sone of those
that we know of.

[Slide.]

O course, when you are considering the
factors involved in protein structure or actually
any product, you need to consider the purity,
pot ency, and the strength, of course, but also the
i mpact that those changes or nodifications or
variabilities to the protein would have on the
phar macoki neti cs, the pharnmacodynanics, and the
i mmunogeni city of the product.

That is delving nore into the area of the
product devel opnent stage of pharnmaceutica
devel opnment as opposed to manufacturing itself, but
surely, that is one of the early bits of
informati on that one needs to have, we need to
gat her.

[Slide.]

Now, | would like to talk briefly about a
few of the manufacturing processes that have been
touched on before and what the current state of

moni tor and control are.
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For fernmentation processes, generally, one

can nonitor and control the agitation rate, the pH
the ionic strength of the nedia, the tenperature,
di ssol ved gases, nedi a conponents, and by being
able to nmonitor and control those, you can then
control the growh rate and the expression rate
usual Iy of your product.

This is an area where process anal yti cal
technol ogy, we will probably see it devel oped
early, because one has that control over sone of
the aspects of the process.

As we have heard before, there are nethods
now avail able for detecting or nonitoring the
bi omass and bi oburden through using rapid
bi ol ogi cal nethods, rapid m crobiol ogi cal nmethods
for sterility testing. Generally, one nonitors the
product by |ight absorbance, for exanple, protein
concentration to A280.

[Slide.]

Movi ng on to chromat ographi ¢ processes,
this is again the sane format. You can nonitor and
control your pH of the effluent or the liquid
phase, ionic strength, flowrate, tenperature, and
vol unme, and of value here, which isn't exactly laid

out, though, is that because you can control the
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vol ume and nonitor the |ight absorbance, one can
then control the conposition to sone extent of the
fractions that you collect out of that, fromthat
col um.

That is currently being done although it
is really looking just at the protein
concentration, one usually doesn't know except by
doi ng previous experinments, to know what is in each
of the fractions that you collect.

[Slide.]

Filtration processes. This includes both
dead-end filtrations for renmoval of bacteria and
viruses, as well as the ultra-filtration for
sel ectively renoving | ower and hi gher nol ecul ar
species froma product.

In nost cases, one can nonitor and contro
the tenperature and flow rate, the back pressure,
and the volunme of the filtrate, although you
usually can't do all those independently because
they are inter-rel ated.

Agai n, we have seen before the protein
concentration is nonitored by |ight absorbance and
the bioburden is, at this point, generally
nmonitored of f-l1ine, but soon could be nonitored

on-1line.
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Dead-end filtration is usually a
fl owthrough process and that generally allows
little control over the product characteristics
t hensel ves other than the renoval of the materia
which is filtered out.

Utra-filtration, on the other hand, can
be a much nore dynami c process, and that nmay all ow
more control over the conposition of the product.
For exanple, ultra-filtration is often used for
formul ati on of biotech products.

[Slide.]

It was discussed a little bit earlier, the
| yophilization process, and this one may be
currently the nost close to being a process
anal ytical technology. |In the Iyophilizer, you can
moni tor and control the shelf tenperature and the
product tenperature, the chanber pressure, the
condenser tenperature, the pressure, and tine in
the |yophilizer.

The ability to monitor and control these
paraneters allows you to control the freezing rate
and the drying rate, and the noisture content, al
of which directly affect the physical quality of
the final product, which really is what we are

shooting for in process anal ytical technol ogies.
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Al t hough you have to have a product with
an acceptabl e conmposition going into the
| yophi lizer, the physical characteristics of the
product that cones out will play an inportant role
in the stability and the activity of the product

that goes to the patient.

[Slide.]
Finally, you will see these questions
again at the end of our session, but | just want to

i ntroduce them now, because these are points that
we would like to initiate discussion wth.

What technol ogies are available now to

eval uate the characteristics of protein products in

real tinme during manufacturing, or to speed things
along with an off-line test which is faster, is
val uabl e to know, as well.

What tools would allow us to understand
the manufacturing process better?

What processes in biological drug
manuf act uri ng woul d benefit the nost from
i npl ementation of PAT? Essentially, where are we
going to get the nost bang for our buck, as has
been sai d before.

For processes or products that do not

currently allow direct product quality nonitoring,
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what ot her strategies would you, as a conmittee,
recomrend for product quality control in addition
to control of the in-process paraneters?

Finally, what additional elenents should
be incorporated in a training and certification
program for reviewers and i nspectors of
bi ot echnol ogy PAT applications?

Thank you.

DR KIBBE: Does anybody have any
questions? It mght be a good idea for us to go
ahead and get at |east the next speaker through the
process, and | think it mght be useful for the
committee to be able to take a break then, so
don't know how that does to your continuity, but it
woul d be hel pful for us.

DR. JONECKI S: Thank you and good
afternoon. | am Chris Joneckis. | amthe Senior
Advi ser for CMC Issues in CBER Ofice of the
Director.

I amjust going to briefly describe CBER s
perspective on process anal ytical technol ogies for
t he bi ot echnol ogy and bi ol ogi cal products that CBER
currently regul ates.

[Slide.]

CBER regul ates a wi de variety of products,
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as shown in these slides, the najority of the mgjor
product cl asses shown here. They include a w de
vari ety of biological and biotechnol ogy products,
di agnostic and processing devices, cells, and even
chemical entities that are clearly derived froma
vari ety of sources and manufactured using a w de
variety of techniques.

My conmmrents today will predom nantly focus
on the experience that we have gained with the nore
tradi tional biologics and sone of the newer
reconbi nant products that are produced fromliving
organi sns and are typically extracted and further
nmodi fied, purified, and, for example, fill for
distribution follow ng sonme of the exanpl es that
Keith provided in the manufacturing process.

For many of these products, nobst actually,
product contam nation with adventitious agents from
a variety of sources is of primary concern, and
nmost of these products are again aseptically
pr ocessed.

It is inportant to point out also that
there are reconbi nant products not just in the
bl ood derivative class for the reconbi nant
anal ogues that CBER regul ates, but also in a

variety of other classes including allergenic
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extracts, prophylactic and therapeutic vacci nes.
They are al so used in the manufacture of various
cellular therapies and in sonme ot her product
cl asses not shown here.

CBER s approach to technol ogy in genera
is also applicable to other product classes, and
many of the comments on PAT that | will nmake today
will be applicable to those.

[Slide.]

Hi storically, CBER s approach to
controlling the process can clearly be sumred up by
the mantra, if you will, that, "The process is the
product . "

There has been a long historical enphasis
i n understandi ng the product and a | ong enphasis on
under standi ng and control ling that nanufacturing
process. This clearly requires, not just an
under st andi ng of the process and the product, but
the interaction of those two, how the process
results in the product.

The nature of many of the traditiona
bi ol ogi cs influenced this approach. Many of these
wer e conpl ex het erogeneous products susceptible to
a variety of variability produced al nost

exclusively fromliving sources or living sources
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t hensel ves.

The conpl ex m xtures, coupled with
insufficient analytical technol ogies, made it very
difficult to detect all the active conponents or
materials, in fact, that can influence the activity
of the active components.

This necessitated a very strict control of
the manuf acturing process to reproducibly result in
the desired product with the appropriate safety and
efficacy profile.

Recent advances in analytical technol ogy
and enhanced manufacturing processes often result
in better defined products, aiding in a greater
assurance of producing products with the desired
characteristics.

Manuf acturing is beneficial to inplenent
these newer technol ogi es and i nproved approaches to
better control processes and denpnstrate that
products can be consistently manufactured. That
was clearly shown in nmany of the recently derived
bi ot echnol ogy and bi ol ogi cal products.

[Slide.]

An overal |l approach that we have foll owed
at CBER has been that we have al ways encouraged the

application of technol ogies and concepts to the
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manuf acturing and testing of products.

Again, we have lived with devel opi ng
technol ogi es throughout its history, and have
appl i ed those to nanufacturing and testing of
various products. W are actively involved in the
devel opment and application of these new
t echnol ogi es.

Agai n, historically, we have devel oped and
appl i ed technol ogi es appropriate to specific
manufacturing and testing i ssues. W continue to
be actively engaged in devel opi ng and appl yi ng
t hese technol ogi es.

For exanple, the conversion of ol der
technol ogi cal | y- based assays, such as ani rmal - based
assays and cel | -based assays to newer anal ytica
met hods, actively involved again in devel opment and
appl i cation of proteonom cs and genonic
technol ogi es to issues, such as product
characterization and adventitious agent detection

This large | aboratory conponent assists us
i n mai ntaining our know edge base for discussions
in applying these new technol ogi es.

We clearly partner with manufacturers in
devel opi ng and i npl ementi ng new t echnol ogi es and

concepts. As | have indicated, we have had to live
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wi t h devel opi ng technol ogy throughout history.

It is through these interactions with the
manuf acturers in both devel opnent and in
post - approval phases that allowed the advancenent
and devel opnent and introduction of new
technol ogi es or appropriate manufacturing
processes.

| ssues are addressed, validation issues,
for exanple, and other types of issues about
under standi ng this new technol ogy are addressed
t hroughout the devel opment process, the
post - approval process, on review and inspection, as
well as in review of applications.

[Slide.]

The approach to process control that CBER
has enphasi zed i s best described as a conprehensive
Iife-cycle approach to validate this process and
spans the life cycle of that product.

Thi s approach relies on devel opi ng an
under st andi ng of the process and product. Use of
know edge gai ned can be applied throughout the life
cycle and typically is.

In addition to CBER s perspective, this
conpr ehensi ve approach was |argely influenced

through interactions with nmanufacturers of
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bi ol ogi cs and bi ot echnol ogy products, incorporated
concepts and approaches often used in manufacturing
i ndustries.

It enphasi zes identification and contro
of critical unit operations and process vari abl es
to product internediates, resulting in a product

with acceptable quality attributes.

Sone of the el enents are shown here. They

are famliar | amsure to many of you. They al so,
I shoul d point out, overlap with many of the
fundament al underlying principles necessary to

i npl ement many of the PAT applications.

[Slide.]

As a result, over time, there have been
many PAT-1i ke applications of technology to
manuf acturing and testing. For exanple, as Keith
had i ndi cated, there are many exanpl es of continua
on-line nmonitoring of critical process attributes
often with real -tinme feedback nechani sns that may
be comput er assisted.

Wthin the defined paraneters fromthe
val idation studies and such there is also sone
flexible control within those paraneters, so one is
not necessarily fixed to certain endpoints if the

appropriate validation characteristics support a
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range within which one can operate.

We have been involved with application of
on-line analysis of various internedi ates and
product attributes, as well as facility systens.
Sone exanpl es are indicated here.

We have approved several years ago an
on-line nmeasure of a critical physical-chem ca
quality intermediate for a naturally-derived
product. W have entertained discussions, again
several years ago, on neasuring through a
non- destructive method the noisture content of
final filled containers. W have approved
appropri ate physical property for changing
| yophilization conditions in |yophilizers.

CBER regul ates and reviews major facility
changes. W approve nunerous suppl enents that
described on-line applications of water systens
when conductivity neasurenents were substituted for
the wet chemistry nmeasurenments in water systens.

Most importantly, we have recently
approved microbial nethods for two applications.
Rapi d mi crobial nethods are very concerned
especially to or for our cellular products, and for
those products where they cannot be held or stored

prior to the release of the sterility testing
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results, so inplenenting nethods that have all owed
for a rapid turnaround to determ ne whether the
products are sterile or not has provided great
increase in the assurance of the quality of that
product .

I should point out that that |ast nethod
is not an on-line nethod, but is an off-line
met hod.

[Slide.]

There are clearly potential applications
for new manufacturing and testing technol ogi es that
have been di scussed. Many of those advantages for
PAT have been described and are probably known nuch
better to you all than to ne.

I think sone of the best applications
woul d be if one could use those in terms of
defining product or internediate quality
characteristics. Unfortunately, that provides the
nmost chal l enge and at present, | think there are
some great limtations to doing that in an on-Iline
f ashi on.

I mredi ate applications | think may be nore
likely in terms of drug product manufacturing,
measuring of nore single types of process or other

very select quality attributes
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Sone of the challenges | think that we
face at CBER is that we still have, in contrast to
some of the nore purified and defined reconbi nant
products, a |arge amount of conpl ex and
het er ogeneous products. Al of the issues that
Keith di scussed about the identity, purity, and
conposition of these products is in many cases
magni fi ed when one has a conpl ex and het er ogeneous
product .

Again, | think that leads to the ability
that it may be difficult to know froma multifactor
anal ysis the heterogeneous m xture, what actually
that relationship is.

Agai n, manufacturing unit operations in
bi ol ogi cal and bi ot echnol ogy products often perform
mul tiple functions. Again, the ability to neasure
all inmportant product quality characteristics in a
conti nuous node fromany of those functions, |
think is going to be very chall engi ng.

For CBER, we have the devel opnent of new
products, not just products within a class, but
agai n conpl etely new products, gene therapy,

t herapeutic vaccines, as well as cellular products.

[Slide.]

Just in sumary, | think it is stil
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i nportant at CBER that we understand and enphasi ze,
under st andi ng both the product and the process,
clearly integral to the devel opnent and manufacture
of bi otechnol ogy and bi ol ogi cal products.

The conprehensive, life-cycle approach to
process validation remmins integral to the
consi stent manufacture of these products.
Validation is still a regulatory requirenent and
when conducted in a conprehensive |ife-cycle
manner, has provi ded great assurance that the
process will consistently produce that desired
product .

That has been nobst readily seen at CBER
when products that were approved prior to
val i dation being a regulatory requirenent,
validated their process. They had potential
savi ngs both from econom ¢ and public health
perspectives.

W see PAT nore as an extension of the
exi sting process understandi ng the manufacturing
control paradigm | think clearly, PAT has
potential applications for biotechnol ogy and
bi ol ogi cal manufacturing processes especially if it
can nonitor again internediate quality attributes

and provide greater assurance of that product
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quality.

We will continue to partner with
manuf acturers of existing and new products to
facilitate inplenenting any type of new technol ogy
and concepts, including those that can enhance the
know edge and control of the manufacturing process.

Thank you.

DR. KIBBE: Does anybody have any
questions for Chris? Go ahead.

DR. COONEY: One of the particul ar
chal  enges for the class of products you are
dealing with are viruses, viral contam nation

How do you see sone of the issues of
detection and validation of viral renoval being
advanced by PAT?

DR JONECKIS: That is an interesting
question. Currently, | guess, for the conmttee's
benefit, nost people do chall enge or clearance
studies, usually snmall scale, representative of the
| arger scal e manufacturing process.

In terns of detection, again, as
mentioned earlier, there are efforts underway to do
genoni ¢ and proteom c screenings for potenti al
contam nants within products at various appropriate

stages in addition to the current various |evels of
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safety that are provided

| suppose theoretically if one could with
the increased sensitivity of certain nethods, one
may be able to do nore on-line nonitoring, if you
woul d, again at early or appropriate stages to
actually see if there is any type of potenti al
viral materials present.

One could potentially in theory, depending
upon how nuch is present, again, sensitivity of
your nethods, actually nmeasure on-line for the
various steps, present of type Cretrovira
particles, CHO derived products, and things of that
nat ure.

Simlarly, you know, it has been done for
measuring DNA and other types of materials when it
is there in a large anount in early purification
steps, given the sensitivity of the assay, one can
measure those on-line in addition to whatever nodel
studi es are done to provide additional assurance
that your nodel truly reflects what is occurring

DR KIBBE: Anyone el se?

Seei ng none, | amgoing to take the
prerogative of the Chair and declare a 15-minute
break, which nmeans we shoul d be back in our seats

and ready to go at approxinmtely 2:35.

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (225 of 312) [4/27/2004 10:36:34 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

[ Break. ]

DR. KIBBE: | have been assured by experts
in the field that Tomhas all the answers in his
presentation, so when we get to them we wll be
done for the day.

Charl es Cooney is on the podium

DR COONEY: Thank you very nuch.

I am pl eased to have an opportunity to
share sonme thoughts this afternoon on the question
that Keith Webber put before us, and that is the
ext ensi on of PAT to biol ogical processes.

In preparing for any tal k, one obsesses
over a nunber of things, one of which is the col or
of your tie, of course, but another is the title of
the talk. | obsessed over a conplex title and a
sinple title, and | resolved that dilenmma by having
bot h.

[Slide.]

PET for PAT? The nessage that | amtrying
to convey in ny title as a place to begin is that
when we think about PAT and all of its virtues and
aspects that have been dealt with earlier today,
process anal ytical technol ogies applied to
processes and products, it is a very inportant

fundanmental concept, and it nmeans a |ot.
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When you think about it in ternms of the
process, it occurred to me that we really need to
thi nk about anal yzing the process, as well as
anal yzing parts of the process and the product
itself.

So, the enphasis here is to think about
process eval uation tools as a conponent of process
anal ytical technologies, and | think that the broad
definition that has been used for PAT very nuch
enbraces that idea

[Slide.]

In putting together ny comments for this
afternoon, | have identified nore questions than I
have answers, and the reason for this is that as we
thi nk about going forward with the extension of PAT
to biological products, there are a nunber of
i ssues and questions, and | would like to try to
put at least a few of these into sone context.

The first set of questions | have
summari zed here as Sonme |ssues. What are the
i ssues, what is the context as we | ook forward, one
of which is the pipeline of new products, what wll
that look like going forward in the next 10 to 20
years.

I think there is no doubt that it is going
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to be expansive, there is going to be increased
complexity in the nature of the products, and it is
going to be a very vibrant pipeline sinply based
upon what we see in discovery and what we see in
clinical trials today.

If we think about the increase in the
number of BLAs and NDAs that will be com ng through
for biological products, it puts a real future
stress on the Agency because as we | ook at the
nunber of these products, they are increasing
exponentially, and | don't think that the number of
people in the FDA is increasing exponentially.

Just a guess, but | think it's true.

So, what that means is that the pressure,
in order to be nore efficient, and to focus on a
ri sk-based strategy and understand where and when
to look, at what, is really very, very tinely to be
in this process right now.

Then, of course, there is the question of
foll owon biologics that are beginning to--1 wll
conme back to this in a nonent--but are beginning to
cone forward, and | think are going to be an
i ncreasing issue.

Both of these issues raise the question

how do bi ol ogi cal products respond to the physica
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process changes that occur when you devel op a
process, scale the process, nove it, change its
| ocation, and the like.

We have sone understanding of this, and,
of course, this is fundamental to understandi ng how
bi ol ogi cal products, particularly the conpl ex one,
respond to the conpl ex processes used to nake them

Underlying all this, do we have the
adequat e analytics to address the uncertainties
associ ated with manufacturing in this industry, and
I am struck by | ooking at the presentati ons we had
earlier today, and, of course, they all focused on
where we have the analytics in place.

In fact, do we have the necessary
anal ytics? No, | don't think we do.

Are efforts underway to devel op then?
Well, we are going to hear in the next presentation
that there are sone very exciting efforts that are
underway, and | think the future | ooks bright, but
it is only going to cone with a lot of diligence
and a lot of innovation in order to nmeasure the
kinds of things that we really need to be | ooking
at .

Then, ultimately, how do we bring this

toget her to assure robustness in design and
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operation of these processes.

[Slide.]

| tried to address where we are going.
Keith Webber already identified a nunber, in fact,
the previous two speakers identified the range of
products that are out there today and the ones that
are likely to be out there tonorrow, and we can
expect that there are going to be a lot nore
anti bodi es, repl acenent proteins, designer
proteins, vaccines, not just for therapeutic use,
but for prophylactic use, cellular and gene
t her api es are being devel oped quite aggressively.

One of the other observations | would like
to nmake, though, when we | ook at the range of
products that are there today and that are going to
be there tonorrow, is that this question of
followon biologics is on the mnds of nmany people
and we need to take stock of where we are today,
because we really have foll ow on bi ol ogi cs today,
we have nultiple processes for the sane products,
mul ti pl e manufacturers for human growth hornone,
mul ti pl e manufacturers by very diverse technol ogi es
for human insulin.

How we have managed themis perhaps not

the same way that we wi sh to nanage themin the
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future, but these are realities today, these are
not things that are |ooning out there for the
future.

[Slide.]

When we | ook at the processes that are
going to be used, we have very diverse reconbi nant
protein production processes. Wy are there so
many? Wy isn't there a single technol ogy that has
ener ged?

The answer is very sinple, not all
processes are suitable for all products.
Furthernore, the intellectual property |andscape is
such that it dictates conplexity in the processes
that are used sinply to work your way through the
m nefield of intellectual property that is out
t here.

Is that going to get sinpler as we | ook
forward? No, the processes are going to becone nore
conpl ex, driven in part by innovation, and driven
in part by the nature of the products, tissue
products, nulticellular products, and certainly the
potential future for transgenic plants and ani nal s.

So, as we look at the array of conplex
processes for these conplex products, | do not see

that | andscape getting sinpler. | see it remaining
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conpl ex and as a consequence, we need to be able to
have the analytics in place and the ways of
handl i ng the data and the ways of understanding
these processes that is better in the future than
it is today.

So, this leads us to a series of
chal l enges, and | have tried to organi ze these
chall enges in a way that represents where we are
com ng fromand where we are going to go.

There is the continuing chall enge of
rapid, cost effective devel opment and scal e-up. W
need to shorten the tinelines, the tinelines for
devel opi ng the processes, and if we devel op better
processes, that should lead to inproved timelines
for approval of those processes, and we need to be
able to have nore flexibility, so that the process
of devel opment and scal e-up could be a lot nore
ninble and lean than it is today.

But then once we have processes in place,
I think the industry has done an increasingly good
job in the drug space of continuous inprovenent,
and nost recently, and we have heard exanpl es of
that today, PAT is a major contributor to how that
is going to go forward in the future. That is very

positive.
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W need to understand how to better
achi eve continuous inprovenent in process change in
the biol ogical space, and that is the chall enge
that we are focusing on in this particular session

What the tools that we need to do that?
What are the nethodol ogies? Were is the
uncertainty, and, of course, how do we understand
that risk, and risk is inplicit in all of this.

Fol | ow- on bi ol ogi cs present their own
chal | enges, and then when we get into conplex
bi ol ogi cal s, cellular therapies, and tissue
engi neering, there are a wide variety of unknowns
and we need to understand qui ckly what are the
paraneters, what are the bi omarkers, what are the
surrogate nmarkers, what are the direct nethods that
we can apply in order to get a grasp of these
processes and how they will define the products
that we make.

Furthernore, as we | ook at these
chal l enges, there is a constant tension between the
safety and the econom ¢ agenda, and where is the
proper balance in ternms of how nmuch risk we seek to
m nimze and how nuch risk we seek to enmbrace and
manage and take forward.

[Slide.]
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Wl |, when you | ook at the broad issue of
the rel ationship between the process and the
product, one has to | ook at what goes in and what
cones out. We have raw materials and environment al
conditions that are variables going in. W are
trying to control a nunber of the parameters in
this space

Sone of those parameters are suitable for
control in a closed | oop fashion. Again, we heard
a nunber of exanples of how that is increasingly
i nportant today. A nunber of those paranmeters we
don't control in a closed | oop manner, but we need
to control them nonethel ess.

I think the challenge in |ooking at this
very mcroscopic view of a process is the
information flow. W know how to do process
control. W are going to get better at
i npl ementi ng new anal ytics on these processes.
There is a long history of applying statistical
process control and a wi de variety of other
met hodol ogi es of process control

We are going to get better at doing that,
and that is all going to be incremental. What is
not going to be increnental is the nore systens

vi ew of understanding to do it better. | think
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1 there we will have sone big junps, but where

2 think we are doing a terrible job is on the

3 i nformation flow.

4 The information is quite an asset, a | ot
5 of nmoney goes into generating that information, and
6 do we adequately understand and mine it, and the

7 answer is no, we don't. In fact, it's a very

8 poorly utilized asset, and in some cases, the

9 reason is, well, if | don't look at it, | don't

10 have to worry about the variance init. That is

11 one way to control variance.

12 Another way is to say, well, let ne

13 enbrace that variance, let me learn fromit, let me
14 capture that information, and feed that back and

15 learn, and that is an area where | think we are

16 getting better, but, frankly, | think if | |ook

17 back over the past decade or two, even |ooking at
18 work that | have done, | think we have done a

19 pretty bad job.
20 Now, what | would like to do is to stay in
21 the franme of raising questions rather than
22 provi ding answers, but | can't go through a
23 presentation |ike this without showi ng sone data
24 and without taking an exanple to illustrate where

25 think there are sone opportunities and sonme of the
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ki nd of | earning that represents work-in-progress.

I n biological processes, one of the main
i ssues we deal with is the oxygen dil emma.

[Slide.]

We all know that in nost biologica
processes, there is a requirenent for oxygen for
efficient growh, and in this particular case,
reconbi nant protein expression. That is a given

By the way, there is sone interesting data
to suggest that that is not necessarily true, but
we won't go there now. But that is a genera
met hodol ogi cal given, and let's assune that it's
true for the nonent.

But on the negative side, there is the
potential that if alittle bit of oxygen is good,
is alot of oxygen better, and the answer is not
necessarily, because there is potential for both in
vivo and in vitro protein oxidation of nethionine,
cysteines, for instance, and as we scal e-up and as
we change the anmount of oxygen, as we use enriched
oxygen in processes, is this going to be a hazard,
is it going to be a problenf

We wanted to explore that, and we al so
know t hat oxygen can induce stress. Actually,

oxygen too high or too | ow can induce stress. One
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of nmy hobbies is high altitude nountai neering, and
| decided what would it be like to operate under 35
percent partial pressure of oxygen. Well, | don't
recomrend going there on a regul ar basis.

[Slide.]

But when we | ook at processes today, we
are |l ooking at scale. Traditionally, what we have
done is to do a lot of our optimzation of a
process at a shake flask scale, 100-mlliliter,
perhaps to a 10-liter scale, and then go to 10 or
100 cubic neter scale.

The benefits of doing research at the
honogeneous milliliter or liter scale is that we
can make the assunption that it is al nost
honogeneous, and the work we have done over the
years is to better resolve events in tinme, so we
have taken analytics, |like sone of the probes, and
so on, that have been discussed earlier, and we
have | earned to evolve events in tine and
under stand how the time space is critical

At the fermentation scale, we m ght do 200
to 300 experinents in order to get what we think is
an optimum but we really know it is not, in order
to scale to the 10 to 100 cubic neter scale, but

all we do is get to a place that allows us to
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economically be in the business, and then,
hopefully, we will be allowed to undergo conti nuous
i mprovenent follow ng that.

What | want to suggest is that what we
really need to think about is how we | ook at this
process devel opnent and scal e-up paradi gm very
differently.

That is, if we scale down, and, for
i nstance, one approach is to use reactors that are
100 microliters, and they indeed are honbgeneous,
or somewhere in that small space, and do | arge
nunbers of experinents, and not just resolve events
in time, but do the kind of things that were
described earlier, create |arge experinenta
design, so that we can now not just | ook at our
experinental space, but we can | ook at the
i nt erdependenci es between the independent vari abl es
in a much nore effective way, reduce the
uncertainty associated with how the process
responds to the environnent, as well as changes
with tinme, and reduce the uncertainty of scal e-up,
and presumably reduce the variance as we do so.

That is not to say that we shouldn't al so,
at scale, resolve events that take place in tine.

There is going to be variance in a biologica
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process. W can learn a lot fromthat, and that
all ows us to manage the risk associated with these
processes, and that goes on, as well, but we are
doing a better job with that than we are sinmply
going to the |arge-scal e experimental design

[Slide.]

A nodel systemthat we happened to choose
is alpha-1 antitrypsin. It is a human reconbi nant
protein. It is an interesting nodel because you
notice that methionine 358 and the one at 351, it
sticks up like a sore thunb and is sensitive to
oxygen. So, we reasoned it would be useful as a
mol ecul ar probe in order to determine if oxidation
was a problem

This nol ecul e al so actually has 10
met hi oni nes, several of which are partially or
compl etely exposed, and 1 unpaired cysteine that is
partially exposed, but with nodels such as this,
this m ght be the product where its structure is
wel | known, you can begin to do m croscal e
experinments that you can then project to the |arger
scal e and ask, well, what is the effect of oxygen
on the nol ecul e.

[Slide.]

In this particular case, we observed that
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there was an oxygen-dependent proteol ytic cl eavage,
and as you |l ook at these three lines, the green
line is for the expression, transient expression
under air. The top line is transient expression
under anaerobic conditions, which turns out to be
not so bad. But the bottomline is expression
under pure oxygen, so there is this oxygen
dependency of the proteol ytic cl eavage.

[Slide.]

How do we resolve that? Well, one
approach is the very hypothesis-driven problem
and, of course, when you have a problem and a
conmpl ex problem and as you can see by the photo on
the left, if you don't get the ropes right, you
could be in serious trouble, so you have got to
know where the problemis if you want to be in the

position on the right.

[Slide.]

So, how do we resolve that? Well, we have
a hypothesis. In this case, we tried many
hypotheses. | amonly going to tell you about the

one that is right. That way you will renenber that
I got it right the first time. Wong, but
nonet hel ess, we specul ated that it was the protease

Cl pP that was responsi bl e.
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[Slide.]

It is a conplex protease that involves
ATP. You do the hypothesis-driven experinents, you
knock it out, and as you can see by the figure on
the righthand side, you elimnate the
oxygen-dependent proteolytic cleavage, not all the
cl eavage, but that hypothesis, which was one of
about a dozen that we explored, in fact, worked.

[Slide.]

Are there other ways to think about these
ki nd of problems? Do we have anal ytical techniques
that allow us to probe rmuch nore broadly the gl oba
cell response?

[Slide.]

O course, the answer is yes, and the
technol ogy of using DNA microarrays to do
transcriptional profiling is one kind of tool that
can be used in identifying where the problemis,
and, after all, isn't that what PAT is about.

It is about getting at the underlying
sci ence to understand what the issue is, and then
focus on the right issue, not necessarily measuring
everything that you possibly can measure.

E. coli is very convenient. 1t only has

about 4,000 genes, but fortunately, those genes are
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set up in pathways, and rather than think about
4,000, | don't like big nunbers, | would rather
think about, well, there are about 170 pathways.

[Slide.]

So, if we look at the response in terns of
pat hways, we can begin to say, well, are there
pat hways that are up or down-regul ated, and,
indeed, this is an exanple in the case of the
experinments | showed you a noment ago.

What you see on the lefthand side is the
regul on associated with the peroxide response for
E. coli to high oxygen--excuse ne--on the |efthand
side to the superoxide response, the righthand side
i s the peroxide response.

What you can see by the el evated | evels of
the genes in the superoxide response, that E. col
reacts with the operon, superoxide disnutase and
sone ot her enzynes, and the peroxide response is
transient, if anything at all

This tells us where the problemis. The
problemis associated with the small anopunt of
super oxi de radical that is being rmade.

[Slide.]

When we | ook at clusters of genes, one can

see that the green ones are up-regulated in the
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presence of oxygen, and when they are red, they are
down-regul at ed, whi ch happens in the case of
nitrogen, and you see green dots wi th superoxide,
but one of the other strange things is that you see
proteins that have iron/sulfur in them
up-regul at ed

Wy woul d any sel f-respecting E. col
up-regul ate genes associated with iron/sulfur
prot ei ns when you are nmaking a reconbi nant protein?
This didn't nmake sense, and, in fact, it has
nothing to do with the production of alpha-1
antitrypsin, but rather has to do with the fact
that a snmall amount of superoxide, that free
radi cal, knocks out the iron/sul fur clusters.

There are about 100 proteins in E. col
that have them Those proteins are not functional,
so how does the cell respond? It up-regul ates
pat hways in order to conpensate.

[Slide.]

So, within these gl obal techniques, you
can begin to understand where the problemis and
think about the strategies to better design the
process, and basically, it is about taking the next
st ep.

Where is the appropriate next step?
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will leave it to your imagination whose feet they
are.

[Slide.]

Alittle quick self-assessnment. When we
i ntroduce a process to nmake a bi ot herapeutic
product, do we know the optinmum conditions for
quality and quantity of the product today?

No, and as a consequence, once the process
is in place, we see very substantial process and
product inprovenent during the course of operation,
and that is good because it means that we have
recogni zed that there is going to be variance and
that we have recogni zed that we can nanage t hat
variance, we can learn fromit, and collectively
benefit. That is the reality.

So, there are lessons |earned there. The
variance that is going to occur is not something to
be avoided, it is sonething to enbrace and | earn
how to manage, and it is getting the right bal ance
of managi ng that risk

So, during routine manufacturing, do we
i mprove the product in the process? Absolutely.

[Slide.]

What is the way forward? Well, is there a

better way than increnmental adjustments to optimze
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and scale a process? Sure, and | think the idea of
taki ng these conpl ex processes and | earning how to
operate |large nunbers to capture design of
experinents and to capture what happens in that
space, and |learn how to assess the
i nt erdependenci es of the paraneters is a very
exciting opportunity.

The technol ogies that allowus to do it,
both froma process side, froman anal ytical side,
froma data analysis side are really inportant to
bring together, and we are not there, but we can be
t here.

W need to live with variance and take an
adequat e opportunity to learn fromthat variance
Listen to the data, don't ignore it, listento it.

In doing that, we can again grasp nuch
nmore experinmental space both in variables, as well
as tinme. So, this issue of enbracing that
variance, learning what it is about, |earning where
the problemis, and then using that to come back
and devel op a robust process, this is the kind of
m nd-set that PAT is about, and biol ogi ca
processes are very much in need of being thought
about and treated and respected in this way.

[Slide.]

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (245 of 312) [4/27/2004 10:36:34 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

In closing, the last slide is to | ook at
what are sone of the process evaluation tools.

This is not all-inclusive, but it is neant to
reinforce just a couple of points that | have nade.

One is the |l everage anal ytical technol ogy
on process and products, what does this really
mean? This is PAT, and this is leading us to a
process understandi ng and a process eval uati on.

That is very nmuch what it neans, that we
need to be able to ook at the process globally,
and not just locally. It fits exactly in with the
gui dance that has been laid out for PAT.

We need to explore the biological space
and the paraneter variance. W need to understand
how thi s variance propagates through a process.

It is very interesting, if you take
process sinulation tools, and we can do a very nice
process sinulation on any of these processes, and
then you do things |ike Monte Carlo simnulation
where you have variance in the process, you can
begin to understand how that variability at
multiple steps is going to propagate through very
conpl ex processes.

As a consequence, when you do that, you

then are not surprised by howa little bit of
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variance here, a little bit of variance there,
propagates to give you what the end result is going
to look like. So, with simulation and these tools,
you can avoid sone surprises

We need to better interrogate the cell at
the nol ecul ar scale, and then be able to do the
multi-scale analysis to scale up. So, part of what
I think PAT is about, is multi-scal e analysis,
driving down to understand the science, so we can
under stand where the problemis, and then driving
back up with appropriate solutions to elimnate the
right problem in the right way, at the right tine.

A lot of this about understandi ng these
i nt erdependencies in what is a very large
experinental space.

Lastly, understanding this connection
bet ween the nol ecul ar processes, process
performance, and product quality. W are doing
think an exciting job with drug substances in this
regard, and we are perfectly capable of carrying
that over, with work, to biological products, as
wel | .

I will stop there and | hope that | have
generated nore questions than providing answers,

because that is what | started out to do.
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DR. KIBBE: Thank you. |If there anybody
who has any qui ck questions you want to take care
of now before I go on, any point of understandi ng?

[ No response. ]

DR KIBBE: In that case, Dr. Koch.

DR, KOCH: | have had the benefit today of
a nunber of speakers who were |eading up to the
type of things that | wanted to say. | left out
sonme things, and those of you who have paged
through the slides probably can't believe that.
There is a lot of slides there, it is going to be a
little bit like a fire hose here for a while. | am
going to try to stick to things that are nore of a
m niature nature or mcro-analytical rather than
hitting the broad base of all anal ytical

Let ne nove into it and | think | wll tie
in with sone of the previous speakers.

[Slide.]

PAT. W have heard a nunber of
definitions of it, but again it is |ooking at all
aspects fromthe chem stry tools through the
control strategies and into the data handling
aspects. The goal again, process understandi ng.

[Slide.]

The origin of PAT goes back, oh, 50 years
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at least, and we have got a few exanples that go
back to the md-forties with some of the German
chemi cal conpanies applying it, so it is not as if
the approach is new.

We can go into all of the reasons why it
is relatively newin the pharma i ndustry, but that
is nostly psychological. It started within the
anal ytical chem stry | abs where tools used for
specifications, et cetera, as comng fromthe areas
listed here, were then nade portable for running in
the process or close to where the process was, and
adopting the term"real tine analysis."

[Slide.]

That real-tinme data resulted in a number
of things, in fact, alnbst every tine one went into
a process, and this is borrowing fromthe
pet rochem cal experience, alnost every tine a
sanpl e was taken to a chenical analysis |ab, we
found out that the results were different if we did
it inreal time, taking and watching things that
you could see fleeting internedi ates or a nunber of
things that were indicating both safety and
envi ronment al probl ens.

It also was a very good scoping tool for

under st andi ng what type of issues and what pl aces
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in a process could be nonitored, process
under standi ng results from doing this.

[Slide.]

What is appropriate for PAT? It really
comes down to a very broad statenent, and that
anything that gives you data that you are presently
not neasuring, certainly want to | ook at cheaper
and nore reliable, and then we are entering into
sonet hing here where we are going to get nore data
than we ever wanted, but we are going to want
additional data points in order to build better
nmodel s fromwhich to control from

This is probably going to be the crack in
the wall for Bayesian type approaches where you
have to nake assunptions because you finally get
too nmuch data that you can't possibly study all of
it.

It is also going to allow us to depart
fromtraditional analytical science technol ogies,
that list that showed up before as coning out of
the anal ytical |aboratories, have to nove away from
t hat .

[Slide.]

We are going to have to look at fully

i ntegrated anal yzer systens. Historically,
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anal ysis is detection. The thing that people have
avoi ded forever is the problemw th sanpli ng,

think taking i nadequate representative sanple to be
anal yzed.

Then, the other thing that often was
sl i pped over because of expense and capability had
to do with collecting the data and maki ng sense out
of it, and eventual information and know edge.

That has to be all integrated into a system

The next point has to do with inferentia
anal ysis, and we have heard that referred to a
couple of times, and that is where you can project
to the desired product properties by doing sone
measur enent during the process, and it doesn't have
to be the property itself, but you have enough data
that you can extrapolate to that point.

[Slide.]

Then, you have to revisit some of these
underutilized, but not revolutionary techniques.
The few that | mention here are technol ogi es that
were discovered in the early 1900s, but not used
forever, largely because of instability of optics
or conputer possibilities back when it was first
| ooked at.

[Slide.]
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I want to nention a couple of these. One
is in the optical |ow coherence reflectonetry, that
when you do that type of neasurenment, the result
you get depends on things |ike on the columm on the
left, the thickness, the particle size,
concentration, shape, and sonme of these other
nmor phol ogi cal things all affect the neasurenent.

As aresult, if you can interpret the
signal that you get fromthe neasurenent, you can
then use it to nonitor a nunber of things. There
are exanples there, that are largely froma
chemical and materials point of view, but
eventual ly, you get down to being able to nonitor
tabl et coati ng.

The technique started in measuring coating
of airplane wings, and we found that that could be
extrapol ated quickly to other neasurenments that is
bei ng used now for tablet coating, as | mentioned,
and we are finding that there is variations during
a fermentation or a biological process that can be
monitored, and it is a technique that operates at
hi gh concentration, in slurries of 70 to 80 percent
as a technique for particle size versus the
hi storical need for dilution.

[Slide.]
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A coupl e of exanples. You can |ook at a
multi-layer film Here is an exanple of a drug
delivery patch. | think you can see sone of the
peaks there on the bottom

Very interestingly, what happens in this
process, it looks Iike a chromatogramwi th vari ous
peaks, however, it is the bounce back of the
photons at each layer, and you measure the tinme
that it takes to cone back and project into
di st ance.

Each one of those peaks is a layer. It is
a layer fromthe barrier layer on the outside and
the back, and then the internediate |ayer is
bet ween active ingredients, so it becones a way to
measur e how nmuch active ingredient one has pl aced,
so the baseline is basically the thickness of the
active ingredient.

The scattered material exanple is one
where you have a total reflection of the photon and
the path in which it travels indicates the
conplexity of the mixture, and you can extrapol ate
then into things like particle size, shape, and
wavegui de formation, et cetera

[Slide.]

An exampl e of being able to | ook at
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consi stency, there is one curve here that shows at
one concentration, you can see quite a range of
smal |l particles frombasically 20 to 90 nanoneters,
or you can take one size, in the | ower exanple, of
308 nanoneters, and get a concentration difference.
So, it has proven to be quite valuable in that
regard

[Slide.]

Movi ng on to Raman, certainly, everyone
has heard the term nol ogy, but as you | ook at sone
of the potential advantages now that the stability
of the lasers have inproved in sonme of the data
handl i ng, and as dat abases grow, you can | ook at
non-i nvasi ve or non-destructive technol ogy.

You can work in aqueous systens. You can
do multiplex of your instrunent using fiber optics
that can go hundreds of neters, and you can al so
then | ook at chem cal structure and fingerprinting
of both inorganic and organic material s.

[Slide.]

Then, with effective probes, in fact, this
particul ar probe that is denonstrated here, was the
one that we used in the practicumand noved between
the various centers to study sone mlling and

m xi ng operations, but we have done a nunber of
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things in conposition, as well as, at the bottom
right, putting it in a protein nmixture in ternms of
determ ning aspects of that materi al

[Slide.]

The fringing electric field or
dielectronetry sensor is pretty sinple, one that
was devel oped for detecting mines, and it has to do
with the ability to set your electrical fields with
the various sensors in setting the distance and the
intensity, and you can get a disturbance of that
electrical field based on the properties of the
sanpl e.

You can neasure things like density,

di stance fromthe sensor, texture, and noisture,
and noi sture not only in concentration, but
distribution, so you will start to |look at filter
cakes or other aspect of various processes. You
have anot her relatively unused nethod that can be
appl i ed.

[Slide.]

To date, a nunber of things happening in
the paper pul p industry, pharnmaceutical products,
and we have got a few conpani es, pharma-based, that
are using it for mxing consistency, a lot of food

applications including sone of the baking conpanies
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to nonitor the noisture distribution in cookies and
cakes and things, and that turns out to be pretty
important for them conposites, plastics, et

cetera

[Slide.]

Going on to surface plasnon resonance, a
number of things, primarily in mniaturization and
sensitivity have occurred here, and pluggi ng somne
di sciplines together fromelectrical engineering
and genetic, have conme up with sonme real-timne
bi osensors that are operating at a very fast node.

[Slide.]

Work sponsored by the Departnent of
Def ense, again that tie in with sone of the things
we heard earlier on homel and security.

You can start to | ook at high throughput
screening, automated protein purification, and
nunmber of toxins, food-related activities, and we
are actually noving quite rapidly into response in
the food industry for safety, security, nutrition
in the food and rel ated water chains.

[Slide.]

One exanpl e, this has been denonstrated in
a protein purification system would be a way in

which after the broth is separated and sone

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (256 of 312) [4/27/2004 10:36:34 AM]

256



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

chr omat ogr aphy applied using biosensors, one can
det erm ne when to change col ums or monitor the
process, which brings us to biosensors and the need
in the bioprocess in general

[Slide.]

I have been in discussions with Harry Lam
of Genentech, to get a feel for what type of things
the industry is looking at, and certainly to
mai ntain a consistent product perfornmance or
process performance with the devel opnent cycle from
early stage through manufacturing.

[Slide.]

Measurement is needed in order to | ook at
the underlying functional relationships that occur
in the process, as well as sonme of these
interactions of the organisnms with their
envi ronment s.

[Slide.]

W need to inprove the capabilities for
process control, and the type of neasurenments are
going to be broad based, biological, chemcal,
physi cal .

[Slide.]

Much of this has been touched on today -

bi ol ogical with this whole range of things that are
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of a cellular nature.

[Slide.]

Chemnical, we have got a nunber of things
in the nedia that need to be addressed, that have
to do with the nutrients and the additives, et
cetera

[Slide.]

It continues on when you start to
characterize the product, the by-products, the
environment, as well as the off-gas.

[Slide.]

Physical. W have heard much of this in
terns of the type of things that need to be | ooked
at .

[Slide.]

What can we | ook at today? Much of this
was mentioned here in the |last couple of
presentations, of things that are being used to
nonitor, but that |eaves a number of the issues on
the table yet to be addressed and sol ved.

[Slide.]

Al so, the industry is looking at the
various requirenments that are going to be
necessary, and it is a lot nore than just having a

measur enent tool, but to get into the things that
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have to do with sterilization, interference, and
the fouling, |ow maintenance, and the small size.

We have heard several assunptions today
that if it's smaller, it could be better

[Slide.]

That gets us into what has been driving
the inprovenents in neasurenent over the |ast, say,
20 years, and it has been the advances in
m niaturization. Mich of this has been driven by
technol ogies in the conmputing industry and the
ability to make things smaller and use mcrofluidic
technol ogi es, et cetera.

Certainly, new naterials, the optic
advances, and conputing have hel ped, but
mniaturization is really a big one.

[Slide.]

It has been focus of the center where | am
| ocated in Washington. It has been a
mul ti-industry, and | have inplied that a few
times. A nunmber of industry come together and
di scuss advance in real-tine nmeasurenment, and we
are now beginning to apply those things to the
food, pharma, biotech industry.

[Slide.]

Mul tidisciplinary. There are many
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exanpl es where bringing different disciplines
together results in some very interesting sparks
com ng fromthat snoke, presently supporting 20
different research projects at 5 universities, and
invol ved with sonme international collaboration

[Slide.]

The initiatives, and we will see the
i mportance of this growi ng, is sanpling and
sensors. That is one that we try to act as a forum
across industry. Trying to also conpile analytica
and chemonetric methods, what to use in terns of
interpreting the data.

A coupl e of things that are used just
inside for the nenbers, are to | ook at
m cro-instrunentation for the high throughput
experinentation, the Combi Chem and sone of the
process optim zation tools, and then a fermentation
platform and | will nmention some of the things
t here.

[Slide.]

When we | ook at this response to high
t hroughput experinmentation, we get into the
m cro-instrunentati on world, but also the
mcro-reactor world. | have to agree with that

Charl es mentioned, the petrochem cal industry is
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findi ng huge benefits in scaling down before you
scal e up, and goi ng down to nol ecul ar interactions
in a nunber of data-gathering aspects at the snmall
scal e to understand how to then nove on fromt hat
to macro scal es.

[Slide.]

We al so have a nunber of techniques that
are being mniaturized | argely due to advances. As
I nmentioned before, nost of the analytica
technol ogi es, we only have a few that have not been
m niaturized yet or taken on-line, and sone of
those are mcroscopy-based, but we actually have
sone breakt hroughs now i n bifringes and ot her
things that could help in this respect.

[Slide.]

I will give you a couple of exanples. In
m cro-LC, we have got a snmall 100-micron flow
channel where you nmix a sanple at a nobil e phase
and then detect the deflection in your |aser beam
with a position-sensitive detector.

[Slide.]

W have since found, after starting into
this project, that |ow nol ecul ar wei ght materi al
di ffuses nuch faster than the hi gher nol ecul ar

wei ght material .
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[Slide.]

So, why not put two sensors in-line and
then begin to calculate the difference between
those distances in ternms of a particular nol ecul e.

[Slide.]

What has resulted is an in-line nolecul ar
mass sensor where we are able, in this case, to
| ook at polyethylene glycols froma very | ow
nmol ecul ar wei ght. Actually, it has now been taken
to over 100,000 nol ecular weight in ternms of a
standard curve

[Slide.]

This has resulted in other things now, in
some bi ol ogi cal testing where we can see peptide
synthesis, we can | ook at pol ysaccharide synthesis
and be able to see differences as chains are
buil di ng, and also be able to see differences in
diffusion in following trends in that way.

[Slide.]

Devel opnents at Sandi a, agai n, honel and
security basis, have resulted in a mcro cheml| ab.
This is a very interesting thing, obviously, the
size of a dinme is quite inpressive, but when you
| ook at the SAWray detector you have go a 1-neter

col unm, and your sanple pre-absorption
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[Slide.]

You put all that into a hand-held unit,
this is a now a hand-held GC, but the end there
indicates it is also an LC, so that has all been
incorporated into taking today's |ab technol ogy
down to a very small size

[Slide.]

Some work that we have been involved with
recently is when you go to use of nanoparticles in
your colum, you can increase the speed. W are
now tal ki ng of these conpounds being separated in
two seconds.

Normal |y, you are |ooking at 40-m nute
type turnarounds on a lot of these GC anal ysis
things that have been inproving, and | can't really
tal k about it, but we now have a sinmilar separation
in 500 mlliseconds, that things are really flying
in that way, so it has becone a real-tine
anal yti cal technol ogy.

[Slide.]

A smal |l nmass spec has been devel oped.
There is three or four exanples of taking nmass spec
down to these small sizes.

[Slide.]

We are also involved with devel opnent at
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UC/ Davis with the micro | abs, the electrical and
computing and the food science areas, to develop a
NVR.

[Slide.]

This is an NVR now that early signal is
shown on the bottomleft, which showed water, a |ot
of excitenent by the food group because they could
moni tor a nunber of things in real tinme. It has
since been refined to the bottomright there, and
it has been taken froma protein signal, we have
now seen carbon and phosphorus, so we are talking
about a hand-held NMR that is going to be
mul ti nucl ear and have a cost of probably under
$20, 000.

[Slide.]

So, all these advances in sensors and
control s again highlight the need, how do you get
the right sanple to these technol ogi es.

[Slide.]

The chem cal industry has come to us, and
we have been a forum for discussions on howto
create new sanpling and standardi zed technol ogi es
in that arena

[Slide.]

The typical sanpling in a petrochenica
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plant is a large, often covering a wall, quarter of
a mllion dollars worth of instrumentation just to
interface the process with the anal yzer

[Slide.]

That has now shrunk down to an inch and a
hal f by an inch and a half nodul es, a standard set
by the I SA, and this platformnow houses the val ves
and filters and regulators to interface again the
process with the anal yzer.

[Slide.]

What has been evol ving here, this concept
started in late 2000, and it has now generated to
poi nt where we are beginning to think of how we
could nmake this Smart and how to utilize advances
in mcro-anal ytical

[Slide.]

So, the base here has been defined. W
now have a standard sanpling interface that can be
heated or cool ed, or whatever, and the flow
patterns all defined, and in the next couple of
nmont hs, we are standardi zing a connectivity.

This is getting into sonme contro
engi neering term nol ogy of how do you nove the
signals fromthat platformto distributor contro

systens and other fields of how do you use that.
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[Slide.]

Then, what has happened i s you can now
drop your pressure regulators, your valves, and
your filter onto that platformand be able to
moni t or what they are doing.

A very interesting story happened at again
interfacing the process with the analyzer. The
first year of use of these devices caused the
engi neers to say why does the analyzer have to be a
refrigerator size, when the sanpling system has
come off the wall to this fairly smal
conpartmental i zed unit.

So, this platformhas now becone the base
for mcro-analytical, so it has beconme a standard
platform for the devel opnment of mcro devices.

Three or four years ago, if sonebody had
come in with a small GC and say wow, isn't this
neat, and we would say that is really nice, but how
do we use it, how do we go to this big,
wal | - mount ed sanpling systemand put this little GC
at the end of it.

That has changed, people are now putting
on a fair amount of suction for the devel opnent of
t hese devi ces.

[Slide.]
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So, we predict, and it is beginning to
happen, that the NeSSI platformw Il becone the
base for a mcro-analytical lab. Al ready we have
oxygen and pH and noisture, nmass flow controllers,
little nass specs, all of the techniques that are
listed there have the plan to be nounted on this
particular platform

[Slide.]

And then we have been devising different
interfaces. Qur Raman sensor now will fit on the
NeSSI pl at f orm

[Slide.]

The surface plasnon resonance, this is the
one that does the very fast biological detection,
is now down to the size where the flow channels
will interface with the surface and provi de al nost
real -tinme biological detection in the NeSS
pl at f orm

[Slide.]

And we have taken something that basically
used to be flow injection analysis, it mgrated to
be called sequential injection analysis, nowit is
m cro sequential injection analysis, where you can
put wet chem stry on a multi-functional,

mul ti-position valve, so you can scal e down wet
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chenmistry and titrations and things, and do things
i ke glucose, nitrogen, nutrients, and inorganic
detection, and this is now on the NeSSI platform

[Slide.]

So, there is alnbst nothing right now that
we don't have that couldn't possibly fit on here,
and we see it, not only for the process control,
but all kinds of optimzation studies that could
interface with | ab-based fermentation and with the
m cro-reactor systenms for the chenical world.

[Slide.]

The last thing | will nention is our
Fermentation Initiative.

[Slide.]

We are trying to apply the known
techni ques and conpare themwi th things that are
evol ving and have applications in other fields. W
want to provide training and understanding the
i nplication of some of these measuremnents.

[Slide.]

We have set up sone platforns that are now
outfitted with this array of instrunentation, and
you can see things |like dielectric spectroscopy,
the surface tension, light reflective spectroscopy,

et cetera, that are not traditionally being used in
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the fernmentations, but we are gathering data and
finding then ways to extrapolate to which
fernmentation areas they will best influence, and
then | ooking at sanpli ng.

Sanpling and fernmentation is a big
problem Go back to sone of the things that we put
toget her that Genentech summari zed.

[Slide.]

They are very concerned about how to
achi eve these type of considerations, and then you
get into sone of the sterile requirements and how
do you design your sanpling system so it will neet
t hese requirenents.

[Slide.]

So, what we have is a plan to continue to
scope out activities froman anal ytical point of
view, but to inplenent and evaluate this NeSS
platformfor not only sanpling, but sensor and
process control interfaces, so we have a platform
now that is being put in to work with sanpling the
broth and another one with head space.

We are | ooking at chenonetric tools to
model this batch variability and | ook at various
data fusion approaches. W need to do this to

begin to devel op these automated tools to eval uate
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production data and inpl enent chenonetrics as nuch
as possible for quantifying process performance and
appl yi ng these PCA approaches to performng

aut omat ed pattern recognition.

[Slide.]

To borrow a little bit fromHelen's
earlier slide, it is going to be an exciting tine.
We have got a lot of things in front of us, but to
take the advances in PAT fromthe other industries,
t hrough the pharnaceutical on to the biological, I
think is going to be very rewarding.

DR KIBBE: Thank you.

Are there any quick questions?

DR. SI NGPURWALLA: | have a comment.

You have this nice chart on
mul tidi sciplinary, page 16, and you al so had CPAC
initiatives. Just froma parochial point of view,
I noticed the absence of a statistician, yet, you
are discussing the sanpling, which is really a
statistical issue.

DR KOCH. You are right. 1In fact, that
list is not conplete. What that list is, is the
present principal investigators involved with our
progranms. W have just finished a project with the

chairman of our Statistics Departnment where we were
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fundi ng things just for what you are saying.

So, really, that list is project
dependent. | could probably add as nmany as six
other areas, like physics was on there, and a few
others in the past year, so we rotate projects in
and out. Chenonetrics is probably based in
statistics. They don't like to admit it.

DR. KIBBE: Anything else? Ajaz doesn't
want to comment? Ckay.

Tom wrap us up.

DR. LAYLOFF: Much of what | wanted to say
has been said already, so | will speed through ny
slides, and | have a few coments at the end that
are not in the slides.

[Slide.]

First of all, PAT, with the subcomittee
to this coimmittee, advisory commttee, we had a
series of charges which were given to us

[Slide.]

We had neetings |asting through 2002,
three neetings. W covered applications and
benefits, process and anal ytical validation,
chenmonetrics, process-product devel opment, process
and anal ytical validation, a proposed PAT training

and certification program which I think was one of
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the highlights of the activities.

Conput er systens validation, 21 CFR 11,
and Joe out there tackled that one, PAT case
studies, and rapid m crobiol ogi cal testing was
tacked on near the end there.

[Slide.]

We reported that back to this conmittee
back in October. There was a definition of process
anal ytical technology. | amnot going to read that
to you again, you have already seen it.

[Slide.]

Agai n, nore statenents on PAT
appl i cations.

[Slide.]

Now, this was not included. Historically,
t here has never been anything to stop people from
usi ng new technologies. As a matter of fact, in
the 1978 preanble to the CAGws, there is no
prohibition in the regul ati ons agai nst the
manuf acturi ng of drug products using better, nore
efficient, and innovative nethods.

It is a big box, and it has been there
since 1978.

The USP al so allows alternative methods

for assessnents.
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1 [Slide.]

2 The conmttee proceeded by coming up with
3 a general guidance through Raj Uppoor and the OPS
4 staff to generate a guidance, which defined a

5 regul atory position for the process and added sone
6 incentives. Then, the FDA PAT team which cane

7 t hrough the training programyou have heard about
8 earlier.

9 [Slide.]

10 O course, the Agency's perspectives. ne
11 of the things that | think is very interesting,

12 com ng from many years of service in the Agency,
13 was the Agency's use of existing know edge,

14 experience, and gui dances from ot her FDA

15 conponents, and NI ST, ASTM and ANSI

16 The FDA tended over the period of ny

17 tenure to be very introspective, if it wasn't N H,
18 not invented here in FDA, we had very little use
19 for it. Going to ASTM and NI ST was nore of an

20 engi neeri ng approach, and we tended to hang with
21 the pharmacists in the USP.

22 The USP, of course, was established by
23 practitioners as a book of recipes to assure

24 quality, and we hung with that, with the

25 practitioners rather than with the engi neering.
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ASTM was est abl i shed by engi neers and
chem sts to deal with defective rails in the
railroad, so they tended to be very
engi neering-oriented, and it was quite interesting
that when FDA- CDRH went out | ooking for standards,
they went to the engineering standard type area
rat her than practitioners of pharnaceuticals.

Now, the switch in OPS of |ooking at ASTM
standards is very interesting because it noves
process anal ytical technologies into an arena where
there are engineers and chem sts, scientists rather
than practitioners. |It's a switch in philosophy.

Al'so, the ANSI and ISOfit in that also.
They established a franmework for manufacturers with
flexibility needed to devel op new desi gns.

[Slide.]

Future issues. Validation data and
retention. W have heard some about retention of
data, and | don't think that has been addressed
wel |, but the process analytical technology is
going to deluge with information, and there is
going to have to be sone way of defining what is
essential and should be retained, and what is not
essenti al

The definition of in-process endpoint
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detection, data acquisition and storage. In a
process of PAT, you have to have some conponent in
the process which is neasurabl e and defines an
endpoint. You have to have analytics, but you have
to have something that you are | ooking for.

The docunentation of the data acquired and
el ectronic signature closures of decision points
are going to be an issue, and the inconmng materia
stream consi stency and robustness assessnents are
going to be critical for supporting PAT al so.

[Slide.]

Regul atory incentives, we have gone over
those already, not a requirenent.

[Slide.]

How to nove forward, try and do it by
evolution rather than revolution. Don't bring it
all up at once.

[Slide.]

And the gui dance which came out in
Septenber, just a fewitens fromit.

[Slide.]

The guidance is intended to describe a
regul atory framework that will encourage the
vol untary devel opnent and i npl enentation of

i nnovati ve pharnaceuti cal manufacturing and quality
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assurance--manufacturing and quality assurance,
vol untary, innovative. Those are key ternmns.

[Slide.]

The scientific risk-based franework
outline in the guidance shoul d hel p manufacturers
devel op and i npl enent new and efficient tools for
use during pharnaceutical devel opnent,
manuf acturi ng, and quality assurance while
mai ntaining or inproving the current |evel of
product quality assurance.

The framework we have devel oped has two
conponents: a set of scientific principles and
tool s supporting innovation, and a strategy for
regul atory inplenmentation that will accommodate
i nnovat i on- keys.

[Slide.]

Among ot her things, the regulatory
i npl ementation strategy includes creation of a PAT

t eam approach to the CMC revi ew and CGW

i nspections and joint training and certification of

PAT revi ew and inspection staff.

The Agency i s encouragi ng nanufacturers to

use the PAT franmework described here to devel op and

i npl ement new pharmaceuti cal manufacturing and

qual ity assurance technol ogi es.
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[Slide.]

The guidance is witten for a broad
i ndustry audi ence in different organi zational units
and scientific disciplines.

To a large extent, the guidance discusses
principles with the goal of highlighting
t echnol ogi cal opportunities and devel opi ng
regul atory processes that encourage innovation

[Slide.]

Bi ol ogi cs and PAT. The unbrella gui dance
covers biol ogical production within the scope.
Presentati ons before our comittee included
i ndi vidual s that were using, or conpanies that were
usi ng, process analytical technology to nonitor
fernmentation and purification of biologica
materials, so it fits if you can define those kinds
of controls.

However, the process differences that
occur in biologics may require or likely will
require additional skills and an expansi on of the
training and certification program

So, that PAT concept, the training of
reviewers and inspectors will probably need to be
expanded with training in biologics type PAT

applications. The standard chenical stuff is not

file:/l/l[Tiffanie/C/storage/0413PHAR.TXT (277 of 312) [4/27/2004 10:36:34 AM]

277



file:////ITiffanie/C/storage/0O413PHAR.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

going to work, you are going to have to expand it
beyond t hat.

But | think the concept that cane out of
our conmttee of having a training programand a
certification of conpetencies is very useful for
building teans to get around sone of the silos that
we have in FDA, that have been there, because those
silos contribute to poor science and poor
regul ation, sorme of them and that needs to be
straightened out, and this is a good attenpt at
beginning to do that.

[Slide.]

Acknowl edgrents. Aj az has done a great
job, I ama great fan of his efforts in taking this
and driving it forward because he has really done a
great job of pulling it.

Raj for doing the guidance. M former
col |l eagues at the DPA, DPQR, coll eagues that
presented at the PAT Conmittee, and those reports
are at that web site.

It has been a lot of fun for me to work on
the PAT Subcommittee. As Ajaz said, it was a
project that we started about 11 years ago, and to
see it cone to fruition now has really been great.

I think the industry has got to do nore,
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they are going to do nore as they reduce their
inventories and nove to just-in-time manufacture,
which will reduce cost, and, very inportantly, help
bring the vision of health to all closer

That's it. Any questions?

DR KIBBE: Any questions for Ton? Now,
we understood that you had answers to all of these
questions from Keith Wbber.

DR LAYLOFF: | do, | do.

DR KIBBE: If you could just tell us what
the answers are, we could all go to--Happy Hour,
right.

No questions? Perhaps, Keith, you would
like to |l ead us through these questions and try to
get at | east sonme of our collective wi sdomon sone
of them

Commi ttee Di scussion and Reconmendati ons

DR KIBBE: What technol ogies are
avai | abl e now to eval uate the characteristics of
protein products in real time during manufacturing?
Who has an answer?

Dr. Koch.

DR KOCH: | don't know if | could answer
that directly, but there are a nunber of nonitoring

met hods that are being used by those manufacturing
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1 protein products today, and it probably m ght be
2 best to pool sone kind of a conpilation fromthose
3 who are presently in that product arena

4 Oten fromthe place where | amsitting,
5 have a difficult time judgi ng what measurenent

6 techni ques that we devel op, and we have been

7 i nvol ved with technol ogi es that have nmade it into
8 comrerci al i zati on, but when we ask one of our

9 menbers is it working or how well is it working,
10 and their processes, we can nornally tell just by
11 the smle or lack of it.

12 So, we are in a situation where we are
13 devel oping tools for a tool box, and we are never

14 quite sure how well they are being applied.

15 I don't know, Gerry, you are probably in a
16 position, or Rick, | saw earlier
17 MR MGIACCI GO M background is on the

18 smal |l nolecule side, so | wouldn't want to | eap

19 into this.

20 DR. LAYLOFF: | have a question on what
21 does it nmean evaluate the characteristics, because
22 the sequence is pretty well clean on proteins. Are
23 you tal ki ng about secondary, tertiary, quaternary
24 structures?

25 DR. WEBBER: | amtal king about nore the
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overal |l structure, say, tertiary, and in those
cases where it is applicable, quaternary
structures, but also the post-translationa
nmodi fi cations structure of the product, which is
one of the |I think nost variable in ternms of what
we see to change during, say, fernentation, or it
can be selected out during purification.

You can get various species of product get
sel ected or rejected during purification, so that
is really what | was | ooking at there.

DR. LAYLOFF: So, it is not a process
closure, it is actually an assessnment of the
product coni ng out of the process.

DR. WEBBER: In this particular question,
yes, it is the product which is not necessarily
com ng out, but the product during nmanufacturing.
One of the areas that | have seen reported is the
ability to use--and | discussed it alittle
bi t--imunol ogi cal techniques or lectins to | ook at
structures.

For exanpl e, carbohydrates on products, |
haven't seen that in practice yet as a PAT, but
that is something that may be conming down the line.

DR KIBBE: Dr. Cooney.

DR. COONEY: First of all, this is a very
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i mportant question because this is a question that
rel ates what you make to its therapeutic safety and
efficacy, on the one hand, so part of addressing
this question is to understand the rel ationship

bet ween particularly post-translationa
nodi fi cation, glycosylation, acetylation,

phosphoryl ation, and so on, and its therapeutic

ef ficacy.

It is also inportant because a | ot of
those properties are known to vary with the
process, so whatever you use at this point for an
assay or an anal ytical technol ogy, |inks you back
to the process, on one hand, presumably you will
understand that |inkage, and links you forward to
the patient, on the other hand.

I think the advances in nmass spec that
have evolved with proteins and, in particular, wth
proteins that are nodified, is quite substantial
Quite recently, | saw ultra-high pressure
chr omat ogr aphy, whi ch takes advant age of a numnber
of innovations in chronmatography by being able to
go to very snmall particles with a very high anount
of surface area at very high pressures, and by
doi ng that, you can very quickly get a very high

resol ution of conplex m xtures.
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So, a conbination of size, shape nethods
pl us mass spectronetry and being able to work with
| arge nol ecul es and very small anounts of material,
that seems to be where things are going, and
provi des a very powerful armanmentarium of PATs.

DR KIBBE: Tom has anot her coment?

DR. LAYLOFF: | was wondering, on
chr omat ogr aphi ¢ procedure, whether or not you could
have subsequent post-translational nodification of
the proteins thensel ves. Denaturati on would be one,
but reactions with the supports thensel ves at
15,000 psi are reactive with solvents catal yzed on
t he supports.

I don't know how you validate the
separation tools at 15,000 psi

DR. COONEY: You raise a very good point.
The work on ultra-high pressure chromatography is
very new and sol vents and di ssol ved gases and
solvents are very reactive at those pressures
That needs to be sorted out. It's the right
question, and | think one can design the
experinents to get the answer.

DR. KIBBE: | feel like we are doing 1 and
2 alittle bit. Wat tools would allow us to

under stand the nanufacturing process better? The
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tools that will allow us to understand the product
will also allow us to go back and | ook at the
process.

Is there anything specifically that
anybody would |like to add on that?

DR LAYLOFF: | was going to say one of
the things that comes up, of course, in near
infrared, in applications, is that you don't have
to separate anything, you just look at it, and you
define your endpoints on a polyvariate system

It may be al so possible to do somet hing
Iike | ooking at a mass spec fingerprint wthout
separating anything, just |ook at the nass spec,
just hamer it and see what it |ooks Iike during
the course of a process, just hamrer it at
intervals and just see what it |ooks like until you
define an endpoi nt by another source, and then use
that as an endpoint indicator

DR KIBBE: Anything el se you need?

DR. WEBBER: Just one foll ow up question
with regard to No. 1 fromthe presentation that Dr.

Koch di d.

You had shown LC and NMR technol ogi es that

were mniaturized, and we like to think smaller is

better and nore PAT-1ike. Wuld those
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technol ogi es, as they are now, be anmenable to

bi ot ech products or do smaller nol ecul es, would
they be useful for |ooking at, say, fernmentation
conponents, and things like that?

DR. KOCH: We plan to have all those
techniques tied in with the fernmentation project,
so there are early reasons to believe that we wll
be getting data fromthem

I think one of the inmportant things to
poi nt out, when we even tal k about DNIR or Raman or
some of the others, | think we will find with tine
an array of technologies with a nultivariate
eval uation of the data is going to prove in the end
to be quite valuable, so that you can | ook at, and
see, the variations that are comng frombatch to
batch or systemto system

DR. WEBBER: Thank you

We had conpleted Item No. 2 or not, you
sort of led into that, but are there any other
comrents with regard to what tools would be
available to allow us to better understand biotech
processes?

DR. KOCH: Maybe just a conment on that
one. It seens like at the top of nost

manuf acturers' list is bioviability, and that takes
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on all kinds of definitions based on what product
one is working wth.

The nore tools that are devel oped to
determine the health of the organism the maturity
of the system or nmeasurenment or metrics to
determne when is the best tinme to harvest, there
is a nunber of things | believe are going to be

advancing there, both direct and indirect methods.

DR LAYLOFF: Then, there is also going to

probably be indirect nmethods, like on flow ng
stream systens, where you actually take the
fernmentation broth, react it on to other species,
whi ch coul d serve as a surrogate to where the
process is | ocated.

DR. COONEY: One of the things that will
surely happen in the diagnostics field is inprove
prot eom ¢ techniques. The genom c techniques are
not so bad, the proteonmics are still early stage,
but as we devel op better proteonic techniques, as
you devel op better imuno-based panels that are
important in diagnosis of disease, there is going
to be a spillover benefit to the application of
these to the processes thensel ves.

So, this not a static, obviously a static

situation, and | expect that the main driver for
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sonme of the new anal ytical techniques will not be
process understandi ng, but rather will be
under standi ng the biology, and that it is up to us
to take those sane techniques and those sane
met hodol ogi es and begin to apply themto the
processes.

The ot her piece of this, to enphasize a
point | made earlier, by being able to do a | ot of
measurenents on a snall scale, one can take
advant age of experinental design and | ook at your
experinental space, so these techniques that allow
you to do that are inportant.

Anot her area, | nentioned doing
| arge-scal e fernentati on type of experimenta
progranms, but you need to do this for downstream
as well, and there is a fair anount of work, there
is a nodest, well, there is alittle bit of work
bei ng done to mniaturize the downstream processes
that hopefully shoul d have the benefit of also
being able to do design of experinents on a |arger
anmount of downstream space at the same tinme, so
there is yet another area of devel opnent
particularly in the mcrofluidic space.

DR KIBBE: Just a quick followup

question of our experts over here. One of the
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things | have noticed whenever we discuss PAT, is
we deal with a trenmendous amount of data influx, we
get lots of data, and then we have to sort out the
data that is really valuable to us.

Is there arole to play for the
ever-increasing power of the conputational nachine
that sits next to the instrunent?

DR. COONEY: Absolutely yes, not only in
wor ki ng your way through |large data sets, but also
| earning how to do sinulation both at the nol ecul ar
scal e and upwards.

There is very interesting work being done
with nodeling of small nol ecul e-protein
interactions that is useful froma design point of
view, but it is also useful to explain sonme of the
phenonmena that you see in a process.

So, having |large conputational capacity is
very inportant both fromthe passive data m ning,
as well as the proactive process sinulation role.

DR. KOCH: | have to nore than second
that. The nunber of sensors being devel oped, and
that is just begging for a nunber sensor mning and
then into the data mining, and then on into how do
you handl e the nonstrous anmpbunts of data.

DR KIBBE: Just a personal opinion about
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accepting nonstrous anmounts of data is | sincerely
hope that the conpani es analyze it, pick out what
is inportant, and the FDA accepts only those things
that are worth | ooking at, and doesn't dermand every
ton that cones through the door.

DR SI NGPURWALLA:  Well, | have to
di sagree. | am suspicious of data nining because
you are | ooking at patterns. You may | ook at
patterns that are purely imaginary. There is a
cl assi ¢ exanpl e of consunption of al cohol and
professor's salaries. You know, there are dubious
correlations that can cone about.

Now, having said that, | think when you
are exploring any data--and | think you asked a
very good question, and | amnot sure if the
question has been addressed--with a | ot of data, we
are collecting a ot of data, by itself, may not
contain the know edge of the information that you
are really |l ooking for

You may collect a |lot of data which
provides information which is not really rel evant
to what it is that you are interested in. So, the
whol e idea is when you are doing a data anal ysis
rat her than data mning, what you have to do is

have sone kind of a hypothesis in nmind, have sone
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kind of a nodel in mnd, and the nodel is never
suggested by the data, the nodel is always
suggested by the science that you are | ooking at
and | et the data then give you the unknowns of the
particul ar nodel or help you change your nodel or

hel p you updat e your nodel.

So, | think your question is very nice and

very inportant, and | think it goes back to why
collect the data. You should have a purpose for
collecting the data. You should have an
experinental design in mnd when you collect the
data, and the design itself should be driven by a
certain hypothesis. So, this is nore of a
phi | osophi cal coment .

DR KIBBE: Of-line, we will talk about
t he phil osophy of making observations about your
surroundi ngs and t hen devel opi ng the thesis and
hypot hesi s versus havi ng an hypot hesi s and naki ng
your observations fit it.

Shall we go on to the next question?

DR. COONEY: | can't let this point go
unnoticed. | think that you are absolutely right,
and | |ike your hypothesis, and |I think the

experinment that has to be done to confirmit is to

increase the salaries of professors.
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[ Laught er.]

DR. KIBBE: \What processes in biologica
manuf act uri ng woul d benefit the nost from
i npl ementation of PAT? | think we are dealing with
fernmentati on here, and the al cohol is just
natural |y connected sonehow. Go ahead.

DR. COONEY: | would address this question
intw ways. One is if you | ook at which
particul ar products m ght benefit by early
i mpl ementation, and | woul d suggest that the
simpler the better, better to walk rather than run,
taking very conpl ex biol ogical products nade by
very conpl ex processes would be a very perhaps
difficult place to begin, so that | think one needs
to think about what are the |ogical targets.

But then within the process, it is
important to think about it, as well, because it's
in the fermentation that you define the initia
product that is being made, but a |lot of the
concerns about process variance occur once you have
made the product and it is then subsequently being
processed.

So, that suggests that you need to
met hodi cal Iy think through your entire process as

you do for a drug substance, but because there are
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nmore steps, there is nore conplexity, obviously,
there is nore to do.

But one of the characteristics of
biologicals is that it is inportant to get the
synthesis right, and then it is inportant to treat
it right once it has been nade.

DR DeLUCA: Let ne just add to that, |
think it's a good foll owon, and | guess we have
heard a | ot about the biological process in
fernmentation, purification, and certainly we have a
sensor technology in the Smart systens today to be
able to handl e that.

| guess | wanted to nove to the fill and
finish end of it, and I guess | have a | ot of
questions. You know, do you apply PAT to current
products? What properties can vary fromunit to
unit? \Wat does the variation nmean in the
phar macol ogi cal sense? These are the types of
questi ons.

But with regards to the biological, it
seens in the fill and finish that npst of these
freeze dried, so they are going to be lyophilized,
and | think in Iyophilization, this is not a
trivial situation here, and | think you think that

you put 10,000 vials into a chanber and you get out
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10,000 vials with little variation

You have to | ook at processing, and nost
products are processed and then filled in the
containers. |n freeze drying, the processing takes
pl ace in an individual container.

Each little container is processed after
it's filled, and the heat that goes to that
container is such that each vial doesn't see the
sanme tenperature, you |like to have a snall
variation across the shelves in the type of flow,
and the heating elenent, the fluid that goes
through it to heat and freeze, but it isn't.

So, you end up with, you could have
product that has a variation in noisture, you can
have products that vary in neltback coll apse, so
this can occur, so | think it is inportant that
when we are | ooking at PAT and | ooking at the fil
and finish, that noisture becones very, very
important in these |yophilized products and these
bi ol ogicals, and | think applying things like NIR
to that, | think nmakes this a very doable thing, to
be able to do that with every product. It's a
non-i nvasi ve procedure, and | think that is
critical

So, you have to bring in robustness in
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here. What can the product chemically tolerate in
the way of noisture? | mean it is being freeze
dri ed because obviously, it can't be put into a
solution form so noisture is going to have an
ef fect.

But what noisture content, can it tolerate
5 percent or nmaybe it only can tolerate a half
percent, or maybe there is an optimm noisture
content that is good, because you are going to get
into changes in tertiary and quaternary structure,
aggregation, and whatnot with regards to noisture.

So, | think that is an area that really
lends itself to PAT, | think is in actually
determ ning the noisture of these products, and
agai n knowi ng where, you know, what kind of
variation it can tolerate, and you have to sonehow
try to have sone idea of the pharnmacol ogi cal effect
of this, whatever the effect is of the noisture,
does it really translate into a pharmacol ogi ca
effect, but | think that is an area that needs to
be | ooked at.

DR KOCH. | would certainly agree with
that, but one other part of the biological drug
manuf acture, particularly fernentation, that I

think needs to be addressed is just the
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fermentation itself in ternms of reaction
engi neeri ng.

If you |l ook at today's fernenters, they
don't |look that rmuch different than they did 50, 60
years ago. Aeration is very inmportant, as it
nutrient and contact, so nmaybe the nost effective
fernmentation is where you optimn ze those
paraneters, and huge vessels are not necessarily
the way to do that.

I think we are in a sunk capital situation
where industry probably can't afford to redesign
the approach, but there are sone very interesting
approaches, that if you could nunmber up fromthe
mcro scale that Charles indicated, you m ght have
a far nore effective control of the material and
far less of inpurities that are bei ng generat ed.

DR. COONEY: | would like to add anot her
point to what Pat said. Wen one is doing a
de-bottl enecki ng exercise on a manufacturing
process to try and inprove the throughput, you
begin that exercise fromthe end of the process and
you work your way fromthe end forward.

One very | ogical way of thinking about the
application of the strategy, of PAT strategy, it is

due to exactly the same thing, that if you
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understand, if you really understand the product
and then you work your way back down the process,
that makes it easier to de-bottleneck and design
goi ng forward.

DR KIBBE: Since we started at the front,
then, noving towards the back with the questions,
we will keep going towards the back

The next question is for processes or
products that do not currently allow direct product
quality nmonitoring, what other strategies do you
recomrend for product quality control in addition
to control of in-process paraneters?

DR, SINGPURWALLA: | like this question

DR. KIBBE: He likes this question. 1It's
a Bayesi an question.

DR SI NGPURWALLA: Exactly. | amreally
i mpressed with your insight and intuition

There is a technology, and there is a
technol ogy called information fusion. Sonetines it
is called information integration. The basic idea
is this. The analogy here is like investigating a
crime. Some crime has been conmitted. You don't
know who has conmitted the crime. You are gathering
all kinds of evidence, and then you are pooling

that evidence in a very systenmatic way to nake a
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probabilistic judgnent about the crine. You cannot
make a judgnment with certainty, because the only
way to nmake a judgnent to certainty is to see
sonet hi ng.

So, you have a simlar situation here, and
the problemyou nention is common in other
scenari os where you cannot directly observe the
product .

You are not allowed to either observe the
product or test the product for whatever reason you
have, but you have evidential information. You
have i nformati on on degradati on, you have
informati on on other kind of attributes, and how do
you systematically integrate that information is a
wel | - devel oped technol ogy, and | think that would
be germane here to the kind of question that you
are rai sing.

You have a process, you cannot directly
observe it, but you presunably can observe other
things related to it. So, the question is how do
you systematically pool that information, and there
i s a methodol ogy, and, of course, it is Bayesian,
as our chairman so wi sely suggested, and it is
avai | abl e.

DR KIBBE: Do you have a different
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DR. LAYLOFF: No, | like Bayesian, but |
was thinking that the nonitoring and control, the
i n-process paraneters may be polyvariate with
respect to the quality of product.

It may be a series of interactions on
product quality, so the thing has to be |inked
together, so the evidentiary procedure may be many,
many different m xtures of it torelate to the
product quality.

DR. SI NGPURWALLA: Just to add to that,
you used the word pol yvari at e?

DR LAYLOFF: No, | didn't.

[ Laught er.]

DR SI NGCPURWALLA: It's nultivariate.

DR LAYLOFF: | know | did something
wr ong.

DR SI NGPURWALLA: The thing you want to
be careful about is this nultivariate information
may be interdependent because the sane phenonena
can appear under two gui ses, so you don't want to
add up, you know, the basic information should not
be added up. You have got to recogni ze the
i nt erdependence when there is a multivariate case,

and therefore the technol ogy, the mathematica
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technol ogy that you need has to be nicely refined
and carefully thought out, but the technology is
what | am suggesting is purely an anal ytica
technology, it is not a physical technol ogy.

DR. WEBBER: Thank you

Thi s question was nostly--1 think that's a
great answer, but we are looking at sort of, as Dr.
Cooney poi nted out, the oxygenation issues with
fernmentation, how that affects product. [If you can
under st and those, what sort of surrogates can you
use to nonitor or have a confort level with the
product quality based on | ooking at secondary
parameters, but | think the answer you have given
is one that we have to consider, as well, the
anal ytical nethods used to ensure that those aren't
interfering with one another.

DR. COONEY: There is a fundanenta
problemw th surrogates, and that is that many of
them come fromcorrel ative observation, and the
poi nt was made quite appropriately earlier that
when you take the data, develop a correlation, that
may work within a certain amount of space with a
certain set of assunptions, but it indeed is a
correl ation.

I think the challenge that we have is to
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take that correlative know edge and then create an
hypot hesis that, in fact, can be tested by one or
nore of the many techni ques that we are talking
about .

I think what we are really tal king about
inthis initiative is a change in the m nd-set and
the way that we think about devel opi ng and
expl oring and validating our processes, so there is
going to be a |lot of these iterations of | earning,
many of which will come fromthe surrogate
procedures and correl ative observations, but we
need to drill down and understand that we are
solving the right problemat the right tinme in the
ri ght way.

DR KIBBE: A az.

DR HUSSAIN. | think the points are well
made. As we were putting the gui dance together,
one of the key aspects that we did say that in sone
cases, correlations would not be sufficient froma
regul atory perspective, and we woul d | ook for
causality as a neans for making judgnents, and so
forth, and we sort of |eaned that way, risk in a
systens way, because keeping in mnd, you are
| ooking at a constrained space once it's in

manuf act uri ng.
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1 So, there are opportunities to utilize

2 correlations in some |lowrisk areas, but al so when
3 there is a risk associated, you mght prefer it to
4 be causal rather than correlative. That is how we

5 sort of structured the guidance.

6 DR KOCH:. | guess this supports the

7 Bayesi an approach, as well, we will find out in a
8 second, but rather than the crime anal ogy, | would
9 like to think of sonmething that is nore |ike going

10 to have a physical with a physician, where you are
11 actually trying, in our product quality

12 speci fications, you know, assuming that is the

13 perfect health you are | ooking for, but then

14 devel op a nunber of tests that woul d be anal ogous
15 to doing body fluids or x-rays or a bunch of

16 technol ogies, and then [ ooking at the results that
17 are com ng back like in the physician's office, all
18 of the tests are not going to be judged equally,

19 but if you have a blood pressure and a lipid and an
20 EKG that is out of a predefined specification, you
21 will start to spend your tine at that first in

22 order to see how the process is working.

23 So, you will have a lot of data to work
24 from but you will have to nmake sonme assunptions

25 early on in ternms of what type of data relate nore
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quickly to the final health of the product in this
case.

DR KIBBE: Jurgen, do you have any
opi nions so far?

DR. VENITZ: To respond | think to the top
four or five questions in terns of how do you link
all of this to the in-vitro potency, | think
Patrick alluded to that a little bit when he tal ked
about the fill stage, the late stage. You are
measuring attributes. You may or may not know what
they actually are other than they depend on some of
your process vari abl es.

My question, as a pharmacol ogist, is
al ways so, why should | care about that. It is
driven by your ability to neasure, not necessarily
by your ability to understand the consequences.

You do know it is affected by your process, but you
don't know whether it has any pharnacol ogi ca
consequences that | should care about.

So, whenever you are | ooking at those
steps, there has to be a |inkage between whatever
attributes you have to the ultinmate pharnacol ogi ca
activity of the product.

So, maybe that is nmy conment.

DR KIBBE: Thank you, Jurgen
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DR. WEBBER: | certainly agree with that
completely. | think one can nmeasure all sorts of
things, but you have to | ook at what the critica
product characteristics are, and that is sonething
that has to be determined during the clinica
devel opment stage and product devel opnent stages.

DR VENITZ: It goes beyond that. | mean
when | listen to the gentl eman tal k about what
process anal ytical technol ogy does, the way |
understand, it is basically a statistical way of
relating process variables and their inpact, their
criticality in terns of other attributes that you
measur e using some of those sensors that we heard
about, but that doesn't tell me whether | should
care about any of this, because you are really then
changi ng your variables to affect your attributes
in a way that you think it should be.

But my question is, so what is your
tenpl ate, how do you know that that is the way your
attributes should be, unless it is relevant to the
phar macol ogi ¢ activity of your product?

If it is not relevant, then, yes, you
m ght be inproving your process, but it is
cosnetic, it is not of any particular rel evance for

me to care about. So, as part of this in the
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devel opnment stage, nmaybe not in manufacturing, the
ultimate manufacturing stage, there has to be a
I inkage to the pharnacol ogic activity.

DR KIBBE: Go ahead, Pat.

DR. DeLUCA: Just to add, | think it is
critical that we have good control, | mean wth
regards to the fernmentation before it gets to the
fill and finish. | think that is essential. |
t hi nk when the product gets to the point where it
is going to be fornmulated and put into final dosage
form you want to have good control over that,
because in that finishing, there could be a | ot of
vari ation.

I just mentioned noisture before, but when
you are freezing, you are freezing an anorphous
form and then when you are drying, you get a |ot
of conversion into the crystalline states, and
there could be variation in the distribution of
crystalline and anorphous formin the finished
product, and that is going to affect the water
content and the effects, so there is a lot of
variation that can occur in that stage, that |
think there needs to be control over.

| support that there needs to be great

control in the upstream processing, as you
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ment i oned.

DR. KIBBE: Anybody else on the first
four?

That brings us to: What additional
el ements should be incorporated in a training and
certification programfor reviewers and inspectors
of bi ot echnol ogy PAT?

I amgoing to take the prerogative of the
Chair to speak first, and then you all wll tell ne
what m stakes | have nade

I have been involved with educating
coll ege level students for years, and one of the
things that | find is that they learn sonething in
a specific incidence or exanple, but they don't
learn things in the generalities, and one of the
nmost powerful tools we have to handle all of this
is a true and real understanding of the scientific
met hod and the application of the scientific nethod
to the problemin front of you, and not just
| earning howto do it in one situation, but
| earni ng how that works in any situation.

I don't know whether you can get that into
a training session, with a process that hasn't been
wel | devel oped and isn't tenplated, when you | ook

at the data you have in front of you and can use
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t hat .

The second is critical thinking. Oten,
students really don't know the difference between
facts and opi ni ons, because they have been trained
over their life to accept someone who stands in
front of themin a lecture hall and says sonething
as if they were saying facts, when, in fact, nost
of the tine we who | ecture give opinions about
everything and very little real facts.

They al so have a hard tinme differentiating
results fromconclusions. They |ook at the result
and i mediately leap to a conclusion that isn't
necessarily supported by the facts, and if we could
add anything to anybody's training who are going to
be involved in review ng data or doing inspections,
it is that level of sophistication that would be
very hel pful

DR SINGPURWALLA: | agree with you on
that point certainly. | really also think that
there shoul d be sonme kind of education and training
on basically uncertainty, what is the meani ng of
uncertainty, howto quantify uncertainty, what are
the different ways of quantifying uncertainty, what
is the difference between variability and

uncertainty, is there a difference, and basically,
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not statistics or statistical technology, but just
the background of what it is all about, | think
that woul d be very val uabl e because that seens to
be running through conpletely all the way here.

So, that is what | would like to add,
"parochial ."

DR LAYLOFF: | think also it would be
useful to turn to the biotechnol ogy industry, to
the people working in CMC, to try and hel p define
what attributes reviewers and inspectors should
have to properly eval uate, because those guys live
with that stuff on a daily basis, and | am sure
they would be willing to help.

DR. KIBBE: Judy.

DR BOEHLERT: Finally, | amgoing to nmake
a conment. M background is in small nolecules, so
| amsorry, but it would seemto me with the
conpl exity of these processes, that you m ght want
to go to industry and sort of talk with them and
think you know, as well, about what are the issues
that can occur, because things go wong in these
processes that don't go wong in conventiona
processes.

You have adventitious contam nation and

things that don't happen el sewhere, so
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i nvestigators, reviewers need to learn to ask the
ri ght questions and go beyond what they see to say,
wel I, what about this, what about that, could this
happen here, did this happen here, and that you
need to train people to ask the right questions,
because it's a whole different ball gane when you
get into these products.

DR. KIBBE: Anybody else? Do we have
anybody who hasn't spoken? Wuld you like to
comrent on our discussion?

DR. SELASSIE: | think I will pass.

DR KIBBE: What | amgoing to do now,
unl ess Keith has sonething specific he needs us to
do, is | amgoing to sumari ze

DR WEBBER: | didn't have anything
specific for you to do now. Maybe before you
sunmarize, | would like to thank the committee
certainly for getting together and addressing the
i ssues and the questions that we have, giving
presentations, and giving us your input on this
difficult issue that we have ahead of us.

DR KIBBE: You had five things that you
wanted us to help you with and sonme of them we can
hel p you with and sonetime we will help you with.

Starting with the first one, technol ogy
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changes at an ever-increasing rate since the

begi nning of civilization, each breakthrough in
technol ogy is taking shorter and shorter periods of
time. if you wait two weeks, there will be a new
technol ogy to neasure sonet hi ng.

The question is what do you need to know,
what good questions have you asked, and that is the
core of the quality of scientific endeavor, so make
sure you ask good questions, and there will be
sonmeone out there will develop a way of getting you
an answer.

No. 2, data collection is inportant. |
think there is fun in data mning, | enjoy it. | go
| ooking for patterns and try to devel op patterns,
but the question really is are these patterns of
correlation of cause and effect, how do you know
the cause and effect, and this boils down to being
able to think critically about the analytical data
in front of you

No. 3, variability control seens to be the
key. If we know how nmuch variation we can allow in
any critical step in order to still maintain a good
product, then, that is the variation we shoul d
all ow, and we should really | ook at variability on

each critical step in the process.
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If we know our critical steps, which is
al ways an assunption that we make, and we hope we
do, and we know the variability that will throw our
process out of control, then, we know where we need
to limt ourselves, and naking intelligent choices
about those limts are really inportant.

Rel at ed observations. | know ny friend
I'i kes, under No. 4, Bayesian approach. It all
boils down to critical thinking about the things
that you can neasure and the things that you need
to neasure, just because you can neasure it doesn't
mean you need to know about it. If it is sonething
critical you need to neasure, you need to find a
way to nmeasure it.

This brings us to No. 5, which | think
boils down to training people to think critically
and to apply the scientific method appropriately.
The quality of good science is the quality of the
questi ons.

The difference between a nornal researcher
and Al bert Einstein is that the way he posed the
questions allowed himto get breakthroughs and
answers. The other thing that he had that nobst of
us don't have, and | won't say any one of you

doesn't, is that he was never satisfied with the
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quality of the answer, and he always kept | ooking
for better and better answers.

Twai n said that what we don't know doesn't
get us in trouble. It is what we know that ain't
so.

So, we have to be very careful to avoid
t hi nki ng we know sonet hi ng about our process just
because we nmade a neasurenent, and it really isn't
sonet hing that describes the process, but it is
just a conveni ent measurement.

We find in clinical realmthat often a
techni que cones al ong | ooking for a disease to
di agnose, so don't |l ook for a technique that
di agnoses a di sease you don't have or woul dn't even
get. Just look for the ones that help you get the
answers.

On that note, | will end whatever
soliloquy | have.

Hel en, do you have a coment? | saw you
getting closer to the m crophone.

MS. W NKLE: No.

DR. KIBBE: W are going to be back here
at 8:30 tonorrow norning.

[ Wher eupon, the nmeeting was recessed at

4:30 p.m, to reconvene at 8:30 a.m, Wdnesday,

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (311 of 312) [4/27/2004 10:36:35 AM]



file:////ITiffanie/C/storage/0O413PHAR.TXT

312

1 April 14, 2004.]

file:/l//[Tiffanie/C/storage/0413PHAR.TXT (312 of 312) [4/27/2004 10:36:35 AM]



	Local Disk
	file://///Tiffanie/C/storage/0413PHAR.TXT


