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PROCEEDI NGS
Call to Order

DR LAYLOFF: This is the Process
Anal ytical Technol ogi es Subconmm ttee of the
Advi sory Conmittee for Pharmaceutical Science's
meeting. |f attendance of that programis not on
your agenda, you can | eave now.

My nane is Tom Layloff. | ama Speci al
CGovernent Enpl oyee with the Center for Drug
Eval uation and Research. My day job is with
Managenent Sciences for Heal th.

To start off, | amgoing to call on
Kat hl een to give you a briefing on conflict of
i nterest.

Conflict of Interest

MS. REEDY: Acknow edgenent Related to
General Matters Waivers for the Process Anal ytica
Technol ogi es Subcommi ttee of the Advisory Committee
for Pharmaceutical Science on February 25, 2002

The Food and Drug Administration has
prepared general matters waivers for the follow ng
speci al governnent enpl oyees, Drs. Judy Boehlert,
A oria Anderson, Joseph Bl oom Thormas Layl of f,
Robert Lodder, Melvin Koch, and Arthur Kibbe, which

permits their participation in today's neeting of
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the Process Anal ytical Technol ogi es Subcomm ttee of
the Advisory Committee for Pharmaceutical Science

The Subconmittee will: (1) identify and
define technol ogy and regul atory uncertainties and
hurdl es, possible solutions, and strategies for the
successful inplenmentation of Process Anal ytica
Technol ogi es or PATs in pharmaceutical devel opnent
and manufacturing; (2) discuss general principles
for regul atory application of PATs including
principles of nmethod validation, specification, use
and val i dation of chenonetric tools, and
feasibility of paranetric rel ease concept; and (3)
di scuss the need for a general FDA guidance to
facilitate the inplenentation of Process Anal ytica
Technol ogi es being held by the Center for Drug
Eval uati on and Resear ch.

Unli ke issues before a conmttee in which
a particular product is discussed, issues of
broader applicability, such as the topic of today's
meeting, involve many industrial sponsors and
academ c institutions.

The conmi ttee nenmbers have been screened
for their financial interests as they may apply to
the general topic at hand. Because general topics

i mpact on so many institutions, it is not prudent
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to recite all potential conflicts of interest as
they apply to each nenber.

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

W would also like to note for the record
that Leon Shargel, Ph.D., of Eon Labs
Manuf act uri ng, and Efrai m Shek, Ph.D., of Abbott
Laboratories, are participating in this neeting as
I ndustry Representatives, acting on behalf of
regul ated industry. As such, they have not been
screened for any conflicts of interest.

Wth respect to FDA's invited guests,
there are reported interests which we believe
shoul d be nade public to allow the participants to
obj ectively evaluate their coments.

We would like to disclose that Dr. Leon
Lachman is president of Lachman Consul t ant
Services, Inc., a firmwhich provides consulting
services to pharmaceutical and allied industries.

Dr. Kenneth Mrris would |ike to disclose
that his departnment receives funding from
phar maceuti cal conpanies directly or in consortia

progr ans.
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Dr. GK Raju would like to disclose that
he has contracts and grants from Pfizer and the
Consortium for the Advancenment of Manufacturing of
Pharmaceuticals. Dr. Raju al so serves as a
consul tant and speaker for these firnms. 1In
addition, Dr. Raju is enmployed by and has a
fiduciary relationship with Light Pharma, Inc.
Finally, Dr. Raju has affiliations with MT and
Purdue University.

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 are aware of the need to
excl ude themsel ves from such invol verrent 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 involvement with
any firm whose product they may wi sh to coment
upon.

DR. LAYLOFF: Any questions for Kathl een?

Ckay. | would like to call on Ajaz
Hussain, who will give us an overview of the PAT
and sone FDA perspectives.

I would Iike to coment on the speakers.
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The agenda indicates the speaker's tinme, and we
will rigorously hold to those time slots. Thank
you.
I ntroduction, Overview, and Objectives
for Subcommittee
Aj az Hussain, Ph.D.

DR HUSSAIN. Good norning and wel cone on
behal f of the O fice of Pharnaceutical Science,
Center for Drug Evaluation and Research. It is a
pl easure to have all of you participate in this
initiative and thank you again for being here.

I wanted to share with you a coupl e of
things. One is Helen Wnkle could not be here, and
she may just join us for a few m nutes now and
then, so Dr. Janet Wodcock, so they may be comi ng
through and attendi ng part of the neeting.

[Slide.]

Let me share with you some thoughts on the
Process Anal ytic Technology in terns of an overview
and objectives of this neeting. To do this, what |
would like to do is trace back sonme history of when
we got started, what it is and when we got started,
and so forth, and then focus ny presentation on
goal s and objectives of the subcommittee and

wor ki ng groups, what does FDA need or expect from
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1 you.

2 [Slide.]

3 Here is sort of ny view of Process

4  Analytical Technology. | amhoping that you would

5 cone up with a better definition of PATs by the end
6 of this meeting.

7 From ny perspective, PATs are systens for
8 continuous analysis and control of manufacturing

9 processes based on real -time measurenents, or rapid
10 measur enents during processing, of quality and

11 performance attri butes of raw and in-process

12 mat eri al s and processes to assure acceptable end

13 product quality at the conpletion of the process.

14 W selected the term"PAT" because | think
15 it is nore than process anal ytical chemstry. It
16 i nvol ves informati on managenent tools, feedback

17 process control strategies, product and process

18 design and optim zation strategies, so there is a
19 whole host of activities that constitute PATs in

20 our mind, and | would |ike to get your thoughts on
21 whether this is the right phrase and the right way
22 to define PATs.

23 [Slide.]

24 Why PATs for pharmaceutical s? W believe

25 optimal applications of PAT can inprove the
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capability and the efficiency of pharnmaceutica

processi ng while maintaining or inproving product

quality.

We achieve this through i nproved process
under st andi ng and this concept will help us to
ensure quality was "built in." That is our GW

term building quality in, or quality "by design."
No matter how you say it, it is the sane thing.

It also will help us reduce risk of scrap
and recalls, reduce production cycle tines and
enhance capacity utilization, and in the | ong run,
we hope this will reduce product devel opment tine,
because the science of fornul ation design energes
nmore rapidly by having an ability to nmeasure the
right thing at the right time, and this should help
in the long run to have nore science-based
formul ati on devel opnent strategies that can lead to
comput er - ai ded design, for exanple.

[Slide.]

One of the questions that always cones is
why, froma regul atory perspective, are we pushing
for this or why we are pronoting this. W believe
the current |level of product quality is generally
adequate for intended use.

The question that we are trying to address
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is the process itself. The process by which we
achieve this level of quality in many ways is often
inefficient. The reason we view it that way is we
feel that the current manufacturing paradigmis
skewed towards testing to docunent product quality
and rejecting or recalling products of unacceptable
quality. That is the paradigmthat has sort of

evol ved over the last 30 years or 40 years

[Slide.]

We believe that bringing focus on
manuf acturing is inportant to ensure high
efficiency of the U S pharnmaceutical manufacturing
sector. This is needed to provide high quality
drugs to the U.S. public in a tinely manner by
t aki ng advant age of the many new drug devel opnent
opportunities offered by advances in biology and
chemistry.

The point | amtrying to nake here is
product devel opnent is now tendi ng towards becom ng
a rate-linmting step, drug discovery is not. |
thi nk the high throughput screening and
communitorial chenmistry have provided a far greater
nunber of nol ecul es, interesting nolecul es, that
need to be devel oped as drugs, so devel opnent

itself is becom ng a bottl eneck.
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Al so, we want to ensure opti nal
utilization of public and private resources to neet
the grow ng heal thcare needs of the U S. public,
and | will elaborate on that in a few mnutes

Al so, equally inportant, we would like to
mnimze risks due to suboptimal pharmaceutica
process quality, so the focus here is on process by
whi ch we manufacture our products.

[Slide.]

Low manuf acturing efficiency, waste, and
hi gh cost of conpliance are sone of the aspects
that you will hear today fromdifferent speakers,
and we heard a nunber of interesting presentations
and data fromthe MT programat our Science Board
and from Pri ceWat er houseCoopers, and | think you
will see sone of that again today.

Because of the paradigmof testing to
docunent quality, we feel that there is a very high
need for high level of regulatory scrutiny from
both review and i nspection that is needed to assure
quality, and high proportion of our resources are
needed to maintain that quality.

Al so, there are recurring problens in
manuf acturi ng sector that do not seemto get

resol ved on a permanent basis, and al so, we
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continue to debate on many fundanental issues
bet ween industry and FDA, and we generally don't
come to permanent resolution

So, there is a need for fundanental
technology to cone in and a need for science to
come into manufacturing in a rmuch greater rate than
it has in the last 30 years

[Slide.]

Let me take a few m nutes and sort of
explain to you what | nean by "risks due to
subopti mal pharmaceutical process quality." There
are many sources of risk that cone into the system
You could |l ook at that fromthe devel opnent
perspective, how do you set the quality
speci fication, how do you assure manufacturing
capability, and how you woul d approve and i nspect
t hose processes.

It could be a circular argument, it could
be an argunent saying that all these three el enents
have to cone together to resolve and manage the
ri sk associated with suboptimal process quality.

[Slide.]

When | nmention that the quality of
products is high, but the processes by which we

achieve that is not as good as that can be, that
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means we are rejecting the throwing away a | ot of
mat eri al

Here is a sort of analysis that | nodified
from Doug Dean's presentation at the FDA Sci ence
Board. The nodification is trying to overlay the 6
si gma concept on the pharmaceutical manufacturing.
The present defect rates that you are seeing are
nmore statistical defects rates, not the 6 sigma
type of defect rates.

Based on sone of the information we have,
the sigma | evel of pharmaceuticals is around 2.5 or
2.0, whereas, in other sectors, it is far superior
interms of the defect rates that you have

Under cQGwP, for exanple, one way of
| ooki ng at that would be when failures and recalls
exceed 10 percent, we generally would say that
process is no longer validated, and that woul d
translate to a sigma of 1.65 in a statistical term
not in terns of the 6 signma concept that is very
popul ar out there.

[Slide.]

Al'so, if you look at the challenges that
we face is pharmaceutical out-of-specification and
batch failure rates, | think we generally plan for

5 to 10 percent, but we tend to accept that as
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necessary.

The data that we have seen fromMT tends
to suggest that exceptions of out of specification
are very dominant in terns of the |ong production
cycle times that you see, because investigations
have to be conpleted, and it is not uncommon to see
cycle times exceeding one year or reaching one year
when you have out-of-specification results.

Thi s has al ways been there for discussion,
and | just want to share one experience that was
publi shed in Pharnmaceutical Devel opnent and
Technol ogy, have repeated that several times, but
in light of the data that we have, this is very
tel ling.

I quote fromthis publication, "It is
aut hors' experience that validation exercise
precedes a trouble-free time period in the
manuf acturing area only to be foll owed by many
hours, possibly days or weeks, of troubl eshooting
and experinmental work after a batch or two of
product fails to neet specifications. This becone
a never-endi ng task."

I think this is one of the things which we
want to try to address is bring nore science, so

that we can have resolution to sone of this out of
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specification froma nore scientific perspective.

[Slide.]

So, looking at the risks of suboptinmal
process quality, what are the risks? The risks are
risk of releasing a poor quality product, recalls
are not effective quality control tools.

Drug shortages. First of all, delay in
approval of inportant drugs due to nanufacturing
probl enms, there is a high potential for disruption
in the availability of inmportant drugs. W are
facing that on a regular basis nowadays.

Production of |ow volume. Essential drugs
is also adversely affected because all the
manuf acturing focus tends to be on the large vol une
products, and some of the | ow volume products are
getting negl ected.

[Slide.]

Wt hout clear understandi ng of how one
optimzes formul ati on processes and how do you
define that at the early stage in drug devel opnent,
there is a tendency to have regul atory comm t nent
on inefficient manufacturing processes.

That | eads to continued optim zation
activities in the post-approval phase, and we have

a nunber of post-approval supplenents that cone
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t hrough because of that, or on the other hand,
there is a tendency to live with validated, but
i nefficient processes.

Recurring manufacturing difficulties |ead
to very low efficiency and capacity utilization,
and clearly, high manufacturing and regul atory
conpliance costs are locked in at very early
st ages.

[Slide.]

Conti nui ng on those risks, increased risk
of non-approval or del ayed regul atory approval

These are sonme of them sort of repeating
it, but each slide is froma different perspective.

There is increased potential for quality
probl ems confounding the clinical safety and
ef ficacy databases. | believe this is nmuch
under - appreci ated. Mre and nore because of the
devel opment crunch, optim zation, in fact,
devel opment of fornulation is being del ayed, and
the tendency is to use drug powder in a bottle for
early clinical trials.

That raises a risk which is a very
significant risk, but under-appreciated, the very
safety and efficacy database that you are

devel opi ng for approval could be confounded with
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quality problens, and we have seen sone exanpl es of
that occurring.

Past quality problems can del ay new drug
approval, and clearly, industry and FDA resources
are being spent on recurring problens. W need to
get away fromthis.

[Slide.]

The question is when did we get started on
this. This has been a long, sort of a project |ong
time ago Tom Layl of f had started something sinlar,
and before he retired and | eft the Agency, he and
had several discussions on this topic, so in ny
mnd at least, the third quarter of 1999, when
things started crystallizing that there is a need
for doing this, and Tomand | co-authored a
presentation on this topic at the FIP's M| ennium
Congress in San Francisco, and there were severa
ot her neetings.

One specifically that | want to nention is
the New Technol ogy Forum that the Roya
Phar maceutical Society had a lot to do with
crystallizing some of the thought process here, the
PhRVMA Techni cal Meeting, that is where actually
met Dr. Raju and saw sone of his data that added to

the thought process here.
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But the first neeting that we had
di scussion was on the 19th of July at the Advisory
Conmittee for Pharmaceutical Science Meeting where
we got strong endorsenent fromthis conmmittee to
nmove forward.

Then, we took this concept to the FDA
Sci ence Board on the 16th of Novenber, and that |ed
to anot her discussion and formation of the
Subcommi tt ee.

[Slide.]

I can ask the question when--froma
di fferent perspective now -when can conpanies
submit PAT-based applications or subm ssions to
FDA? W have never actually objected to this, they
could do it any tinme.

So, any tinme a conpany is ready to do so,
they can do it. However, there are many hurdl es
that seemto hold back PAT applications. It is
wi dely perceived that FDA will not accept PAT-based
applications, and this is not true.

[Slide.]

The hesitation is fromuncertainty, so
industry is hesitant to introduce PAT in the U S
and the reasons being cited are regul atory

uncertainty and risks that leads to a "Don't Tell™
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and "Don't Use" practice.

Sone of these are due to new questions
that we don't have consensus on how to address.
New t echnol ogy results in new questions, is the
met hod suitable, how do you deal with
chenmonetri c- based deci si ons, how do you validate
process and anal ytical nethods that are conbi ned
together, and also, clearly, old products plus new
technol ogy can rai se new regul atory concerns.

Sone of the inherent problens that are on
in the currently nmarketed products, how will we
address those when they become visible when you are
appl yi ng new technol ogy to those processes?

I think, nost inportantly, the biggest
hurdle | think we face is the m ndset, why change?
PAT applications will add to current regul atory
requi renents, and manufacturing is not really on
the hi gh agenda of many conpanies in terns of
manuf acturing is generally taken for granted.

[Slide.]

So, how we plan to facilitate introduction
of PAT? What we can do from FDA perspective is to
elimnate regulatory uncertainty. Qur position has
been that FDA will accept PAT applications that are

based on good science, and the key attribute is
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good science and how do we define good science, and
that is where you cone in is how do we devel op
standards for PATs.

W need information on how woul d we define
met hod suitability and validation, nultivariate
statistical and conmputer pattern recognition, how
woul d you rethink your critical process control
poi nts and specifications, changes, and then out of
speci fications.

We do not wish to have PAT and add to the
list of out of specification because sonme of these
can be very sensitive tools and you m ght just
i ncrease the out of specification rate because of
the sensor drift, and so forth, so how do we do
this without adding to the problens we face.

Qur position has been, and will be, the
current systemis adequate for intended use, and
that allows PAT to be introduced, not as a
requirenent, but as an option that each conpany can
decide for thenselves is this the right technol ogy
for their products, do they have the technol ogy and
know edge base, do they have the capabilities of
doing this, so this is not a requirenment, this is
an option to inprove your processes.

[Slide.]
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W al so would like to define conditions
under whi ch PAT may replace current end product
rel ease testing. W are noving, inproving process
controls to a point that end product testing in
many ways Wl |l be redundant.

The concept of paranetric release is often
used, but | don't like the term first of all, but
I think it is nmuch nore than paranetric rel ease
that we are tal king about, and | ook to you to
hel p define what that concept shoul d be.

We have to address invisible problens, as
I nmentioned earlier, and also | think one of the
key issues here is the review and inspection
practices. W need to have sone clarity, so that
you have nore certainty when you come to FDA how we
woul d | ook at the data and how woul d we eval uate
the data, and |l ast, but not the |east,
i nternational harnonization

This is not part of the |ICH process right
now, but down the road we will have to think about
it.

[Slide.]

We are currently nmoving on two tracks.
One track focuses on the General Guidance on PAT

The information source for this guidance is you,
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and we have planned two neetings. Meeting one is
this one, and there is a neeting being planned
sometine in June. W haven't set a firmdate yet,
and as soon as we have, we will let you know.

This activity will lead to a Draft
Qui dance, which woul d then be published for
comment, and then finalized. The inplenmentation
process woul d be a team approach for review and
i nspection, so we will have a Center for Drugs and
Ofice of Regulatory Affairs team| ooking at this.

On the other end, we have the parallel
track to this. W have been inviting conmpanies to
propose submi ssions now. W expect to receive
proposal s for subm ssions, | am guessing three by
the end of this year.

W will plan to have a revi ew and
i nspection plan for these subnissions and work with
the conpanies for sonme sort of a review and
i nspection process to the devel opnent effort, so
that we can hel p them answer questions as they cone
about, so that they don't have to do all, then come
to FDA and say this is not acceptable, so we want
to help and partner in that way.

This will help us bring nore information

into the Agency and actually hel p the gui dance
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process down the road al so

[Slide.]

So, the general guidance on PAT has the
foll owi ng goal s and objectives. W want to clearly
del i neate general principles and term nology to
bring the community on the sanme page, address
i ssues related to regulatory uncertainties, clarify
the regul atory process fromthe revi ew and
i nspection side, and we al so hope this will have
ot her tangible benefits.

We hope it will serve as a tool for
bui | di ng wi t hi n-conpany consensus. The | ast
several nonths, | have visited about five or six
conpani es, and one of the challenges | see within
compani es is different groups have no clue what PAT
is, and | think there are segnents in the conpanies
whi ch have done a trenendous amount of work, but
other parts of the conpanies don't even realize
what is happening, so how do you bring, say, the
R&D, the regulatory affairs, and the nmanufacturing
fol ks together to have consensus w thin the conpany
is inportant also.

We al so hope to pronote research and
devel opment activities in this area. | think there

is much nore to be done.
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[Slide.]

For the guidelines devel opnent process,
what we are doing at FDA is we have forned a PAT
Steering Commttee, and this is a CDER and ORA
conmittee. It is not just Center for Drugs, it is
Ofice of Regulatory Affairs, so you are bringing
i nspection and revi ew side together, working
t oget her.

The Steering Committee menbers who are
with us today are Doug Ell sworth fromthe New
Jersey District, Mke Oson fromthe field I abs,
Joe Fanmul are from O fice of Compliance, Frank
Hol conbe from O fice of Generic Drugs, Mheb Nasr
fromresearch side of CDER, Yuan-yuan Chiu from
Ofice of New Drug Chemi stry, and mysel f.

We have identified Raj Uppoor, a review
chemist, to wite this guidance, and the project
managenment woul d be Chris Col e.

We are al so devel opi ng several
conmuni cation tools which have not fully been
i npl emented yet. We have a web-based system for
i nternal conmunication, but we also have a website
on PAT on the FDA's website. Also, we have set up
an e-nmai| address for PAT-related. It is

PAT@CDER. FDA. gov, so we hope to get sone
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1 conmuni cati on goi ng using sonme of these tools.

2 [Slide.]

3 The draft gui dance that we hope to devel op
4 wll focus on applications related to use of

5 process anal ytical technol ogies in drug substance

6 and drug product manufacturing.

7 The point | want to nmake here is we are

8 not focused only on tablets, we are focused on al

9 manuf act uri ng processes, we are focused on al
10 technol ogi es, not just near infrared, so this
11 guidance will not be a near infrared gui dance,

12 it wll not focus on any technol ogy.

13 We believe that if we focus too much on

14  one technology, that will be detrinmental to other

15 technol ogy areas, and that is not the right thing

16 to do. So, this would be a general guidance
17 covering all manufacturing aspects from drug

18 substance to drug product.

19 [Slide.]
20 What | am hoping is at the end of this
21 meeting, you will get a sense of what should be in

22 this guidance. W have started drafting this,

23 these are sone of the outline or sections we think

24 shoul d be in the gui dance.

25 I wish you would take a | ook at that and
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towards the end of this neeting, provide us your

i nput on what this guidance should cover. | am not
going to wal k through those sections. | want you
to cone up with your suggestions of what should be
in that.

[Slide.]

| see there are several options for
i ntroduci ng PATs. This is the additional page in
your handout that | added this norning or |ast
night. | see several options.

Option one is a conpany night decide to
apply PAT to a currently marketed product, and for
that, they will choose one of the robust
formul ati ons or products, and apply PAT to inprove
efficiency, or, for exanple, it would be froma
safety concern for the operators. It nmight be a
potent drug, it might be a very toxic drug that
needs this application

Here, the benefits are inprovenent in
quality will be marginal, but the focus would be on
efficiency, focus would be on protecting the
operators, and so forth.

Option two could be you would apply to a
currently marketed product that needs inprovenent,

there is a |ot of problens associated with that,
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and here, | believe a step-wi se PAT approach m ght
be applicable.

VWhat | mean by "step-wise," is you start
focusing on the critical process variables that
m ght be creating the problem and just apply PAT
tools for a particular unit operation, not for the
entire thing, and do it step-wise until you get a
handl e on the manufacturing of that product, and
then you woul d nove towards a conplete on-line
anal ysis for that.

A third option, new products. PAT
utilized throughout devel opment and scal e-up, and
| ab-based tests are not only there to ensure
shel f-l1ife and/or for establishing public
standards. Once you have that system set up, you
would rely on on-line controls, and not end product
testing, so that dashed |ine says you nmay not have
to do routine testing, but only for stability and
only for public standard-setting purposes.

[Slide.]

You are a mmjor source of information for
us, and | am hoping at the end of this neeting, you
woul d be able to give us feedback on topics to be
covered in this guidance, hopefully start |aying

out general principles for setting specifications,
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val idation, and chenonetrics, and at |east reach
consensus on benefits, definitions, and
t er m nol ogy.

I don't expect to have the whole list of
termnology. | think we just want to get started,
but if we all agree that this is the right thing to
do, the benefits are there, | think that that wll
hel p us nove forward nore quickly.

We plan a second meeting where we hope to
have nore detail ed di scussion on opti nal
applications, identification and control of
critical formul ati on and process vari abl es, how do
you set specifications.

What | want to nmake sure is we think out
of the box here, when we set specifications, for
exanple, for blending, the current control would be
time. Instead of going fromtinme, we could nove
towards bl ending i s honmbgeneous, so we want to
think of nore performance-based specifications, so
that you don't have to deal with changes nuch nore

We also look to you for illustrative
exanples for inclusion in the guidance, and we hope
you will share sonme of that with us

[Slide.]

The neeting is organi zed today starting
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1 with industry presentations for this norning and

2 afternoon. W hope this will focus the discussion
3 We have provided to you several questions, which

4 are in your background packet to stimnmulate and

5 focus our discussion

6 We have four working groups, Benefits,

7 Technol ogy, Definition/Term nology. There is a

8 general working group, which | hope will cone to

9 consensus at this neeting, and the next neeting we
10 can |l ook at the option of disbanding that working
11  group and nerging the nenmbership with the other

12 wor ki ng groups. That is the hope. | amnot sure
13 we will reach that or not.

14 Then, we have a working process and

15 anal ytical validation, chermometrics, product and
16 process devel opnent, and we have pl anned only two
17 meetings. The challenge there is | hope we can do

18 this in two meetings.

19 [Slide.]
20 I just wanted to say a few things about
21 chemonetrics. | amjust focusing on that topic

22 because | think it needs some clarification
23 Chenonetrics, the term the fathers of chenonetrics
24 are the two listed. W have one of themin this

25 room
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Multivariate data collection and anal ysis
is what we are focused on. | think chenonetrics
can be much broader than that, but | think our
focus is on multivariate data collection and
anal ysi s.

We are | ooking at issues related to design
of experinents, principal conponent analysis,
partial |east squares, non-linear partial |east
squares, neural networks as a tool box set, but also
focus on nmultivariate calibration, process
nmodel i ng, patent recognition and classification,
signal correction and conpression, nultivariate
statistical process control, and other issues.

I think what we are |l ooking for is the
type of tools we should prepare ourselves to dea
with, general principles for validation, and there
are several things here that | just want to bring
to your attention.

Sof tware validation, there are many
di fferent approaches to that. One of the
approaches that | amlooking at is Center for
Devi ces, their approach to process validation of
conputer software, | think would be a good nodel
I will try to get you a copy of that guidance that

was recently published, and it is very |ogica
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gui dance of how you validate software

But | want to leave this podiumwi th the
followi ng challenges. |In this room we have very
different perspectives, different expertise and
affiliations. The challenge is | think we can cone
to the same page at the end of this neeting.

If we are able to do that, | think | wll
consider this neeting to be successful and get
ready for the second meeting, but the question |
think I would | eave here with is are two neetings
sufficient to gather information necessary to
devel op the general guidance.

We think it is because the scope of this
gui dance is so general and the processes related,
we can do a lot. By the tine we cone back next
time, we would have drafted that gui dance.

Al so, is the general guidance proposed the
most effective approach? | would like to hear from
you on that.

Thank you.

DR. LAYLOFF: Thank you, Ajaz. | would
like to point out to all the other speakers that
Aj az was on tine.

I have a couple of comments. |f you | ook

back, if you have been around the busi ness of
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pharmaceutical analysis for a while, and you | ook
at innovations and anal ytical technol ogy and the
invisible findings, | don't think that PAT will
bring to us the invisible findings that the
i ntroduction of GC and HPLC brought to us when we
swi tched from neasuring things by UV neasurenent
and conposite anal ysis when we went to individua
unit analysis by HPLC and GC. That moved us to a
new pl ane, and there were lots of invisible
probl enms out there that we encountered.

Simlarly, R'A radioi munoassay brought
to us a lot of invisible problens in
bi oavailability that we didn't know were there.
don't think PAT is going to bring us things of that
scope. | don't think there are that many things
hi dden under the rocks right now that HPLC brought
to us with inpurities and which Rl A brought to us
with bioavailability.

Qur next speaker now is Steve Hamond from
Pfizer.

Session |: Process Anal ytical Technol ogies
Applications and Benefits
Per spective 1
St eve Hammond, Pfi zer

MR, HAMVOND: Good nor ni ng.
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[Slide.]

I am going to speak about applications and
benefits of Process Anal ytical Technol ogy.

[Slide.]

I amgoing to work my way through six
exanpl es, three from APl manufacture, three from
drug product manufacture. | amgoing to sort of
skip through what | regard as a process. There are
a nunber of other things that we have done, but |
hope these six exanples illustrate sonme of the
things that can be done and the benefits of these
syst ens.

I have to say that nowadays, there al nobst
is a technology out there to do neasurenents if it
is required. You can alnost ask me to do sonet hi ng,
and given a few nonths, | can probably find a
measur enent technology to do it. So, the
technology is generally there to do nost things
that we need to do.

[Slide.]

The first exanple is the use of
md-infrared for action nonitoring, just sinply
studying a reaction in real-tine, inserting in this
case a probe actually into the reactor, and you can

find selective peaks in the md-infrared spectrum
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and watch the di sappearance of the reactants and
t he appearance of the product you are | ooking for

The big benefit of this on-line systemis
that you don't have to sanple it, so plant
operators don't need to go near the reactor. W
can get an accurate measure of the endpoint, and
that actually allows us to control inpurities. W
can bal ance when we want the nmaxi num agai nst
m ni mum amounts of inpurity formation.

[Slide.]

Havi ng made an APlI, one of the critica
process steps is the crystallization of the
material before it's dried. W regard this as a
big opportunity with this sort of device that we
can insert this probe into a crystallizer and
actually look at the crystals as they are formng
and nmeasure their size.

This system has a fast-movi ng beam of
light that comes out the end of the probe, and it
just shines across the particles, and it is able to
detect when it hits one side of a particle and when
it hits the other side of the particle, essentially
measures what we call a cord length, but it is the
di ameter of the particles. This is manufactured by

a conpany cal |l ed Lasentec.
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[Slide.]

This is the sort of data that you can get
wat chi ng your crystallization happen, is the safe
poi nt, and then you can see these size fractions of
crystals fornming. For this particular product,
what is really of interest to us is the nunber of
particles or crystals that we have between naught
and 10 microns.

This material |ater on goes into a process
where the anounts of fines in there really does
matter, and we found that by altering the speed at
whi ch we crystallize or even putting in cooling and
warm ng steps, we can nove these naught to 10
mcron particles up to here. That actually renoves
downstream processi ng probl ens.

But the use of this technol ogy, we think
will allow us alnost, for a lot of APls, to avoid
mlling all together. |If we can control the size
of the particles we produce in a crystallizer, we
can avoid a lot of problens |ater on.

[Slide.]

What is also very useful when you are
doi ng that sort of neasurenent is to put an
endoscope into the crystallizer and actually | ook

at the crystals, as well, because with that
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product, what we know is that these little side
crystals fornmng are a problem and what we really
want is these nice, big, well-formed crystals in
the mddle, so actually looking in the
crystallizer, as well as doing the neasurenents,
gives you a lot of process know edge about what you
are doing, so we control fines, we can avoid

aggl onerates, we can reduce the need to mll, and

generally we can control the particle size of an

API .

[Slide.]

Havi ng got the API, one of the common
steps that we use is to dry the material. This is
a typical dryer that we use. It's a pan dryer. W

have inserted a near infrared probe into the base
of the pan dryer. The near infrared is outside of
the fl ameproof area, and we use fiber optics to
interface to the dryer.

[Slide.]

This is a typical sort of profile that we
get of drawing this material. W are actually
renovi ng the solvent acetonitrile. 1t is where the
dryer is charged. You can see this |arge drop
here, that is increasing the intensity of the

absorption of acetonitrile, and this is the process
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whi ch we flash off the acetonitrile, and then the
gradual creep of the acetonitrile out of the
crystal s, because a certain anmount is actually
entrained in the crystals.

What is of interest here is this step
motion you can see here is a function of the
dryer's agitator. So, this not only gives us a
great deal of control over that drying process, we
can stop it early. This is all wasted production
capacity because the material was actually in spec
here, but we can gain a lot of information about
how the stirrer is actually working for this
particul ar product.

So, the benefits of this are inproved
capacity, which is cost, but again we can al so
control this process and nmake sure that we don't
damage the product by overdrawing it.

[Slide.]

I am now going to | eap forward to drug
product manufacturing, but staying with the thene
of drying. Wthin Pfizer, we have a new fluid bed
dryer systemthat we are working on

I nstead of having one very |l arge tower,
have three sequential small towers. The resonance

time for each of these towers is only about five
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m nutes, so we do crude drying of |arge anpbunts of
the water in the first tower, a partially dry
product moves to a second tower, and there is
actually a third tower here to do the final
pol i shing of the drying.

We have nounted these near infrared
i nstruments on each of these towers, so that we can
accurately offload one tower to the next based on a
measur enent, not just on a tinme.

[Slide.]

I just want to show you a drawing profile
for one of the towers. This should in theory be a
snmooth curve as you go froma wet material here to
a dry material here, but we found that isn't
actually, it's sawt oot h.

These sawtooths actually relate to the
filter cleaning. |In fluid bed dryers, they have
filters on the outlet to stop the product escaping.
Periodically, in this system the filter is
backfl ushed, so you get material that's on the
filters being pushed back into the dryer bow .

The material on the filters is actually
wetter than nost of the material in the bow, so
these, you have a nice drying curve, and suddenly

you add wet material fromthe filters back into the
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bow, and then that dries and you get the sane
process.

Not only can you control that drying
process to get to an endpoint, but you are getting
know edge about the function of the dryer, what are
the vagaries of it, and timng your offload of the
dryer relative to the filter cleaning actually
becomes inportant. The on-line technol ogy all ows
you to control that, before that even gives you the
informati on to know that is happening.

[Slide.]

I would now like to talk about on-line
bl endi ng. This has been driven by a new product
that we have where the APl is highly potent, and so
has exposure limtations for our operators.

We have nounted a small diode array
instrument actually on the blender. The instrunent
is battery powered, and it comunicates with its
controlling conputer via radi o nodens, which
actually allows us to have the instrunment in one
room and the conputer that is controlling it
sonmewhere el se, usually in another room but can be
up to 100 neters away Wi thout any probl ens.

[Slide.]

This is the system This is the battery
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for the unit plus the radio nodens are in this box
here. The instrunment itself, the diode array, it's
an in-gas diode array fromZeiss is in this box,
and then we have a fiber optic connecting to a
readi ng head, which collects spectrumthrough a
sapphire wi ndow that is nounted into the Iid of the
bl ender .

The head does not cone into contact with
the product, and this whole installation is
permanent. You can just detach the readi ng head
and take the bin off the system

[Slide.]

The structure of the reading head is one
of the vital points in the design of this
instrument in that we collect a spectrumfroma
circle, a dianeter of 30 nmillimeters.

The size of this dianmeter has been very
carefully worked out from experinmentation on the
depth of penetration and the density of the bl end,
so that we know that this reading head collects a
spectrum froma wei ght of sample of around 300
mlligrans.

So, what we have done is to design the
technol ogy, so it collects what we usually regard

as a sensible unit dose weight. This is very, very
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important in these sorts of neasurenents that you
design the technology to collect what are really
sensi bl e GW wei ght s.

[Slide.]

The sorts of data that this instrunent
collects look like this. These are typical near
infrared spectra. These are absorptions of
saccharin. W have done a nunber of draw batches
in this systemusing just saccharin in typica
pharmaceutical ingredients to just shake down the
system al |l together

This is the absorption of saccharin, its
aromati c absorption, and this is typical of the
change that we see in near infrared spectra during
a bl ending process. W can use the spectra in two
ways.

One, we can | ook to see when the spectrum
stops changi ng, because that gives us a bl ending
endpoint, but we also need to | ook at the variation
in groups of these spectra collected sequentially
to get a measure of m xing, how honbgeneous is the
bl end.

These are the typical sorts of absorptions
we | ook for that are specific to an ingredient. In

this case, we have an absorption here. The
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aromatic is specific to saccharin.

[Slide.]

We can al so find absorptions |like this one
that is specific to magnesium stearate, so not only
can we nmonitor the unifornity of the active, but we
can nonitor the uniformty of things |ike magnesi um
stearate, the lubricant, and this is the change in
the lubricant as that is mxed into the bl end.

[Slide.]

An easy way to look for an endpoint is
sinply to plot the change in absorbance of each of
these ingredients. In fact, what | am show ng you
here is saccharin that we regard as the active plus
| act ose and avicel, typical pharnmaceutica
i ngredi ents.

We are looking at the uniformty of all
those ingredients, not just the active. So, that
can give us an endpoint, but that is not enough.

[Slide.]

W need to know what is the unifornity of
the m xture, and the way we do that is we take
ei ght points, eight sequential spectra, and we
cal cul ate the standard devi ati on across those ei ght
poi nt s.

So, during a run, we may very well take 60
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measur enents, but they will be used. W can plot
those in groups of eight and watch the change in
variance. What that tells us is that we start off
with a decrease in unifornmty and then we reach a
poi nt when we start to gain uniformity, and that is
very typically these bl ending operations. This is
a uniformty curve for nmgnesi um stearate.

[Slide.]

I just wanted to show you one exanpl e of
this systemon a full production blender. This is
1,000 kilos of blend in this particular unit in the
pl ant in Sandwi ch in the UK

[Slide.]

It is interesting, the active for this
particul ar product is loaded in the nmiddle of al
the ot her excipients.

[Slide.]

This is the change in the aromatic
absorption of the active ingredient during the
bl endi ng process, so it starts here, and the
process moves down to here

[Slide.]

If we plot a cross-section through that
absorption specific to the aromatic, we see three

phases, a phase here where we don't actually pick
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up the absorbance of the active at all, because it
is actually still in the center of the blend, and
gradually migrating its way out.

Here is the migration phase. W also have
a third phase that we are pretty sure is the active
actually starting to coal esce. This active has a
tendency to formballs within the bl end.

But the point is that with that
technol ogy, we can get an understandi ng of the
process of that blend by |ooking at what is going
on inside that blender in real tine.

[Slide.]

The benefits of this system one of the
key ones for us is no operator intervention is
needed, the systemis totally automated. For somne
of the new highly potent actives, that has becone
very inportant.

You avoi d sanpling the bland. There is no
error due to a thief. You get this information in
real-tine. We can look at nulti-ingredients, the
uniformty of them how fast does one ingredient
blend rel ative to anot her.

W get an enormous anount of process
under standing. W can fingerprint the process from

stage to stage during scale-up. 1t gives us the
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ability to maybe blend to uniformty rather than a
set tine. W can actually adjust the blend time to
get to the quality endpoint. That allows us we
think to nove closer to right first tine.

We al so get fast release of the blend,
whi ch reduces their cycle times during manufacture.

[Slide.]

I just want to nmention N R anal ysis of
tablet cores. W have for several years now been
usi ng a manual systemto pass near infrared |ight
through the center of the tablet cores after they
are pressed.

This is quite a sinple device. A fiber
optic just passes the near infrared |ight through
the center of the tablet, and we collect the Iight
that has cone through.

[Slide.]

Just to show you sonmewhat of problemthat
this systemdetected in our plant in Australia.

The plant operators once an hour take a collection
of tablets. They take 10 tablets and they scan
them on that device and | ook at the average potency
and the content uniformty.

Each of the dots you see on this plot are

once an hour, a plant operator has checked the
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pot ency of the tablets being produced. You can see
towards the end of this batch we have super-potent
tabl et s.

That was identified as bl end segregation
in the bin, and the problemis easily cured with
changing the flow characteristics of the system
but the inportant point here is that that anmount of
scrutiny, this continuous nonitoring of this
process gives us the ability to detect these
probl ems, to know they are there, and to cure them

[Slide.]

VWhat we are trying to do nowis to nove
that testing into an automated fashion. On a |ot
of our tabletting nachines, we already have weight,
t hi ckness, and hardness neasurenment systems, and
what we are going to do is to conbine a near
infrared transm ssion neasurenent into that box, so
that the tablet press has this near infrared
capability.

We are going to sanple usually around 200
tablets per batch to check for content uniformty
and potency across the batch.

[Slide.]

That is a picture of the reading system

that we are going to use
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[Slide.]

I just wanted to show you the spectra
change that we can see in a product. 1In this case,
this product has the concentration of the APl is
0.2 percent, and we are | ooking here of changes
fromO0.05 percent to 2 percent. This is a placebo,
and these are the changes in concentration. So,

even at that very low |l evel of API, this systemis

nmore than capabl e of perform ng the neasurenments we

require

[Slide.]

In fact, this is a correl ati on between
HPLC measurenent for these tablets and a near
i nfrared neasurenent across the range of 0.1
percent to 2 percent.

[Slide.]

Again, the benefits for the on-line
anal ysis of tablet cores are very simlar to
on-line anal ysis of blends, but the one thing we
can do is use this systemto, in an autonated way,
comply with PQRI recomendati ons on sanpling unit
doses.

[Slide.]

I just want to end by tal king about our

vision for the future of this sort of technol ogy,
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because in our opinion, the best way to | ook at
content uniformty of a blend is to ook at it
under the microscope in this sort of way, or with a
tablet, again, to look at the matrix you have
actual ly made and ook at the unifornmity of that
mat ri X.

We have been devel oping | ab systens to do
this.

[Slide.]

What we would like to do is to take the
system | have already shown you with these
components, renove them and put imagi ng technol ogy
onto this blender, and actually look at the matrix
that we have nade in detail, and use that for
judging the quality of the m xture we have.

[Slide.]

In summary, the benefits of the inproved
control we feel give us an enhancenment on the
conventional testing that we already do. The
conventional methods do provide a product that is
fit for intended use, but certainly advanced
control gives us a better batch-to-batch
consi stency, better quality. 1In the case of APIs,
it can give you less inpurities and a nuch better

controll ed particle size.
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It should elimnate reworks/rejects, all
of the re's that we are used to in our industry,

i mproved under st andi ng, faster response tinmes to
custoner demands, certainly better productivity,
and, in the end, |ower cost.

Thank you for your attention.

DR LAYLOFF: Thank you very nuch, Steve,
and for staying on tine. It was a very exciting
presentation, very, very interesting new
t echnol ogi es.

I would Iike to call on now Doug Dean, who
will give us a Perspective 2.

Per spective 2

Doug Dean, Ph.D., PricewaterhouseCoopers

DR DEAN:. Thanks, Tom

Once again, ny nane is Doug Dean. | ama
Canadian living in Basel. | was worried yesterday
that as a result of the A ynpic hockey results,
that Canadi an weren't going to be allowed into the
country, but | did nake it in after all, so thank
you for that.

[Slide.]

Aj az asked ne to enphasize two things in
this short perspective for you. One is the

potential win-win and benefits that are actually

file:///C|/IWP51/WPFILES/0225PAT1.TXT (50 of 309) [3/28/02 10:31:30 AM]

50



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

out there, and the second is to |ink back to sone
of the basic criteria, the notivation for change
and the need to do things differently.

[Slide.]

I think if we | ook at where we are right
now as an industry, two things becorme fairly clear,
that we can't continue the way that we have in the
past, we have seen a nunber of exanples of that,
and that the potential for change probably relies
on slightly different approaches than we nmay have
taken in the past.

I think the third point is that there is
quite a significant potential for benefit, both to

consuners and to the industry and regul ators here,

as wel | .

[Slide.]

W [ ook at where those benefits will cone
from | see chiefly that it is going to be froma

conbi nation of factors - reduction in risk and in
concomitant increase in conpliance effectiveness,
and that will be a win for regulators and for
consuners, and as we have seen already in a nunber
of exanples, significant potential for reduction of
cost and that then leading to an increase in

sharehol der return. That will certainly be a win
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for the business and provi de additional resources
to be put back into research and devel opnent for
the creation of new products.

[Slide.]

Just take a noment here to | ook at the
chal  enges that are facing the industry. W are
all well aware of that, but I would like to very,
very briefly link back to sone of the macroecononic
factors here.

First of all is that in the past 30 years,
we have seen a dramatic slowing in the rate of
growh in the industry, and that is apt to
continue, probably |looking at single-digit growh
in the foreseeable future

[Slide.]

Wien we | ook at the total annualized
sharehol der return of the top 20 pharnmaceutica
compani es, we see that that has been steadily
falling, the inplication of this, of course, being
that we | ook to the sharehol ders for providing
capital that we can invest internally to do new
research, look for new products, and that is very
inportant to raise this, but yet we have seen it
falling consistently over the past nunber of years.

[Slide.]
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When we | ook at really the engi ne room of
the industry, what is happening in research and
devel opment, we have seen a coupl e of disturbing
trends there. One is that in spite of the dramatic
and steady increase in investnment in research and
devel opment over the last 15 years, the output from
that process as neasured in new entities has been
pretty consistently falling.

I think the figures that | have seen for
2001 indicate a slight uptake. There were about 32
new entities released | ast year, but overall, this
seens to be a steadily decreasing output fromthe
R&D process.

[Slide.]

As if that is not enough, when we | ook at
areas of exclusivity within a given therapeutic
category, over the past 30 years and nore, we have
seen that steadily decrease. It is getting nore
conpetitive, and the inplications there are that
there are reduced wi ndows of exclusivity to get a
return on the investnent that has been nmade to
produce the new entity, and really, no matter what
category we look at, that is a very consistent and
ongoi ng trend.

[Slide.]
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Wthin that macrocontext, when we | ook at
what we, as manufacturing professionals, have
delivered to the pharmaceutical enterprise, we see
that there are sone unnmet perfornmance expectations,
chiefly four points that we can | ook at.

The ability to utilize the assets and get
a return on the investnent that is made in those
assets is actually quite low, and we typically see
15 percent or less being a fairly normal figure for
asset utilization in the industry.

It has been said a number of tines
al ready, | woul d enphasize it again, we generally
begin every new financial year by assum ng that we
will scrap or rework between 5 to 10 percent of
everything that is produced in a facility.

If we | ook at what happens in the new
product introduction process, it generally takes
years as opposed to nonths to get a new process and
a new facility fully effective, up to speed, and
produci ng at project comrercial scales.

In conjunction with all of this, we see a
very, very consistent cost of quality across the
i ndustry of between 20 to 25 percent. So, | think
we can all agree that there is some significant

opportunity for inproving and changi ng sone of
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t hese performance figures.

[Slide.]

The basic conclusion here is that the
industry is under pressure, as nany industries are.
That nmeans that there is going to be nore
competition for resource, and manufacturing wll
have to contribute positively to hel ping take the
organi zati ons forward.

The good news about this is that there is
a lot of roomfor inprovenment, and | think when we
| ook at the nmain areas where we are going to see a
contribution comng from manufacturing, it will be
in reducing the level of cost to achieve the
required |l evel of conpliance and quality, reducing
the amount of tine that it takes us to become fully
operationally effective, and dramatically
conpressing the tinme to introduce new products at
commrer ci al scal e.

[Slide.]

We do a bit of root cause anal ysis here
and | ook at where the problens really start. W
see that it begins far before they ever get to
manufacturing, and a | ot of the problens that we
face in manufacturing are related to processes that

are transferred, that really aren't capable or are
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not conpl etely understood, and therefore very
difficult to nmake them operate at commrerci al
scal es.

The current approach to new product
i ntroduction creates a trenendous vol une of data.
Oten it is not the critical information that we
need to achieve the | evel of process capability
that we require in manufacturing. W need to | ook
at that.

That | eads to a phenonenon that we have
uncovered in a nunber of studies, that
approxi mately 50 percent of manufacturing costs are
| ocked in around about the end of Phase Il clinica
trials' production, and that neans that there is
really no scope for inmproving the cost structure
when we get to full-scale operational production
Clearly, that is not a good situation

Wth the enphasis on new product
introduction and tine to market, often there is no
basis to trade off the need for better process
under standi ng i n exchange for a little bit nore
time to achieve that process understandi ng, and
think this is sonething that needs to be better
under st ood.

[Slide.]
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So, when we try to link this back to PAT,
we will see that there are three key factors here
that consistently come up. One is that inproving
potential neans that we need a better visibility of
val ue- added versus non-val ue-added activities in
manuf acturing, and I will show you what | mean by
that in a nmonent, but we will find that process
anal ytical technologies will help to elininate a
| ot of the non-val ue-adding activities.

The way that we are currently neasuring
production effectiveness is usually MRP Il driven,
and frankly, the netrics are nost often produced
for accountants rather than for inproving
productivity, and we will see that the kind of data
and information that we get from PAT-1ike
technologies will enable a better window into the
measur enent of the production processes.

A lot of this is linked back in reducing
cost, to getting it right the first tine, and
think we will see, and we probably all agree here,
that PAT will definitely support this and all ow us
to nove to a nodel that is nore oriented towards
productive quality managenent rather than reactive
quality.

[Slide.]
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Just as an exanple here, |ooking at a step
in production of a solid dosage form this happens
to be a dispensing activity. |t takes three days.
Wien we | ook at the val ue-added time, the actua
measuring out of the material that is required
there, it is actually a relatively small proportion
of the total tinme taken in that step, all the other
activities adding no value to the conversion of
those raw materials, but consuming a ot of tine.

[Slide.]

If we proceed in this particul ar
exanpl e--again this is all the dosage form -1 ooking
at the concatenation of all those various steps,
| ooking at the way cost and tine were aggregated as
we go from di spensing through to packagi ng and
final release, 35-day process, of which only three
days of the process are actually adding value in
the conversion of raw material to finished goods.

[Slide.]

What we generally see is that there is
trenmendous scope for reducing a lot of this
non-val ue- added time, and we woul d generally expect
that if one knows what the actual val ue-addi ng
portion of the cycle tinme is, roughly, about two

times that is the length or the naxi mum conpression
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that you can expect to achieve, so for a three-day
val ue- added cycle tinme, we can probably get that
total process down to six days at best.

You elimnate a lot of activities and get
a lot of things right the first time to do that.
That means that there is an associ ated cost
reduction that cones with that, and these figures
that | am showi ng here are by no neans out of the
ordinary. | think that is a fairly representative
situation.

[Slide.]

Just for a nonent, |ook at the way we
measure things in manufacturing. There is usually
a great allocation of |osses and unexpected
activities, that we really don't have nuch
visibility over, and if we look at trying to
quantify better what is happening in unschedul ed
down time, what happens when we |ose tinme
operationally, and how nuch tine are we actually
spendi ng producing materials that are scrapped or
reprocessing materials that were not done right the
first tine.

If we could actually get better visibility
of that, it would help to elimnate the root

causes, understand the root cases and elimnate the
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problens that lead to those inefficiencies in the
first place. Process Analytical Technol ogies wll
hel p greatly to achi eve that.

[Slide.]

Aj az has spoken al ready today about the
sigma netrics, measuring the ability of a process
to be right the first tine. | think thisis a
critical thing to consider. W see that in sone
i ndustries, the aggregate sigma |evel of production
facilities is sonewhere around 5, 5 1/2 sigm, and
we typically see it is a function of dosage form
but average and general ly speaki ng, about 2.5 sigma
in the industry as a whol e.

That correlates very well with our
observed | evels of the cost of quality in nost
dosage form production facilities of about 20 to 25
per cent.

[Slide.]

Where that variability comes from due to
two things. The inability to maintain a process
within its upper and | ower specification limts,
and the inability to maintain a process stability.
It may be producing very tight output, but it may
not be stable and it may wander a bit.

So, if we can understand what is causing
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that and neasure that in a real-time or a near
real-tine environmental, it does help to control it
much nore effectively.

[Slide.]

W | ook at where the benefits will cone
from It all rolls up to the unit cost of
production, and benefits will accrue in a nunber of
different areas. |If we can get it right the first
time, and reduce scrap, we will reduce nmateri al
cost, and if we are nore effective in assuring
quality, we will reduce period costs and expenses.

If we get it right the first tine, there
is an overall effective increase in process
capacity, and if we are scrappi ng and reworking
|l ess material, then, there is an effective increase
in the process efficiency overall, leading to a
fairly dramatic drop potentially in the unit costs
of producti on.

[Slide.]

If we | ook at what a 5 signma
phar maceuti cal production facility could be Iike,
cost of quality and conpliance would cone down from
about 20 percent of period costs to about 3
percent. That would be nore than 50 percent | ower

than a typical facility in operation today, but a 6
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full conpression in cycle tinme and with a better
process understandi ng, hopefully, newy introduced
processes that are effective al nost i mediately
rat her than taking a nunber of years to understand
the process and get it right.

The key enablers that we would see in al
of this, better process understanding and sone sort
of a paranetric profiling, and sone ability to
trade off the need for process understandi ng versus
time in the devel opnent process. These are al
prerequisites to appropriately using PATs as we
woul d see it.

Then, the application of Process
Anal ytical Technol ogies in production itself, al
based on probably, as Ajaz has al ready conmented
on, the need for sone basic |IT-enabling
technol ogies to tie all of this together

[Slide.]

The big benefits are going to cone in
terms of the inprovenents in the conpliance
infrastructure and increasing the effectiveness of
that conpliance infrastructure. Looking here at a
2 sigma conpliance and quality cost curve, which
aggregates the cost of internal and externa

failure, the cost of appraisal and prevention
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If we had a facility that was capabl e of
operating at 5 sigma, what that would nean is we
coul d nove our operating point potentially at a
significant reduction in operating cost, achieve a
much hi gher |evel of conpliance and quality.

[Slide.]

In summary, then, | think one of the
things from a busi ness perspective what we will see
going forward is to inprove productivity. It is
going to be absolutely necessary to neasure things
inadifferent way. | believe that the application
of Process Anal ytical Technol ogi es are fundamenta
in enabling us to do that.

We will need, however, nore than just an
aggregation of technologies that are applied in
various points in a production process. It wll
need to be tied together and linked with different
ways of working, particularly in the discovery and
devel opnment process.

There is, in ny view, very, very
definitely a significant win-win here both for the
industry and for the consunmers and for the
regulators, and | think that is what we shoul d be
focusing on as we deliberate the various things

that have been put forward for us here in the
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nmeeting today and tonorrow, and going forward for
the neeting potentially in June.

Thank you very much, M. Chairnman

DR LAYLOFF: Thank you, Doug, for keeping
on time. Thank you very much.

Now we are going to have tinme for
subcommi ttee discussion. | would comment, Doug, we
think the hockey win once every 50 years is about
2.7 sigma, and that is acceptable.

I would rem nd the Subcommittee nenbers if
you would li ke to speak, that you push down on the
m crophone switch until it turns red, and if it's
red, it is active. Wien you are through speaking,
push the button to turn it off.

| open the discussion nowto the
Subcommi tt ee.

Any questions?

Subconmi ttee Di scussi on

DR MORRIS: Actually, this is nore by way
of cormment. | think the win-win potential is, of
course, outrageously high. Two coments, though.

One is that conparing the sem conductor
i ndustry to pharmaceutical industry does have a
coupl e of inherent problens in that the conplexity

of the systens we work with are quite different,
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mean in terns of understanding of the physics of
the raw materials, there is quite a big difference,
not that that can't be addressed, but it gets
addressed at one level, at the level it can, and
you still will probably never get to the point of
taki ng an organi c nol ecul ar system and
characterizing it as well as you can in an atomc
system

The other thing, and this is to Steve's
point, is that if I go to you and say | need a
sensor for sonmething, you can find the sensor
The question is what should | be monitoring, and
that is the other difference.

There are sone things that if you need to
moni tor moi sture, you nmonitor noisture and that's
done, but there are other things, electrostatic
charge, for instance, if | tell you |l need to
monitor that, it is not at all clear how you woul d
do that or what it is that really contributes to
the generation of it or its problem

So, thisis alittle bit in terms of, ny
comrents, that is, are a sort of directed towards
maki ng sure that we ook at the raw materi al
vari ations which are very often the major cause of

these problens even if you have a process that is
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wel | defined, change the raw materials, and there
you are, out the door, which has been nmuch nore
fully addressed in the sem conductor industry, for
i nstance.

The | evel of R&D, that your plot has
actual ly included discovery R&D, as well, so if you
| ook at the process R&D, the question is what is
the return there, and | suspect it will be sort of
simlar, though, in the sense that we haven't
really put the kind of basic R&D npbney agai nst
understanding the raw materials as well as we
m ght .

So, just to sort of frane the under side
of this whole issue, | guess, | think we need to
make sure we keep all of this in our heads.

DR LAYLOFF: | woul d ask as anyone
speaks, to identify thenselves, and that was Ken
Morris.

DR MORRIS: And it still is.

DR. LAYLOFF: Any other conments or
questions?

DR BOEHLERT: Judy Boehlert. | guess
direct this question to M. Hammond. | don't know
whet her you did the PAT studies on old products or

new products, but ny question is probably the sane.
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Can you tell me, did your focus change,
did you spend nore tinme | ooking at a product
devel oprment formul ati on and quality of raw materia
i ssues or process devel opnent, you know, control of
the process and transfer, is there one area where
you put nore of your focus?

MR, HAMVOND: For that particul ar product,
I was asked to focus on nonitoring the process and
controlling it, but I would add that we have an
extensive near infrared database that we use for
raw materi al conformance, not just identification.

We do actually track trends of raw
materials to | ook for rogue batches that will give
us some problenms in manufacturing. So, under a
separate program we are doing that as a gl oba
initiative, tracking raw materials in terns of
consi st ency.

I nmean you are absolutely right, you
install this sort of technology, but if the raw
materials change a lot, well, you will see that it
is, but you really want to elimnate that before
you ever get that into the process, and that is a
huge part of right the first tine, so we are
addr essi ng that.

DR BOEHLERT: | would agree. | have |ong
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believed that the quality of the raw materials we
used in process is the critical factor that perhaps
hasn't been studi ed enough, particularly when it
conmes to physical properties.

DR LAYLOFF: | think that is what Ken was
di scussing, that there are critical control points
that you may or may not have identified, and sone
of themare associated with. | think it was quite
i nteresting, though, that crystallization
nmoni toring, so that you could assure better
consi stency of incoming material streans.

DR. LACHVAN: Leon Lachman. On the sane
subj ect, on control of materials, what about
potential contam nation of materials, will you pick
that up?

MR HAMMOND: We will pick up certain
contamination, particularly chenical contam nation
but in nost of the systenms that we use, we woul dn't
pi ck up biological contamnation, | think, which is
an issue, but that is sonmething we are researching
at the nmonent, |ooking for rapid biological testing
systens actually that we can install in a
war ehouse, and have war ehouse operators | ooking for
bi ol ogi cal contam nati on

Metal contam nation is another one where
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at present, the types of technology we are using
does not pick it up very well, and we are | ooking
at advanced netal detection systens.

So, there is a lot going on in terns of
| ooking at the quality of the raw material s,
because obviously, it is key to being able to do it
right the first tinme.

DR LACHWMAN: | think what this sort of
indicates to me that there was a lot of effort
going into the Rpart of R&D, but | think there is
going to be a greater effort that has to go into
the D part of R&D now, when you get into these new
technol ogi es, and this has not been existent in the
past .

I think before you can get to using these
routine in-process controls, validation controls,
you are going to have to do a | ot nore devel opnent
effort, and | think that is where there is a big
lag or lapse in this whole R& effort.

DR LAYLOFF: Thank you. | think | agree,
Leon, there is going to have to be nore devel opnent
work going with it. | think what we see a | ot of
i s consistency assessnment for the process contro
where you are actually | ooking at consistencies

rather than the incomng quality stream
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I think the incomng quality streamwil|
have to be addressed with other technol ogi es, and
that nost of the PAT areas are consi stency
assessnents, and | think only the added
cont ami nation of bacterial contanination or netal
cont am nati on, which can occur in the process, or
stability problems would not show up there, but the
consistency is what we are | ooking at.

I think that dinmension has not been
addressed well by the current technol ogies, but
these other aspects are not hidden rocks. They
have been there all the tine also.

DR MELVIN KOCH: Mel Koch. | guess | was
going to make a couple of points, the tone of the
two di scussions here, one, and the inportance of
i mprovi ng devel opnent, | think is becom ng
apparent.

I have had the inpression that the cost of
mar keting, of formulation, of registration were
al ways domi nant relative to the percentage of tota
cost of manufacturing, and that is changing, as it
has to as the industry is facing sone of the
probl enrs we have heard.

Now addressing 6 sigma and certainly

trying to identify with the achi evenents that have
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occurred in the sem conductor industry is still a
stretch, and | think nost people who have gone
along the 6 sigma route have found out that maybe
they can only achieve a 3 or 4, approaching 5 sigm
result.

The next phase is | think even nore
i mportant than recogni zing the inportance of 6
sigma, and that is in the design for 6 sigm, that
nmost peopl e have assumed, say, in the discovery
process or even in the early devel opnent process,
that chem stry done at a one liter scale is the
real chemi stry, when, in fact, there is a lot that
occurs in getting to first principles of what is
chemi stry and getting into often mniaturization
di f fusi on-based controls, et cetera.

So, inproving in the understanding or the
principles of putting the early stages of the
process together and monitoring at that phase, |
think is what is going to show the real results.

DR. HUSSAIN: A couple of coments. |
think the point that was made with respect to
physical attributes of raw material is a critica
one, and | think that was the first thing that
attracted me to PAT.

I think controlling crystallization of a

file:///C|/IWP51/WPFILES/0225PAT1.TXT (71 of 309) [3/28/02 10:31:30 AM]

71



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

drug substance is one part of the story, but the
raw material excipients, we generally don't have
that | evel of control on those, and are unlikely to
have that control because of the nature of that
segment .

But havi ng technol ogi es that can give you
val uabl e i nformati on on both physics and chemi stry
of that material is inportant, so starting with PAT
applications of the raw material, processing itself
is critical. That was one point | wanted to nake.

The second point, | was a bit surprised to
see in Steve Hammond's presentation, reference to
PRI, and | think it nmakes sense, but | would sort
of position that froma different perspective.

In PRI, the stratified blend sanpling
proposal that is being proposed focuses on the
product itself, so again, it is still in the
concept of testing for quality. | think with PAT,
you are doing it nmuch ahead of tine. So, that is
where | woul d put PAT application

DR. LAYLOFF: | agree. |If the excipients
are a key factor and since nbst of them cone from
the food industry, they are not going to put the
control on themthat you could exert on the other

phar maceuti cal conponents.
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| amnot sure what it is as a val ue-added,
though, in terms of clinically, you know, how
i mportant the added control would be in terns of
cost and clinical effectiveness if you did contro
it, because the clinicians, the way they prescribe
the stuff is really quite sloppy conpared to the
way it is produced in the industry, but | think
there are a |l ot of cost saving factors that could
be introduced here by adduci ng the consistency, but
I think it is clinically significant as a factor
al so.

DR. LACHVAN: | would say it also impacts
on processing significantly. That is where it is
going to play a major role, because npbst of your
solid dosage forms are excipients with the rare
exceptions when a drug is a major portion of the
product .

DR. HUSSAIN. Tom | think the point | had
tried to make was quality probl ens confoundi ng safe
and efficacious database. | think linking quality
to safety and efficacy is always a chall enge, and
how we do that, | think we will always face that
chal | enge

But one perspective on that issue is when

we devel op our products for clinical testing,
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clinical trials, the fundamental foundation is the
quality. |If you don't have a quality product,
then, how do you get safety and efficacy? So, it's
a circle of argunent.

DR LAYLOFF: If the pivotal lot is
sl oppy, then, you are up a creek.

DR WLLIAMKCCH | amBill Koch from
NI ST.

I am seeing two chall enges facing the
whol e Process Anal ytical Technol ogies. One, that
is the know edge of the nol ecul ar properties of
both the reactants and the products that we hope to
achi eve.

I think for a long time, the sciences
deci ded we know all the thernodynami cs and ki netics
that we need to know. | think we need to rethink
that and go back and | ook at thernodynam cs and
ki netics and get the data that we need, so that we
can understand the nol ecul ar properti es.

| agree, looking at Adans is relatively
simpl e. Looki ng at conpl ex nol ecul es becone nore of
a challenge particularly exasperated now that we
have hi gh throughput screening and conmunitori al
techni ques, and we are maki ng new nol ecul es,

thousands and m | lions of new nolecules a year. W
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don't really understand all the properties, both
chemical and structural, which then begs the
question of how you are going to measure all these
things, and puts another chall enge, devel opnenta
sensors, that can nmeasure the properties that we
need.

Until | think those two research aspects
are addressed and recogni zed, we are going to have
alittle difficulty going forward with process

anal yti cal

DR. LAYLOFF: Then, we throw into the box,

differential glycosylation on proteins, and then
you are whol e anot her box.

DR MORRIS: | think the structura
aspects in particular, which is nore in ny area of
i nterest, becone chall enges to be neasured, but
first, you have to know what it is to measure.

I didn't want to say anything, but since
Steve has already said it, | nean if you | ook at
the sort of databases that are being generated by
compani es, like Pfizer and others, it is really
those data that are going to ultimately tell us
what it is we have to neasure when we cycl e back
t hrough actual experiences with failures, because

the idea is that it is not enough just to be able
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to very accurately docunment when your process
fail ed.

It is to be able to generate formul ation
and process devel opnent that keeps it fromfailing
and at scale, as we were saying, and, of course,
Tom you have been preaching this for a long tine,
but just a clarification.

DR KIBBE: | have got a coupl e of
questions for M. Hamond, nore on the regul atory
end of what is going to happen down the road,
because we are supposed to be advising the FDA
about how to regul ate.

The question first is you went to an
i n-process PAT in which location in your worl dw de
net of |ocations, and why did you go there in that
| ocation instead of a different one, what was the
environment that made it worthwhile to do it in

that | ocation?

MR. HAMVOND: The on-Iline bl ending system

the location that that would be installed inis in
Germany, Tanquiller-tissen. W went there because
of the safety issues of handling the APl in that
product. It has essentially got to be nmade in a
contai nment facility, and there can be no operator

intervention at all with the blends or the tabl et
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cores. Until you have coated them they are
essentially a real safety risk

So, the driver for the PAT there was nost
entirely safety, so we needed to control the
process w thout operators going near it.

DR. KIBBE: So, the conpany nakes that
product only in that one |ocation?

MR HAMMOND: It will do, it's a new
product .

DR KIBBE: But you selected a |ocation to
mat ch. The question | really want to get at is,
was there a regul atory aspect to your decision to
go to that location to be the plant to nmake that
product using this process, how was that |inked?

MR. HAMMOND: | don't know that there was
any particular regulatory reason for going to that
plant. | think that plant was chosen because they
felt that that plant was fairly advanced in PATs
and coul d handl e that technol ogy.

They were also a fairly high-tech plant
that woul d handl e that product, but in terns of the
regul atory issue, they are going to be a worl dwi de
source for that product, so they have every
regulator in the world to worry about.

So, | don't think that the site was chosen
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for any regul atory perspective.

DR KIBBE: Let ne just follow up. Your
company then is confortable that our agency woul d
accept that product here using this technol ogy,
right?

MR. HAMMOND: Yes. Well, | nmean at this
stage, we are talking to the FDA about what we are
going to do with production of that particularly
difficult to manufacture, very safety issue
product. | nean one thing we are hoping to do is
to partner with Ajaz and show CDER everything that
we are doing in terns of that nonitoring
technol ogy, so we are hoping to work with the FDA
on that.

DR. RAJU. Just to add on to that, kind of
push that question a little further, is it fair to
say that in many ways the FDA is considered to be
one of the tougher regulatory bodies in terns of
bringing in new PAT technol ogy on their exanples,
such as Australia, where they have nade nore
progress?

MR HAMMVOND: Yes. | nean this product is
a case to point with. The biggest opposition to
usi ng the new technol ogy on the product was not

that people think the technol ogy woul d work,
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everyone is pretty well convinced it will, but
internal regulatory groups were very worried about
what the FDA woul d say, sinply because it wasn't
conventional sanple to blend and do HPLC, it was
sanple to tablet cause and do HPLC

Internally, there was fear that the FDA
woul d be a problem

DR RAJU. | forgot to introduce nyself.
G K Raju. Sorry.

DR LAYLOFF: | would like to comment on
that. | think it probably is true that the FDA is
one of the stronger drug regulatory authorities in
the world and representing a very significant
mar ket where everybody eventually will want to cone
with their product, so they are going to have to
conme through FDA one way or the other.

It may be that in PAT, we will have to go
to sonething like a team PAT, |like team BI O where
we actually teamindividuals together to bring nore
expertise in to help bring the training | evels up,
but ultimately, if you want to cone to this big
mar ket, you are going to have to cone through FDA
one way or the other

DR. BOEHLERT: | might add that it is not

just the reviewers at FDA that are going to have to
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be part of the team but perhaps the inspectors, as
wel |, because both of themare going to be | ooking
at that new process, and we don't want them | ooki ng
at it in different ways.

DR LAYLOFF: Team BIOis ORAM CBER
Bi ol ogi cs, we are | ooking at biol ogical products,
and that is the concept | was saying that maybe we
need a Team PAT concept where you have nore
engi neering and statistician type people coning
fromalong with the GW type people, so that |
think that if our people's teans are not properly
educated, then, we start |ooking at what is
possi bl e rather than what is probable, and when you
nmove out side the probable box, nove into the
possi bl e area, you are paral yzed.

DR MORRIS: Actually, to cone back to a
point | was interested in earlier, Doug, in your
presentation, do you have statistics that correl ate
the R&D noney spent on nonclinical and nondi scovery
versus tine to market, or at least tine to | ND or
somet hi ng?

DR. DEAN. No, we don't really. There has
been sone useful work done out of MT in that area
VWheel wight and--and G K., help ne with this,

forget--
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DR RAJU. Wieel wight at Harvard, but |
think it was Lasknmi Sham and Stu Myers who did the
finance and the R&D, and Rebecca Henderson who
publ i shed in Harvard Busi ness Revi ew.

DR MORRIS: So, is it that broken down
Iike | asked, though?

DR RAJU. The focus is usually on product
research and not necessarily on process research,
and where you should all ocate your noney in the
di fferent phases based on the different |evels of
risks.

This again brings up the issue that the
industry in general, and so the academ a as a
result of sonetines |eading tends to do all their
research on the product side of the research in
terns of where you put your noney, in terns of
where your priorities are, and so when we | ook and
we say that process devel opnent is where we shoul d
bring in all this new technol ogy, and the
under st andi ng opportunity is, we also have to | ook
at the bigger tradeoff in terns of the overal
corporation's priorities in tine to market where
the cost of goods sold is 25 percent and the gross
margin is 75, so there is a natural predisposition

to say that we will always have to choose nore
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often than not to go to market quickly rather than
that process understandi ng i ncrenental inprovenent.
As Doug was saying, that tradeoff is not
100 and zero, it is 25 and 75, which not
necessarily makes it a clear answer always. The

tradeoff has to be better defined, and the answers

will come out as a result, | think
DR MORRIS: | guess just to follow up
before | let you defend yoursel f, because this

isn't any reflection on your data, but | guess in
terns of framing the idea of justification of PAT,
it would be hel pful to have statistics or metrics
that are nore directly reflective of the potentia
benefits. | mean the potential time to market and
folded in with everything else is also inportant,
all these statistics are necessary, but | was
thi nking of an earlier assessnent of the potentia
benefits, not that | know, by the way.

DR DEAN. Two comments on that, Ken
First of all, you may slightly be m sunderstanding
the point of raising the case. There was a
productivity problemin R&D, the point being that |
think we are going to see that turn around, and we
are going to see a dramatic increase in the n

nunber of new product introductions, so the issue
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there is that we have a very conpelling need to get
it right.

If we think this is an issue for us now,
it is going to be an even bigger issue in the
future because it's fundanental to the long-term
health and stability of this industry, so that is
just going to happen

I guess | amsuffering froma jet lag and
a brain cranp here, but there has been a tremendous
study done call ed the devel opment factory, and just
for the life of ne, right at this noment | cannot
remenber the author of that study.

DR RAJU. Gary Pisano.

DR. DEAN. Gary Pisano, thank you very
much. | think a lot of the kind of fundanenta
work that you are tal king about there in |ooking at
tradeoff and where the benefits come from we can
take some of that from Pisano's work.

DR RAJU. Gary Pisano did a very
i nteresting study, and he tal ked about the need to
do nore devel opment and the need to do | earning
before doing, and | think the PAT framework, he
obviously didn't necessarily think through PAT
specifically, but I think the conference that we

have and the two discussion days that we have today
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and tonorrow, fit very beautifully.

Every tine you can neasure faster and see
more, it only makes this argument that mnuch
stronger, so | think that is a very conpl enentary
t hi ng.

DR. LAYLOFF: | think in this case we
shift the process assessnent fromanalysis to
consi stency, because right now we are | ocked into
analysis all the tine. W are constantly | ooking
at the process in terns of analysis of conponents
in the process rather than consistency of the
process.

DR SHEK: | amjust looking at the topic
of this section, which is basically | ooking at
application and benefits for PAT, and that is what
we are trying to assess, and if you look at it from
the perspective that we are trying to autonate
aspects, so there is the quantity and there is the
quality, so we can collect nore data, but | think
what is the inportant part is the quality, what do
we see if we take sanples manually and then run an
assay, or we have sensors at the right place, do we
coll ect better data.

| ambasically referring to this aspect,

you know, to utilize it during the devel opnent
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process, to devel op better products, and it is ny
belief there where, you know, the benefit wll
come, if we will be smart enough to do that.

One of the issues that | see there, you
know, the evolution of the type of products we are
devel oping is going to change because as we
di scover nore conpl ex nol ecul es, which are nore
difficult to deliver, and to ensure that they are
ef fi caci ous and effective, we m ght see dosage
forns which will be different than, you know, the
tabl ets we have today, and we have to keep sonehow
in mnd that there will be a shift there, too, to
devel op and commerci alize such products and wl |l
the system at the sane time we are trying to find,
let's say, nore efficient ways to see and neasure
what is happening during the manufacturing process
itself, to develop, and will we able to do the
other part to adapt it to new type of dosage forns
to nore conpl ex nol ecul es.

DR KIBBE: | have got a coupl e of
questions | would | ove to have sonebody respond to.

First, on the comments of the quality of
the excipients, | think if the denmand for a
specific characteristic of excipients went up,

exci pi ent manufacturers would attenpt to neet it,
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so while we nmight not have the excipients at the
sane standards that we want because our PATs are
going to be better than at standards, | think Dow
and sone of the others would want to cone al ong
with us.

The question | really have is we are
moving in this direction, and there are sone
conpani es that are going to cone forward with
in-process activities that would then be acceptabl e
to the FDA. The FDA is saying that this is not
mandat ory, and the question is how | ong before that
shifts, because the tendency has al ways been with
current good manufacturing practices and current
good | aboratory practices for the Agency to keep
hol di ng everyone to the standard that is being set
by the | eaders in the industry.

DR MORRIS: Can | just make a couple of
comrents, one on your first point, and to Dr.
Lachman's point, the excipient nanufacturers of a
certain magnitude, if they are producing a certain
magni tude, the starch industry doesn't really care
much what we tell them the sugar industry doesn't
really care nmuch, they are not going to change
their processes significantly.

Commodity, chemicals, it depends on if
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1 it's commpdity drug, maybe you will get themto be
2 nmore responsive. This isn't an insensitivity on

3 their part, it's just nunbers.

4 The other point, to try to address your
5 question, though, with respect to how the

6 technol ogy gets filtered down as a regul ati on,

7 hopefully, if we are successful enough in

8 instituting the technol ogy successfully, the use

9 wi Il increase enough to up the anobunt of sales for
10 each of the types of technol ogies, and so the

11 prices becone conpetitive enough, so that they can
12 be substituted for traditional analysis.

13 We have seen this certainly in NR |
14 don't know, Tom what they cost when you started
15 doi ng your work, but they are relatively

16 i nexpensi ve now, and ot her sensors right now, and
17 don't know what yours is doing for, but there are
18 sensors now that are higher priced literally

19 because of the volune, and | think that is true of

20 the LIF, as well. Wen the volune goes up, they

21 wi || be cheaper than doing the wet chem stry,

22 think.

23 DR SEVI CK- MURACA: M name is Eva Sevick

24  from Texas A&M in Chem stry and Chem ca

25 Engi neering. W are in sensor devel opnent. There
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is a couple of phrases that caught ny attention
where we are tal king about regulating the
t echnol ogy.

That is scary to the technol ogy
developers. | find that to be inpeding sonme of the
work that we are doing. W are not really
regul ating the technol ogy. Wat we are trying to
do is regulate the perfornmance of a process that we
use the technology to get that information

One of the things that when we are working
with conpanies to try to comrercialize
technol ogi es, they are scared out of their wts
because of this comrent of regulating the
technol ogy, because that is not what we want to do.

If we put the guidances together, so that
we say we need to make such and such a neasurenent
in such a way, and leave it open to whatever
technol ogy, that is what we really need to do,
because | think that we were styling technol ogy
devel opment when we start talking about regulating
t echnol ogi es.

DR LAYLOFF: | think that is Ajaz's
comment, you know, not N R gui dance, we are | ooking
at it nore broadly, so you can address any kind of

technol ogy, what areas do you need to apply the
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technol ogy, but basically, you are | ooking at
different assessnent tools, what do you require for
those assessnment tools to perform how they
perform

DR SEVI CK- MJURACA: Right, so if we could
somehow state that this technol ogy, you can use
this technol ogy to assess perfornance, that the
technol ogy has this accuracy, this precision, and
our gui dance says that rather than tal king about
the technologies itself, the NIRs, so we can nake
themvery, very broad, then that would work well.

But right now !l think that in nmy dealings
with conpanies trying to commercialize our
technology, this is the thing that has been scaring
peopl e of f.

DR LAYLOFF: You will have an opportunity
tonmorrow to get your thoughts down on paper

A comment on Efraim we have tal ked here
primarily about drugs, and we have tal ked about
tabletted, | guess capsule type formul ations, but |
think this would al so extend to biol ogi cal products
and to vaccines where | think there are already
alternate technol ogi es for assessnment of
consi stency is used, because they can't do them any

ot her way.
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DR SHEK: M point was with regard to the
ef fectiveness of the drugs. Sone of the dosage
forns are quite conplex, and the way you put them
together, the way you manufacture them m ght nake a
difference, and then we will have to find a way
that you can test it, that you haven't changed
anyt hing during the process.

MR, HALE: Tom Hale. | think another
aspect that we need to think about, that has been
alluded to, is that we can neasure a | ot of things,
but if we don't also | ook at the process unit
operations and the design of the unit operations at
the sane tine, we may be neasuring sonething that
is inherently unnmeasurable and that the critica
part of inplementation of this sort of technol ogy
is thinking about in the design phase and the
scal e-up phase, whether not only can we neasure
product and process or the process itself and the
equi pnent itself is inherently neasurable and
scalable, and it will be critical to the
i npl ementation in parallel to the measurenent
activity itself.

DR. LAYLOFF: Another thought is does it
relate further downstreamto the process.

DR LACHVAN: | think this is the main
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crux. | think you don't do adequate design work
and don't do adequate scal e-up during devel opnent,
what you are trying to nmeasure for consistency is
routine process control may be doing the wong
thing for you

So, | think the investnent has to be
upstream before you go downstream and | don't
think that is being done enough

DR. LAYLOFF: | guess if there are no
further questions, coments, we will take a break
now and we will reconvene in a half-hour. Kathleen
runs the neeting, and she tells me what to do, |ike
Charlie McCarthy, so she says you have a 20-m nute

break. See you in 20 m nutes.

[ Break. ]
DR LAYLOFF: | think the presentations
were very interesting this norning. In a sidebar

conversation | had on product assessment using PAT,
I was rem nded that what we currently do with
product releases, we take six tablets and do

di ssolution, maybe 10 or 20 or 30, and do content
uniformty, and we rel ease a batch that may be 3
mllion tablets or 3 nmillion units based on an

anal ysi s of maybe 20 or 30 tablets wi thout

denonstrating that the batch, in fact, is
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represented by a continuous statistical function,
nor do we have a statistically representative
sampl e that we use to nake the rel ease.

I think PAT brings us to a higher |evel of
quality than we currently have because of the |ack
of good statistics with our product rel ease.

Movi ng on to the agenda, our next speaker
i s John Shabushni g from Phar nmaci a.

John.

Session |l: Product and Process Devel opnent
Per spective 1
John G Shabushni g, Ph.D., Pharmacia

DR SHABUSHN G I would like to thank
the FDA for the opportunity to participate in this
subcommi ttee, and | ook forward to our continued
effort in this area.

[Slide.]

In 1985, | cane to the Upjohn Conmpany. At
that time, we had a vision in terms of what we
would like to see in terms of analytical testing.
We tal ked about at that time what we thought the
| aboratory of the future would | ook Iike, the QC
| aboratory, the future, and our vision was that
that | aboratory be an enpty room that there be no

point in bringing sanples back to a | aboratory, but
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that all of the data necessary to control a process
and nake deci sions about product quality would be
obtai ned on-line or near-line, close to the process
where it would do the npbst good

So, really, that vision was to go froma
| abor at ory-based, finished product testing to truly
on-line or in-process testing.

[Slide.]

Wel |, why use this technology? | think we
have heard a | ot of good comments already this
nmorni ng, but | think the key drivers for us are
i mproved process control, the opportunity to reduce
our testing cost, reduce cycle time, and fromthat
reduced cycle tinme, the opportunity to reduce our
i n-process inventory.

[Slide.]

What is it? W have heard a | ot of
different tal k about the technology itself and a
| ot of talk around spectroscopi c nethods
particularly near infrared and | aser induced
fluorescence, but there are al so physica
measurenents |ike viscosity and specific gravity,
optical measures of refractive index, and a nunber
of electrical neasurenents, inpedance resistance,

dielectric constant, specific ion neasurenents,
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tenperature, pressure.
My point in putting this up--and these are
all neasurenents that we have made within
Pharmaci a--is that don't ignore the sinple
measurenents, don't get too focused on the gee-whiz
applications, and near infrared is a very powerful
tool, laser-induced fluorescence is a very powerful
tool, but there are also sone very sinple
i n-process nmeasurenents that can give us a | ot of
information, as well. So, don't |ose sight of
those when we tal k about process anal ytica

t echnol ogi es.

[Slide.]
Wl |, what are the conmon attributes of
these neasurenents? First of all, they are

non-destructi ve neasurenents, they tend to require
limted or, ideally, no sanple preparation. They
provide for a convenient process interface. You
saw t he applications using fiber optics, and fiber
optics then often lead to the ability to make
mul ti poi nt measurenents, again to provide nore
i nformati on about the process.

They have rapid response tines, and they
have adequate dynam c range for the nmeasurements

that we are trying to make, the concentration
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1 ranges of which we are interested.

2 [Slide.]

3 Sone fam liar applications and sone things
4 that worked on within Pharmacia, and that is to

5 | ook at npisture and, in particular, | wanted to

6 poi nt out that we have tal ked a | ot about ora

7 conpressed tablets, we have tal ked about dry

8 products and granul ations, but this technology is
9 certainly applicable to injectable products, as

10 wel |, and we have used it to good success when

11 | ooki ng at |yophilized powders and | ooking at

12 steril e aqueous suspensions.

13 Agai n, we have | ooked at npisture, again
14 sonet hing that has a strong absorbance in the near
15 infrared lends itself to a good, robust

16 measurenent. W have | ooked at granul ations and
17 conpressed tablets as have al ready been tal ked

18 about .

19 We tal ked about | ooking at and worked on
20 potency, in this case sterile aqueous suspensions,
21 and | ooked at other blend uniformty applications
22 there, as well.

23 We have al so used the technol ogy for

24 identification of raw materials, packaging

25 materials, and of the finisher product itself.
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When we tal k about in-process neasurenent,
we have tal ked about paranetric rel ease, but again,
things like sterilization processes, |ike steam
sterilization or using vaporized hydrogen peroxide,
and using optical neasurenments of the vaporized
hydr ogen peroxi de concentration as an indicator of
controlling that sanitization or sterilization
process.

[Slide.]

Well, howis it used? One is to support
process devel opnent, and | think that is one key
area that we want to see. | think noving upstream
in the devel opment process will help us in terns of
i mpl ementing Process Anal ytical Technol ogi es and
ultimately, inplenenting nore robust processes.
Again, the opportunity there is to reduce the
anount of |aboratory testing that would be
required.

An exanple here is with our sterile
aqueous suspension. It isn't in necessarily the
devel opment of the product fornul ation, but rather
the devel opnent of the process or the process
equi prent .

In this case, as we were devel oping the

filling process, a suspension is a difficult
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product to fill, we used near infrared neasurenents
of the potency of that steril e aqueous suspension
to look at content uniformty, |ook at segregation
that may occur in the filler, ook at optim zing
the recircul ation process of that filler.

The analytical test, that is, the
registered test for that product and the rel ease
test, is an HPLC assay with a fairly extensive prep
time and turnaround time, and we still rely on that
assay for release of the product, but by using the
near infrared nmethod, we could take nany nore
sampl es and do much nore in terms of the
optim zation of that equi pnent and that process,
and then confirmthose results when we did our
final validation testing for that process.

So, it allowed us to gather nore data, it
all owed us to gather that data in a real-tine
manner, and to optim ze the equipnent in the
filling process much nore rapidly and to explore
nmore variabl es than we woul d have been able to had
we gone with the traditional HPLC nmethod used in
the |l aboratory. Yet, in terns of the actua
registered test, we still were using that
regi stered test.

So, in terns of that parallel testing, if
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you will, I think it allows us to have nore rapid
confirmation of process perfornmance, and to take
| arger sanples that may nore meaningfully represent
the process that we are interested in.

| have seen in some of Steve Hammond's
earlier talks the idea of the "don't ask, don't
tell,” and | think that really is pretty
representative of the situation that we find
ourselves in, at |east on the process side, and
that is, we have a registered test using nore
conventional analytical technol ogy, but that we can
run an alternative test, an in-process test, that
gives us nore information about the process and
supports process devel oprment, but yet this is not a
registered test and is not used for product
rel ease. So, we do operate in that "don't ask
don't tell" node

Finally, there are linted applications
where a process analytical test is actually used
for the release of the product. Very early on, at
| east in the Upjohn Conpany, prior to nergers that
becane the Pharnaci a Conpany, we had devel oped and
registered a test for a veterinary product that
used near infrared technol ogy for product rel ease,

| ooki ng at noisture content, |ooking at potency,
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and | ooking at identification.

So, those applications have been
successfully registered with the Agency, however,
that is not the norm It is really the exception in
nost cases.

[Slide.]

Where do | think we are now? |If | Iliken
the technol ogy devel opment here to the drug
devel opment process, | would say that we are in
Phase I, and that is, | think we have denonstrated
the efficacy of Process Anal ytical Technol ogi es.
There has been a | ot of good science that has gone
into the devel opnent of these technol ogi es, and
think we have a very solid foundation on which to
proceed, but | don't think we are ready yet to
rel ease this as a product, if you will, that we are
ready for approval

| believe our nmoving into Phase 111, where
we need to have broader application of the
technol ogy, and work out what | consider to be the
engi neering and devel opment details, those process
interfaces and nore specifically, the ruggedness
and reliability of the nmethods as we go forward.

I think those are very achievable. |

think we have the right people to do that, and
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think with appropriate Agency support of that
technol ogy, we will have the incentives to nove
forward in that area.

[Slide.]

What | believe are the obstacles to
broader use, and we have tal ked about a little bit,
and | believe we will talk about it nore today, is
alittle bit of the catch-22 situation that we find
oursel ves in today.

I deal | y, these nethods shoul d be devel oped
during the product devel opment process and
transferred as part of technology transfer, but
today, it is perceived that there is arisk in
del ay or product approval when there is a different
met hod that is used or not a widely accepted
met hod, and so that risk, and that risk is not only
in ternms of the delay of the approval and the cost
of that delay on a sales basis, but also the |oss
of the limted lifetinme of exclusivity, the patent
lifetime for a particular product.

So, there is a high cost to delay, and
therefore, there is nore drive to inplenent an
acceptabl e process, but not necessarily an
optimzed process. So, | think the opportunity is

to nove back in the devel opnent process, and in
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doing that, we will see both inprovenents in the
process itself and inproved use of Process
Anal yti cal Technol ogi es.

If, on the other hand, we wait until the
product is introduced, now we have duplicate nethod
devel opment cost if we inplement after approval
Again, at that point, you need to essentially
duplicate an investnent that has already been nade,
and so you justify that on the incrementa
i mprovenent as opposed to the first tine benefit
that woul d be achieved with that additiona
control

Again, there is the supplenent filing and
the review process that goes with that. So, it is
a relatively long cycle even if it is done
post - appr oval

I think the uncertainties around
regul atory acceptance, we tend to be fairly risk
averse, and so any uncertainties will cause us to
thi nk our position and be very cautious in terms of
i mpl ementing this technol ogy.

Finally, one that | think is very
i nportant to recognize, and that is issues around
complexity and reliability. Here we have | think

again very good science behind the instrunmentation
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that has been devel oped, but | think we need

addi tional ruggedness and reliability in that
instrumentation in order to use it effectively and
use it widely.

The example that | would use today is when
we pull a sample, take it back to the | ab, and we
may nmake a potency neasurenment using HPLC, if we
have a failure with that HPLC, it's a relatively
straightforward matter of retesting, either to
re-prep the sanple and reinject the sanple, and
there is adequate control over that process, but if
we now get to the point where we are dependent in
terns of the data that we are going to use in order
to nake a rel ease decision on a given batch, is
dependent upon in-process nmeasurements, and if we
have a failure of an in-process instrunment, then,
we have essentially upped the ante, and we have a
hi gher 1ikelihood of losing that batch if indeed we
| ose the instrunent independent of whether the
process is performng as we had intended it to.

So, | think again we have to think through
the strategies in which we are going to enploy the
technol ogy, and we need the ruggedness in that
technology. Not all of that is a regulatory issue.

Sone of it | believe is an engineering issue.
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1 [Slide.]
2 Well, where do we go fromhere? Al ong
3 that same thene, | think we need to inprove the

4 measur enent equi pnent, we need to nmake it nore

5 rugged, we need to neke it nore reliable, and

6 certainly smaller, faster, cheaper doesn't hurt

7 ei t her.

8 Those things, if we nmake them smaller,
9 faster, cheaper, open up the doors for redundant
10 instruments and therefore getting back to the idea

11 of additional reliability in the data stream and

12 the informati on stream

13 We would like to see an inproved

14 regulatory climate, and | think this subcomittee
15 is an excellent exanple of changes in that area,

16 and | amvery optimstic that we will cone to a

17 Wi n-wi n sol ution.

18 Again, | think the goal here is to reduce
19 uncertainty around the regulatory environnent and

20 to support PAT as an option with respect to process

21 contr ol

22 I also think that our best way forward is

23 to identify those high-val ue, high-access

24 applications to nodel. Look for those exanples

25 that we can point to as real successes with respect
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to Process Anal ytical Technol ogy, and use those for
br oader dissenination of this technol ogy.

Fi nal |l y, devel opi ng guidelines for
devel opment and validation will again help nove
this process upstream

[Slide.]

I would just like to close by
acknow edgi ng the contributions of mnmy co-workers at
Pharmaci a - Ll oyd Fox, Bob Leasure, Jackie Wiite,
Rick Wiitfield, and Steve Doherty, who have done
much work in the devel opnent of the applications
that | had pointed out earlier.

Again, | would be happy to discuss any of
those applications in nmore detail specifically, but
wanted to use ny tinme this nmorning to tal k about
what | believe were the general issues before us.

Thank you very much for your attention.

DR. LAYLOFF: Thank you very much, John
You are under schedul e significantly.

DR, SHABUSHNIG | thought | would keep it
short and get to the point.

DR LAYLOFF: You are an outlier on the
short side.

Since we do have a few m nutes, | would

like to go around the table and introduce everybody
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1 before Kathleen hits me. |f we could start with

2 John Janes, introduce yourself, and give us your

3 day job, and we will nmove around the table this
4 way.
5 DR JAMES: John Janes, Director of

6 Anal ytical R&D for Teva Pharnmaceuti cal s.
7 DR, SHABUSHNIG | am John Shabushnig. |
8 amthe Director of the Center for Advanced Sterile
9 Technol ogy at Pharmaci a Corporati on.

10 DR DEAN. | am Doug Dean. | ama

11 managi ng partner in a global pharmaceuti cal

12 practice, PricewaterhouseCoopers Consulting.

13 MR HAMVOND: Steve Hammond, Manager,

14 Process Anal ytical Support, at Pfizer.

15 MR. COOLEY: Rick Cooley. | am an

16 anal ytical chem st in the process anal ytical

17 chemi stry area of Eli Lilly.

18 MR CH SHOLM | am Bob Chi shol m

19 I nternational Technol ogy Manager with AstraZeneca

20 based in the UK

21 DR. TI MVERMANS:  Hugh Ti mrer mans from

22 Merck and Conpany, Manager, Pharnaceuti cal

23 Techni cal Operations.

24 DR. WORKMAN:  Jerry Wor kman,

25 Ki nberly-d ark Corporation, Senior Research Fell ow.
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M5. WONG Judy Wbng, Senior Engi neer,
Process Devel opnent, Schering Pl ough.

DR RUDD: David Rudd, head of Process
Technology in d axoSmthKline R&D in the UK

DR MLLER Ron MIler, Bristol-Mers
Squi bb, Associate Director of Pharmaceuti cal
Technol ogy and Devel opnent.

DR SHEK: Efrai m Shek, Vice President,
Phar maceuti cal and Anal ytical R&D at Abbott.

DR SHARGEL: Leon Shargel, Vice
Presi dent, Biopharnmaceutics at Eon Labs, a generic
drug manuf act urer.

DR. BLOOM  Joseph Bl oom University of
Puerto Rico, Professor.

DR. ANDERSON: doria Anderson, Mrris
Brown Col | ege, Call away Professor of Chem stry.

DR KIBBE: Art Kibbe, Professor of
Phar maceutics, W1l kes University School of
Phar macy.

MS. REEDY: Kathl een Reedy, Food and Drug
Admi ni stration.

DR BOEHLERT: Judy Boehlert. | have ny
own consulting business in the consulting areas of
quality systens, R&D, and CMC subm ssions.

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

DR. RAJU. G K Raju, Executive Director
of the Pharmaceutical Manufacturing Initiative at
MT.

MR HALE: TomHale. | consult to the
pharmaceuti cal industry out of Chicago.

DR MORRIS: Ken Mirris, Professor in
I ndustrial and Physical Pharmacy at Purdue
Uni versity.

DR SEVI CK- MURACA: Eva Sevick, Professor
of Chem stry and Chemi cal Engi neering at Texas A&M

DR LACHWAN: Leon Lachman, consultant to
t he pharnmaceutical industry, regulatory conpliance,
and regul atory affairs.

DR WLLIAMKOCH: | amBill Koch, Deputy
Director for Chenical Science and Technol ogy at the
National Institute of Standards and Technol ogy.

DR HUSSAIN. A az Hussain, FDA.

MR, FAMULARE: Joe Fanul are from FDA,
CDER, O fice of Conpliance, Director, Division of
Manuf acturing and Product Quality.

DR. CHI U Yuan-yuan Chiu, D rector,
Ofice of New Drug Chem stry, FDA.

DR LAYLOFF: Now we will nmove on with
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Dave Rudd.
Per spective 2
David R Rudd, Ph.D., d axoSmthKline

DR RUDD: Thanks very nuch. Let ne start
just by thanking you for the opportunity to cone
and tell you a bit about the sort of process
control and nmeasurenent strategy that we are
starting to introduce now in d axoSnithKline both
within R&D and in manufacturing.

[Slide.]

I thought we would get started a little
bit around the business case. | don't want to
spend too nuch tine on this, but | found this very
interesting set of data on the UK Departnent of
Trade and I ndustry website, and it just shows
UK--and | stress UK, this is not neant to be a slur
on the manufacturing industry and the rest of the
wor | d--but the UK manufacturing profitability by
i ndustry sector for the period '95 to '99. That is
just where the data takes this.

You see some very interesting things here.
I think this is manufacturing profitability based
on the return for every pound or every dollar
invested. So, you can see all of these sectors

actually nake a profit, but pharmaceuticals
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somewhere in nidstream

You can see sone quite interesting factors
com ng through there. For exanple, in the UK in
1997, we snoked very heavily. W snoked
particularly heavily | think based on concern of
our national soccer teamqualifying for the world
chanpi onshi ps, but nercifully, you can see in '98,
if you look in the beverage colum, we see
celebrated in the traditional British way, when the
teamdid qualify.

The single thing com ng out here, though,
there is roomfor inprovenment in terms of our
i ndustry sector, and | want to |ook at briefly why
that mght be. The profitability in our industry
ought to be good, and it clearly isn't as good as
it should be.

[Slide.]

One reason | think for that is that we are
| ocked into conventional manufacturing approaches.
We are still a batchw se processing industry. This
is how we manufacture. W feed, we operate our
process, we get some kind of output, we store and
hol d.

[Slide.]

In truth, we do have process control, but
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it's based on sone cl osed | oop neasurenent of
parameters that we can neasure - tenperature, tinme,
pressure, things that may not necessarily be quite
interesting or revealing, but what the hell, we can
measure them so let's neasure them anyway and put
themin to a database that we m ght | ook or never
ook at in the fullness of tine.

So, there is a word of warning for us.
Let's make sure that any PATs that we devel op and
usi ng new technol ogies do not fall into the sane
trap. Let's not sinply neasure things because we
can neasure them The message is make sure we can
make nmeasurenments and use those neasurenents as

controls when they are critical and when they are

useful .

[Slide.]

So, here is our approach now, our policing
function as | will call it. W do off-Iline,

| ab- based revi ew of product quality paraneters and
we hope that quality is good.

[Slide.]

Wel |, the case for inprovenent has been
made al ready, and | was very pleased to see sone of
these maj or points appearing in previous

presentations. | amvery pleased to see sone of
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these points, and | won't reiterate them

The one extra one that | want to meke,
though, is that we have the capability with PATs to
nmove nore towards continuous nmanufacturing
processes in our industry. If you go back to the
first slide and | ook at why foods and
petrochem cals and the notor industry and the
aircraft industry are nore efficient than we are,
one reason, maybe not the only reason, but one
reason is they do use sonething closer to a
conti nuous manufacturing approach, but in those
ci rcunst ances, you don't have the |luxury of end
product testing. You absolutely have to get
on-line nmeasurenent in there if you are going to
guar ant ee your process stays under control

So, | would like to think about PATs.
Maybe the "T" in PAT should stand for tool, and not
technology. It's atool, it's a nmeans to an end.
What we are really interested in is devel oping
hi gh-qual ity and robust processes, and the
measur enent capability allows us to achieve that.
The big danger is that we just get |ocked into the
measur enent for the sake of it.

[Slide.]

So, if I look at the objectives, we have
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agreed, within GSK at least, and | think within

i ndustry, when we are devel opi ng products and
processes, these are the sorts of watch words, the
key words that repeatedly cone out. You have heard
sone of these before, and sonme of these will come
out alittle bit later as we speak, but | think
this is sort of the charter that we sign up to, the
contract that we sign up to during product and

process devel opnent, and in particular, in

conjunction with nmanufacturing, | made this point
very clearly, | hope.
[Slide.]

This is not just about devel opnent, this
i s about devel opment wi th manufacturing in mnd.
bel i eve that one of the hurdles we have to overcone
in our industry is this first point, the provision
of manufacturing and nonitoring equi prent and
techni cal expertise at the devel opnent scale, at
t he devel opnent stage, which can al so be used by
manuf acturing or which manufacturing can relate to.

We have a major problemin our industry
wher eby manufacturing is saying we want to reduce
cycle tinmes, elimnate waste, give us new
manuf act uri ng technol ogi es or give us inproved

manuf acturi ng technol ogies, and that is perfectly
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under st andabl e and perfectly supportable except in
R&D, we have product devel opnent teans who are
devel opi ng using traditional approaches and
traditional manufacturing equi pment because that is
t he manuf acturing equi prent we are going to be
usi ng worl dwi de for several years.

There is an inbalance there, there is, if
you like, a barrier we have to overcone. How do we
provide R&D with a devel opnent capability that is
al so matched to what manufacturing need? The
answer is you have to build sone kind of pilot
scale facility or some kind of prototype factory of
the future that is both R&D accessible and al so
utilizabl e by manufacturing.

The whol e therme of all of this is
devel opi ng the process understanding, identifying
the critical process paraneters, not just the
paraneters we think we can measure, inplenenting
control s where you need them

One thing about PATs is that you nay nake
t he measurenent during devel opment and di scover you
don't need to nake that neasurenent routinely
because the process is well controlled in that
respect.

Conversely, if it isn't well controll ed,
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you had better make sure you nake that neasurenent
and use the process feedback to nodify the process
on the fly, and then the question is what is the
deci si onmaki ng process that you need to use based
on the PAT neasurenent and based on the know edge
of the process. This information is in people's
heads at the nonent, and we need to bring it out
and docurent and articul ate that.

[Slide.]

I thought | would illustrate that by
showi ng a couple of things that we are up to within
GSK at the noment, and | picked a classical tablet
manuf acturi ng process and the various unit
processes there, and | thought | would just show
you a coupl e of things around bl endi ng and
granul ati on.

[Slide.]

Bl endi ng, we have heard a | ot about,
honogeneity of powder blending. Cdearly, it is a
prerequisite of a good product, content uniformty
of tablets. You had better make sure you have got
a good blend, and | aminterested to open a PQR
debate | ater.

[Slide.]

We can neasure a nunber of things. You
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1 can do it a nunber of ways. Steve Hamobnd showed

2 sonmething like this earlier, tracking assay of

3 drug. This exanmple is just using near infrared,

4 but tracking assay of drug in a powder blend, and

5 you can nonitor that with tinme and clearly, you

6 have a deci sion that says once you reach a

7 predeterm ned assay |level and it |looks fairly

8 stable, it looks fairly consistent, then you have a
9 uni f orm system

10 I have used near infrared as an exanpl e.
11 C.K wll tell us that the LIF Iight-induced

12 fluorescence is equally applicable, and the answer
13 is correct. It is about spectroscopy, the

14 spectroscopy matching the anal yte, of course.

15 [Slide.]

16 But you can do it in other ways. Notice
17 have got the same weight here. That is fine.

18 have a calibrated system here, but actually, and

19 Steve showed sonething simlar earlier, it is al

20 about nonitoring change, and if | look at replicate
21 spectra against time, here is the consistent signa
22 because | just have the excipient blend, add the

23 active. W get variability, and as the system

24 m xes, the RSD of replicate spectra reduces down to

25 a predeterm ned m ni mum

file:///C|/WP51/WPFILES/0225PAT1.TXT (115 of 309) [3/28/02 10:31:31 AM]

115



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Notice, no calibration, no assay, but as
an indicator of change, | have a good indicator of
honogenei ty.

[Slide.]

I mgi ng. Steve Hanmond al so tal ked about
i maging, and this allows us to | ook at powder
systens or other systens, of course, in a different
way. This is a three-conponent nmixture. The blue
trace is the major excipient. The green is the
princi pal active conponent, and the red, if you can
see that, is the nminor active conponent. Now, you
tell me if that is a honogeneous m xture.

If I have nmultiple pictures like this, and
they all | ook pretty nmuch the sane, maybe | do have
a honogeneous m xture, or if | have multiple
pictures like this, and the red spot is mssing
occasionally, then, | have a problem It's not
quantifiabl e although you could, you could turn
that into a series of nunbers, pixel counts,
spreadsheet, et cetera.

We have to start thinking about process
understanding in a visual way as nuch as a neasured
way.

[Slide.]

Powder bl end dynamics. It was very
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1 heartening earlier to hear about let's just use

2 sonme ol d-fashioned testing, let's just |ook at

3 things. These are stills froma video film W

4 are videoing a powder blend m xing here at the 200-

5 or 300-gram scale incidentally, and it is very

6 reveal i ng.

7 You know, when the pattern of behavior is

8 different to this, we know we have a m xing

9 problem W can do fundanental m xing studies on

10 our materials at this level, the influence of

11 particle size and shape and density, and any ot her

12 par amet er s.

13 These are crucial paraneters, and it was

14 good to hear about raw material specifications
15 earlier, particle size, granularity, density.

16 These are all critical factors that need to be

17 studi ed at the devel opnent stage, and need to be

18 under st ood.

19 [Slide.]

20 Granul ation. Well, a nunber of properties
21 are inportant in granul ation, and there are things
22 that we rarely neasure in the laboratory. |If you

23 talk to process operators and formul ators, they are
24 interested in flow characteristics, bulk density of

25 the granule. Particle size, maybe we can neasure
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t hat .

Let's get sonme technology that allows us
to track granul ations.

[Slide.]

Here is power consunption during
granul ation. The power consunption of the inpeller
motor will change as the granule quality changes
It is a picture. It is possible to quantify these
sorts of things, but | |eave you nore with the
i mge and the features of that inmage rather than
the numbers associated with it.

[Slide.]

Near infrared can be used to nonitor
granulation. Here is good correlation and
prediction of water content and particle size. So,
a conbi nati on perhaps of those two neasurenent
techni ques is giving you nmuch nore depth, nuch nore
i nformati on about the process and the
characteristics of the process as it operates.

[Slide.]

We have been doing a lot of work in GSK in
recent years using ultrasound to nonitor
granul ations. The logic is very clear. Small
particles banging together will rmake a different

sound to large particles banging together, so let's
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119
listen to the ultrasound em ssion as particles hit
each other.

[Slide.]

Here is the sort of information you get.
You can see very clearly the granul ation process in
there and the features as we add water, for
exanple, as we affect the bal ance by draw ng
gradual |y, and even when we turn the machi ne off.
But this is data that is not imediately
intelligible to the human eye.

[Slide.]

So, we sinplify it and we can make some
predictions using that data. Here is sone
prediction fromthat same acoustic data on the nass
medi an particle size of the granule. Not a bad
correl ation.

[Slide.]

On the sane data, we have got a prediction
of flowability as neasured by Carr's index, for
exanmpl e, and again we have fromthe sane acoustic
data, a prediction of a physical attribute of the
granule, and inportant attribute of the granule for
subsequent processing.

[Slide.]

This one | find the nobst amazi ng pi ece of
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data of all. |If you see nothing else in these next
two days, remenmber this one. This is a prediction
of the maxi mum crushing strength fromtabl ets made
fromthe granul e on which the neasurenent is nade.
Let ne just reiterate that. W are neasuring the
acoustic signal on the granule, and we are
predicting crushing strength of tablets made from
that granule. It is the first indication |I think
of an on-line or an in-process nmeasurenent that
could be predictive of end product quality, for
exanmpl e, dissolution testing.

[Slide.]

If you |l ook at the acoustic signal and the
effect on scale, you can see that here we have a
nunber of traces of the same process, but operating
at different scales in a PMA bl ender, and what
hope you can see fromthat is that certain salient
features of the trace are always there, and then
other features differ

I won't go into great detail about that
other than, for exanple, to point out that the blue
or the green trace there is significantly different
to the others, and this is because we deliberately
over-granulated in that case. So, it's about

characteristics, it's about pictures.
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[Slide.]

| sunmmarize that really by saying that
beli eve we need to devel op sonething that all ows us
to describe the process, a process signature | have
called it here, which nay actually be based on a
combi nation of multi-techni que nmeasurenents. There
is no single technology that will do everything you
want .

It's about building up the picture from
power consunption, fromNR fromLIF, fromvideo
film whatever it mght be, but being able to
characterize a process and to recogni ze when that
process is operating well, and hence, you have an
endpoint to work towards when you transfer that
process either in terms of scale or from
manuf acturing site, whatever the variation m ght
be. It gives you sonething to work towards, and
think this concept is an inportant one.

W have heard a | ot about the PAT's
applicability, and | think this is the mjor one,
devel opi ng that process signature.

[Slide.]

There is a natural corollary really, if
you like. W are tal king about noving the end

product testing away and noving nore upstream |
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1 believe that what we are tal king about is

2 transferring the specification perhaps fromthe
3 product to the process, and when you achieve that
4 process specification, you have a process that

5 under control, reproducible, reliable, et cetera.

6 [Slide.]
7 So, the future control phil osophy m ght
8 | ook sonething like this, whereby we have our

9 manuf acturi ng process exactly as before, but now we

10 have on-line nonitoring of critical process

11 parameters which we then feed back to use to

12 control that process and to make sure that process

13 stays within control

14 [Slide.]

15 I have exenplified that in the exanple

16 here for a continuous bl endi ng process, and

17 i ncl uded the PATs down here, and this could

18 i ncorporate whatever you really want. It could be

19 an IR imaging, it could be LIF, it could be

20 absol utely anything, but you are able to contro

21 critical process paraneters in the case of a

22 bl endi ng operation, maybe it's speed or maybe it's

23 the rate of addition of naterials, et cetera.

24 [Slide.]

25 There are sone inplications fromthat.
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have introduced here just a couple of novel areas
of research that need devel opnent, particularly
around the third point, the data processing methods
that might be required to build up this conposite
picture that | have tal ked about.

For manufacturing and for R&D, | think we
could be tal king about a capability that says you
do the sane things at devel opnent that you do at
the manufacturing scale. What we are | ooking to do
here is to elimnate sone of the issues of scale
and technol ogy transfer, and if we are able to nove
towar ds somet hing cl oser to continuous processing,
what we m ght have is a scale factor that says just
run that process for |longer or replicate that
process rather than change, for exanple, scale of
manuf act uri ng equi pnent.

[Slide.]

So devel opnent equal i ng manuf act uri ng
scal e could be an inportant benefit of the PAT
appr oach.

VWhat we are trying to do is establish the
rel ati onship between the traditional end-product
quality paraneters, the classical release in
end- product testing, content uniformty

i nformati on, assay, dissolution, these things will
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not go away.

These things are still inportant to us,
but can we arrive at critical in-process
measurenents like | showed with the acoustic data,
that are perhaps predictive of those end-product
qualities, so that we can infer content uniformty,
di ssolution characteristics, whatever it m ght be,
Wi t hout necessarily using the tradition | ab-based
testing approach.

Qovi ously, the onus in devel opnent is to
be able to identify those paraneters and to
demonstrate and validate the predictive capability
of those neasurenents or conbi nations of
measur enents, and, of course, the bottomline would
be, having hinted at the notion of a process
specification, is the devel opnent of that
specification in just the same way that we devel op
the end-product specification at the nonent.

[Slide.]

I have offered really here just a few
final thoughts to kind of capture and summarize the
thene there. | think what we are tal king about is
using PATs as a neans to an end. | don't want to
devalue the initiative, that | amvery happy that

the FDA has shown, but | think we nustn't sinply
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t hi nk about anal yti cal

We have to think about the processes that
we are neasuring and the analytical is there as a
means to an end, as | said earlier, perhaps a set
of tools that allow us to achieve what we are
trying to do, which is actually inprove our
manuf acturi ng strategy and overcone sone of the
inefficiencies, particularly associated with batch
manuf act ure as opposed to continuous processing.

O course, the theme all the way through
here is about understanding the process. It is
usi ng the neasurenent technol ogies at the
devel opment stage to understand what the critica
factors in that process m ght be.

If that, in turn, neans we need to specify
raw materials differently, or it neans we need to
change our manufacturing processes substantially,
then, we had better go ahead and do that. If we do
that, then, things |ike paranetric release wll
sinply fall out at the end, because we have built a
quality by design phil osophy, and paranetric
rel ease is a benefit of that phil osophy.

I have hinted a couple of tinmes that
per haps the nove towards continuous processing,

goi ng back to ny very first slide, |I believe one of
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1 the reasons that we are not as efficient as we

2 mght be in this industry is because we are stil
3 t hi nki ng general ly al ong batch processing lines.

4 That is still the traditional approach that we use,

5 and many of the other industry sectors, foods,

6 beverages, et cetera, have gai ned an advantage on

7 us in ternms of efficiency by noving towards

8 conti nuous manufacturing processes.

9 I would like to perhaps leave it on that

10 thought as to where this group might be able to

11 take things using PATs as a facilitating tool

12 Thanks very much indeed. Thank you

13 DR LAYLOFF: Thank you very mnuch, Dave,
14 and again we are on time. |It's wonderful, just

15 wonderful . Another exciting set of presentations,
16 I nmean really exciting, regulatory issues,

17 production issues, specul ations, perhaps end

18 product testing is a consuner issue rather than a

19 manuf acturing issue. It is sonething that

20 consuners should do to make sure they have the

21 right drug or bought the right amount rather than a

22 manuf act uri ng i ssue.
23 | would like to open it up now for
24 di scussion on these topics to the committee.

25 Subcommi ttee Di scussi on
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DR BOEHLERT: | think David Rudd nmade a
very inportant distinction when you tal ked about
usi ng somet hing |i ke acoustic technology to infer a
final result, and that is a little bit different
than | think what many of us think of as using PAT
to yield on-1ine what woul d have been equivalent to
a final result, and if there is going to be
gui dance devel oped by the FDA using that kind of
technol ogy and how one m ght be validated, is going
to be an inmportant concept because you are not
tal ki ng about generating the result on-line, you
are tal king about inferring quality froma
measur enent you nake on-1line.

DR, HUSSAIN: | think that is a very
important point. |If you remenber the presentation
| gave to the Advisory Committee for Pharnmaceutica
Sci ence on the 28th of Novenber, the point | tried
to nake there was there are many test nethods, |ike
di ssolution, we can infer dissolution is within
specification by focusing and controlling all the
critical variables that affect dissolution

For exanple, the data set | showed you at
that neeting was dissolution failure at the end and
towards the earlier part of the lot, and that was

due to non-honogeneous distribution of magnesi um
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st earate.

Currently, we don't have a test for
honogeneity of magnesi um stearate, but now we can
actually control that. |If that is the critica
vari abl e, then, essentially you are assuring
di ssolution, and you essentially would establish a
correlative or predictive nodel for that, and on
that basis, you may not have to do dissolution
test every tine. So, that is the thought process
t here.

DR RAJU. | think this is kind of a very
i mportant presentation to figure out what our
messages are going to be for today and the rest of
t onor r ow.

Clearly, the inportant highlight is PAT,
gui delines for PAT on one extrene dinension. On
the other extrenme dinension is guidelines for
systematic process understanding is the other
di mensi on.

I think maybe, as a committee, naybe our
plan is since we can't do everything, is to | ook at
how we can use PAT for systematic process
understanding. |f you look at quality testing or
process understanding, sinplifying it, there are

two di nensions of it.
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One is effectiveness, and the other is
efficiency. That is, howwell do we do it, that is
ef fecti veness, and efficiency, how nuch resources
do we consune when we do it. | think although the
spirit of paranetric rel ease was always quite
beautiful, the interpretations ended up being
i ndependent and di scussed in terns of an efficiency
argunent, and when the effectiveness, that is, the
process understandi ng has nmoved to the 3-, to 4-,
to 5-sigma, the efficiency argunent will take care
of itself.

The efficiency argunent by itself is kind
of a dangerous argunent, so in the true spirit of
paranetric release is quite a powerful point. So,
the question then is if we are going to | ook at the
whol e process understandi ng, and the sensors is one
aspect of it, and there is analysis, and then this,
design, we are going to start bringing up issues of
what is validation, what is a specification, and
now we are going to nove sensors to the beginning,
to the end of the process, back in tine, back in
space, and then we ask oursel ves where do we draw
the line in terns of where we draw the boundary, in
terns of our goals for today and tomorrow, because

this is an unbelievably big opportunity, at the
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same time it has got an unbelievabl e anpbunt of
di nensi ons.

So, maybe, Tom you can give us some
gui dance around that. It was just sone
suggestions. This is a good discussion, so that we
can take David's presentation sonewhere.

DR LAYLOFF: | think you brought up sone
very interesting points, Dave and John al so.
think the acoustic neasurenent brought in a new
assessnent dinmension that | had not considered.
mean | was |ooking at reflectivity and hardness
i ssues, and things like that, but this is a
projection out to nore of a hardness fromparticle
size, and then the question is how does that relax
after you have conpressed it, what are the things
like stability testing, those that reflect out
further.

But efficiency and efficacy are critica
di nensions that we need to | ook at, but | think we
can nake our gui dance broad enough, so that there
is roomto wrk in. |I think if we make the gui dance
too narrow, then, it is going to stifle things.

| think Dave wanted to say somnet hi ng.

DR. RUDD: | just wanted to make the point

around the acoustic nmeasurenents, that actually is
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a very generally applicable technique. | nean |
showed one exanple there where we were able to
correlate acoustic data on granule to the tablets
made fromthat granule, but it is nmuch nore than
t hat .

I think it is a way of getting
particul arly physical information, nechanica
strength of the granule, nmechanical strength of
tablets. W have actually been wusing it, too, to
| ook at the conpression stage of tabletting to see
whet her we can characterize the actual portion of
powder that is being conpressed, because we spend a
great deal of tinme during blending and granul ation
| ooki ng at chemnical conposition. W don't |ook at
physi cal conposition. | hesitate to open this
door.

But you coul d argue that one of the
critical parameters during conpression is, for
exanple, the ratio of fine to |arge particles.

Now, how on earth do we neasure that unless you do
particle sizing routinely on each portion of powder
as it is being conpressed?

The answer is that with acoustics, you can
actually get--and again it's a trace, it's not

necessarily nunerical although it could be nade
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nunerical --but you can get a profile that shows you
during conpression, the characteristics of the
powder bei ng conpressed.

I think the best way | have tried to
visualize this is, it has been like if you take a
pack of breakfast cereal, you know, if you apply
pressure to the top of that pack, you will get a
phase whereby the particles just settle down, but
they don't actually fragnent or rupture.

Well, that gives a particular acoustic
signal, it gives an audio signal, as well. [|f you
conti nue conpressing that pack of breakfast cereal
you will start to break the particles thenselves,
and that gives a whole different signal

So, you have two regions there that are
indicative of two different physical aspects. One
is the conposition, the physical conposition of the
particles, and secondly, is the mechanica
characteristics of the particles.

Now, acoustics is giving you a lead into
that, that | don't believe other technol ogies can
easily do, so | just really wanted to nmake sure it
was regarded as potentially a nore universa
techni que than just a predictor of tablet hardness.

DR SEVI CK- MURACA: May | nake a comment ?
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1 We actually look at the scattered signal, so that

2 we can get particle size information, and if in the

3 blend and if you are transporting powders, and you

4 get this segregation based upon particle size or
5 charge, or whatever reason, then, this change in
6 particle size can give you an indication of

7 downst r eam pr obl ens.

8 So, the question is--1 think this is quite

9 exciting, it confuses ne as to your NI R signa

10 change if it is due to change in particle size or
11 the active ingredient, that needs to be

12 resol ved--but the question is, do we include

13 particle size, is it a reasonable validation

14 measure to say that in your whole entire process

as

15 the stream goes through the process, that you don't

16 have desegregation effects that could later on
17 i mpact when your powder is sitting in the

18 war ehouse.

19 | nean is particle size a reasonable
20 paraneter to nmeasure, is it a critical one?

21 DR. LAYLOFF: | think we just heard it
22 important to product quality. If you want to

23 assure product quality, it is one of the process
24 el ements which is inportant.

25 DR SEVI CK- MURACA: So, today, we will
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basically include this as one of the critica
paraneters in our guidances?

DR. LAYLOFF: W can include whatever we
want, can't we, Kathleen? Yes, Kathleen said we
can.

I think one of the things that has stifled
us in pharmaceutical analysis has been that we have
been stuck with a technology that we build in
di scovery. We start looking at trace inpurities,
and we take those technol ogies that we build to
assure product for Phase |/Phase Il, and then we
just shove it down into devel opnent, and then we
are such a big hurry to get it into production, we
just shove it down into the control, and said |et
it fall where it may.

We are stuck with the technol ogy that cane
fromdi scovery, that is very inportant in
di scovery, but doesn't really have a | ot of meaning
in manufacturing, but we are just stuck with it.

It sort of hangs on all the way down the |ine.

DR. HUSSAIN: Tom | think it is very
exciting to see the technology, but | just want to
sort of bring the comrmittee back to the questions
that we will struggle with, and that is the scope

of the guidance, because | amnot going to wite a
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gui dance on acoustics, but any technol ogy, how do
we bring that into a regulatory framework froma
val i dati on perspective, froma
specification-setting perspective, and this part is
dealing with process and product devel opnent angl e
of it.

DR MLLER | like the comment on Dave's
poi nts about observation and to particle size ever,
but there has been some work in other dry
technol ogies, roller conpaction, with acoustic
observation to the point of powder flows of the raw
materials to the consistency of a roller conpact in
the mddle nineties, and while it didn't gain a | ot
of support and acceptance of the rationale for
that, was they didn't know where to go with that
ki nd of work.

So, it goes to other aspects other than
particle size. 1t goes to powder flow and to
consi stency of a process. So, | think it's just a
little bigger, there are other elenents than just
particle size. It is a technology or it is a piece
of science that really hasn't evolved so nuch
because they don't know where to go with it in our
i ndustry.

DR SEVICK-MJRACA: | could be a devil's
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advocate and say we are | ooking at bl end content
uniformty, and you can say that you are going to
assess blend content uniformty on a spectroscopic
signature, but if the particles are of a different
size, why not use that as a nmeans of assessing the
bl end content unifornity.

It al so provide sone indication, you know,
you tal k about flow-I amtrying to be a little bit
broader in the fact that we do not necessarily have
to be stuck with the spectroscopic signature
especially when there are compounds that don't have
one that is anenable.

DR RUDD: It was the point, hopefully,
that | brought out. | nmean | think the answer to
your question really is that it is the conbination
If the spectroscopic properties are inportant, that
is fine, but equally, if they are not detecting or
not revealing critical physical properties, and,
for exanple, the acoustic seeds, you have got to
put the two together

It is just like the way we deal wth
end- product specifications. W |ook at the
conbi nation of attributes. W don't |ook at each in
isolation, but it is that concept, bringing things

together to get the big picture
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137

DR SEVI CK- MURACA: Again, | amgoing to
poi nt out the presentation that we saw, when we saw
the change in the NIR signal, and you have got to
convince ne that that change in the NIR signal is
not because of particle packing or particle size,
or the absorbent signature.

So, | see these two as nutually
conpl enent ary.

DR. RUDD: That is part of the validation.

DR LAYLOFF: That could be the
fingerprint he was tal king about.

DR. RUDD: Yes, it's a diverse array of
assessnent neasures which you put together into a
fuzzy logic to say is the product consistent or
not, and then you fish out the ones that are
critical, and then start dropping the ones that are
not critical.

DR. SHABUSHNI G Maybe the way, though
for the subconmmittee to look at this kind of in
terms of what kind of guidance, is really to talk
about correl ati on-based nmeasurements in general,
and then what that does is it neans that we have a
very large tool box, and | think the presentation
here was very good in pointing out that we have

nmore tools in that tool box than maybe many of us
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1 had consi dered before, and we shoul d keep our eyes

2 open to | ook widely at what sensor technol ogy,

3 measur enent technol ogy.

4 I think, in particular, | would |Iike what

5 you were tal ki ng about, what would a good operat or

6 be able to tell you about the process using al

7 that person's senses, and what we can do is anplify

8 those tools and provi de additional infornation.

9 don't just focus on one site or one sense, that of

10 vi sion, but use the other senses as well.

11 But | think in terns of what this

12 subcommittee can do, is to go back and tal k about

13 correl ation-based neasurenents in general, because

14 we are on that continuumalready. W are stil

15 essentially, in the end, correlating some specific

16 measur enents that we nmake today w th product

17 quality, and relating that to how that product

18 actually going to behave for an individual patient.
19 So, we are already maki ng those ki nds of
20 decisions, and | think if we put what we are doing

21 today in that context, we can cone up with sone

22 meani ngf ul gui dance without limting the
23  technol ogies that would be available to us.
24 DR MORRIS: AmIl wong, or is it

25 basically the charge of the subcommttee is
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essentially to do that, right, it is not to focus
on a specific technol ogy?

DR. LAYLOFF: It is not
t echnol ogy-specific.

DR MORRIS: Right, and as you poi nt out
in your presentation, John, the regulatory buy-in
in essence is a key, but in this particular case
was tal king to Chuck at break, if you | ook at the
genesis of a lot of the nentality that has been
gener ated around sensor-based nonitoring, a |lot of
it started, a disproportionate amount of this
started | think in terns of what was done in the
Agency with Tom and ot hers.

I think the energy barrier is nuch | ower
for that particular thing. | think a lot of the
i ndustrial angst about that, and | shared it when
was in industry, is perception rather than actua
demonstrated reluctance, and, in fact, a lot of the
wor k that we have done at Purdue was either
suggested or supported by Tom and Aj az over the
years.

So, | think that is a |ower barrier than
we are nmaeking it. Is that fair, you can't speak
for where you aren't, but--

DR LAYLOFF: Since | aren't there
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anynore, | can say whatever | want to.

[ Laught er.]

DR. LAYLOFF: But | think certainly Ajaz's
background is nore hard science and engi neering
oriented, mathematics oriented, so that makes it
easier, and that threshold goes down.

Again, | think that one of the problens is
that the Agency, in the review process, focuses on
di scovery, the discovery devel opnent area, because
that is what you are | ooking at when you | ook at
drug approvals. You are basically |ooking at the
technol ogi es that are associated with the di scovery
devel opment and those ki nds of assessnents rather
than these kinds of assessnments, which are nore
downstreamin the manufacturing area, which is nore
in the GW area.

DR. MELVIN KOCH: | would like to inject
somet hi ng here, building on what Tom said earlier,
in the discovery phase. |If we assune that there
are other industries, and | can kind of guarantee
that assunption, that other industries are truly
usi ng these type of techniques, it is not rocket
sci ence.

The petrochenical industry has applied

many of these, starting at simlar stages here.
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Wthin the pharmaceutical industry and earlier in
the chemical industry, it was assuned that the
anal ytical profile, which was gathered primarily
for conposition and stability reasons, that those
are the first techniques you want to run in the
process.

I think it has matured to the inferential
type technol ogi es, the acoustics, the scattering of
thermal, you get into dielectric, surface tension,
a nunber of things that are not profile itself, and
you pull together for properties.

The pol ymer processing industry dealing
with nelt flows and fornulation, and all the
i magi ng concepts, that has been applied for a
nunber of years now. So, | think it would
certainly be well worth it to try and nake sone
anal ogi es. The technol ogy bei ng applied across
industries is not unique to the product. It is
nmore of how it can be applied to a particul ar area.

| believe what we are seeing here is
somet hing of applying all these devel oped
technol ogi es and the data handling, which
eventually we will get into in terns of making nore
sense out of it, applying that to the problenms we

are tal ki ng about.
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DR MLLER In reference to changes of
conponents, site, or batch size or manufacturing
equi prent, they are handl ed, Tom through SUPAC,
IR, for exanmple, and | think conpanies would Iike
to be able to use sensor technol ogies to reduce
wor kl oads and redefine how this could inmpact on
SUPAC, its guidance in cooperation, because it is a
post - approval change, and that is what we are
tal ki ng about here.

If it is not going to be done upfront,
then, it is going to be done later, and | think
that would have to be nmelded in, and it was one of
my speaking points to this commttee, that we think
about that as a part of the PAT gui dance.

| al so have other point that goes to an
i nteresting concern that John presented to us, and
it fits, inny view, to a regulatory snmall hurdle
or GW issue, nore the Gw, and that is, well, what
happens--your questi on--what happens if the
equi prent fails during a process.

I think PAT would have to give gui dance
about, well, what kind of in-house protocol would
have to be in place to handl e sonething via an act
of God cones into place. So, we know where the

time of this failure is, but, okay, can we go to a
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shel f and pull off another instrument and cone back
and redo or recheck fromthat point in tinme to get
us back on track for conpliance and GW i ssues.

This is a fundamental issue that nust be
addressed and answered in a way that is meani ngful
for manufacturers. That would have to be part of
t hat .

DR CHU | wuld like to make a few
comrents. First of all, | would Iike to denystify
this so-called regulatory acceptability fromthe
new drugs perspective.

We have been dealing over the years with a
| ot of new dosage forns in the past, and O singer
[ph] was the first one to approve the first biotech
product, which is totally new technol ogy, nobody
had any experience.

So, our philosophy of reviewis we always
be open-m nded, we will accept new technol ogy as
|l ong as there are adequate data to show t he
technology will yield consistency of product
quality.

Recently, we approved a m crosphere
suspensi on dosage form W approved also rapid
disintegrated di sk, and a few years ago, when the

transdermal patches were around, we approved them
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with solid, valid data

So, we are al ways open-ni nded, and we
woul d put the culture, this philosophy into our
first guidance, so our first guidance will not talk
about specific technol ogy, because any technol ogy
will be accepted as long as they are feasible, so
therefore, our guidance will discuss the mechani sm
of introducing new technology, and it will be nore
i ke what type of guidance rather than how.

We don't want to narrow it down, you know,
the foreign technol ogi es are the acceptabl e ones,
and how you are going to inplenent those, because
that is not our purpose.

I would also like to make a conment about
uni formrel ease, specification, shelf life

speci fication, whether you need to do in-process

testing in lieu of release testing. | think the
Agency will be really accommodating those kind of
concepts.

Actually, if you | ook at a QBA, you know,
we have introduced the concept, so-called
periodical testing, skip lots, so it is not
necessarily all the tests need to be down for every
|l ot at the rel ease.

However, traditional test specifications
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still has its place because, you know, you need to
monitor the stability of the products and when we
i ntroduce generic drugs, we want to nake sure that
the two products are pharnaceutically equival ent.

There is no way to conpare in-process
testing of one company to another conpany, because
those are all confidential information not shared
by companies. | think we know in the
speci fications, standard conventional test stil
has its place, however, the skip lot testing or
even sanples of the testing within a product can be
acconmmodat ed.

The last thing | would like to comment on
is on SUPAC. Over the past few weeks now, | have
been thi nki ng about, because of the conpressed
devel opnment tinme we are facing now, and
optimization often will be done post-approval, and
our SUPAC gui dances are a different type of
gui dances, it's nore prescriptive. It tells you
what you need to do, and it gives you sort of like
a protocol

So, if in the future, we have specific
tests or specific way to do on-line testing, maybe
we coul d introduce those concepts in SUPAC, if you

can denonstrate your process is robust by sone kind
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of critical in-process testing on-line technol ogy,
maybe we can reduce the filing requirenent in terns
of whether you need a prior approval supplenent, a
CB suppl enent or even you can put in annual report
once we know your process is robust.

I think all those ideas are good, and we
can incorporate into our regulatory schene.

MR COOLEY: | would just like to nake a
comrent on the mention of the inferential
techniques. | think that is a real inportant thing
to capture, and it is inportant for the reason
that, as you start witing a docunment for
val idation of Process Anal ytical Technol ogi es, that
we do that with a clean sheet of paper, and not
take a |l aboratory validation guideline and try and
attenpt to apply that to process instrunentation
because | think it is probably going to be the
death knell of the technology if we attenpt to do
t hat .

It is very inportant, as you nentioned,
that these may not be measuring the critica
paraneter directly, it is inferring thema |ot of
times, and the nmeans of how to validate that wll
be drastically different than how you validate a

| aborat ory net hod.
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You nmay not be able to assess accuracy and
specificity in the same way with an on-1line
measur enent as you would in a | aboratory
measurenent, so | think it is real inportant that
we capture that.

DR. CHIU | think that is a very
i mportant point and we should discuss in the
breakout session by the subgroups and conme up with
reconmendat i on.

MR COOLEY: Another thing that | think
that Ajaz kind of touched on was the use of
artificial intelligence, and if you | ook at what
the chenical industry has been doi ng, where they
are taking neasurenents that may not be a direct
reflection of the product at all, and conbining
those through software algorithns to produce soft
sensors that they are using to control the process
kind of ties into all that, and is applicable in
this al so.

One quick comrent al so on David's
i ntroduction of Process Anal ytical Technol ogy being
an enabling technology, is one that | have used
many tine through the years at our conpany because
| feel that very strongly that it is an enabling

t echnol ogy.
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To give a quick exanple, when we started
produci ng bi osynthetic insulin in 1980, to run a
purification colum nanually and do off-line
analysis really limts the scale that you can run
i n chromat ography steps.

When we were able to inplenent on-line
HPLCs and do cl osed | oop control of those
purification colums, we were able to increase
scal e over 5-fold, and really becanme limted by the
scal e of equi pnent that was avail able or we could
have gone even |arger yet, so it is very definitely
an enabling technology that is inportant to capture
fromthe business case.

MR, FAMULARE: | just wanted to bring up
some of the GW concerns that have been raised in
terns of just the npbst recent concern was if the
instrument fails, howwll you react to that froma
compl i ance and GWP st andpoi nt.

I think with the full deploynment and
devel opnment of this technology, | think you will be
at an advantage as opposed to other types of
failures that you may cone into in terns of basic
equi prent failures, because in a sense, you have
know edge on every batch where in a traditiona

val i dation schene using standard anal ytica
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met hods, you basically do the first three batches
and hope to keep that validation going consistently
fromthereon.

So, | think there is a |ot of neasures,
don't know how specific we will be in this guidance
that is coming out of this meeting on that
particular topic, but I think there are nore
advant ages that you will have and al nbost in essence
doi ng validation al nost on every batch, which this
technol ogy hol ds the potential for doing as opposed
to the first three batches

So, | think we could find that to be
advant ageous as opposed to a disadvantage in the
previ ous paradi gm

The other thing | wanted to conment on was
I guess the relationship of PAT testing to the
official tests, and as Yuan-yuan said, it is
important to having reference to it especially for
stability, and the concept of skip lot testing.

Basically, in ternms of GW, as |long as you
performa test on every batch, that test, where it
occurs is not inportant, particularly if the test
if nore valuable than a renote chenical test, so
you wi Il have nmet the GW requirenment and how you

correlate that to the official test will be again
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1 sonething that | think we could work out in nore

2 detail.
3 As Ajaz has pointed out in his discussion,
4 I think you may be focusing on those issues which

5 you can control now rather than the result of that,
6 particle size or distribution of certain excipients

7 versus trying to determne dissolution at a later

8 st age.

9 DR. LAYLOFF: | would like to say |

10 studied two level a long tine, too, in the Agency,

11 and | think skip ot testing probably is not

12 possi bl e, but you can do alternate, | nean there

13 are various testing paraneters that go along the

14  process that woul d be acceptabl e.

15 I think skip lot testing that some people

16 tal k about, we are not going to do any testing at

17 all. That is not going to work.

18 DR. CHIU | disagree. | think skip |ot

19 testing will be possible as |ong as you have valid

20 data to support it.

21 DR LAYLOFF: But there will be valid data

22 somewhere. There will be testing on the lot, there

23  wll be sone kind of testing.

24 DR. CHIU It will be based on process

25 contr ol
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DR LAYLOFF: Yes, that is still testing.

DR CH U Not, not necessarily testing.

DR. LAYLOFF: It's not skip lot,
end- product testing.

MR, FAMULARE: It depends on what you cal
the definition of a test.

DR CHI U  For exanple, we have in the
past required hardness test, and now you don't need
to do process hardness test if you have good
conpression nmeasure in the process, so you contro
your process nore rather than you do a hardness
test.

MR, FAMULARE: That measure we consi der
the test in ternms of GW, right?

DR. CHU That's right. 1In GW, you
consi der that as replacenent of hardness test. W
cannot do it as a skip lot testing for the batch
rel ease.

DR HUSSAIN: Tom | think the other
aspect which | wanted out of this segnment of the
di scussion was | think sone of the concept of
fingerprint or signature. How can signature becone
a specification, how you build controls around that
signature, | think, and how do you use that and

justify that, | think as you break out into working
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groups for product devel opnent, you ought to start
t hi nki ng of how we woul d rethink regul atory
specifications. Signature is becom ng one, and
then up-line chenonetric base to predict sonething

el se.

So, | think all those discussions need to

occur probably in the working groups.

DR LAYLOFF: | was very interested in
pol yvariate, | nean we always | ooked at the drug
subst ance as being the active pharnaceutica
i ngredients as they anchor through the whole
process, but now if you start |ooking at alternate
assessnent technol ogi es of | ooking at consistency,
then, the question is how do you deal with a
pol yvari ate systemlike that.

If the incomng materials are always the
same identical, then, you can deal with it easier
If you don't, if the incoming nmaterials gave a
vari ance al so, then, the fingerprint variance has
to be investigated nore broadly.

I think it can be handled with a
pol yvariate signature or fingerprint, but you are
going to have to test robustness bounds very well,
define the robustness bounds.

DR HUSSAIN. The other aspect | think
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whi ch needs to be considered is this, in the sense
at | east based on ny know edge, a | ot of these
things may not be stability indicating, so we
really need traditional test for stability
assessnent.

But that gives us a dual system there is
duplication, but I think there is an advantage to
that, and the advantage being you have a built-in
redundancy. |f you have a sense of failure, you
have a back-up systemto check on

I think Sonja had nmade a presentation to
us at our CMC annual day, and | think she had
devised a protocol. If you have a question
regardi ng the sensor, you have a back-up systemto
base your batch rel ease on

But at the sanme tine, | think what is also
inmportant to keep in nind is in nmy way of thinking,
you have the public standard that becones the
floor, and with PAT you actually inprove quality,
and so you have a better quality assurance, and a
second back-up system That is one way of |ooking
at it.

DR LAYLOFF: The legal standard will
al ways have to be there. | think what you will do

is actually, the patent will put you at a tighter
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domain on it, on neeting it.

DR MORRIS: So, are we going to frane
this in terns of post-approval, prior approval, and
prior approval with and w thout taking the
technol ogy t hrough devel opnent, is it going to be
that broad a gui dance?

DR HUSSAIN: No, | think that that is a
question for you, and this is what will be
recomrended. M thoughts were, as | said, there
are three options. Option 1 would be in the sense
you have take an existing, currently narketed
product and do this for a reason of either safety
or for inmproving efficiency, where the quality
i mprovenent nmay be marginal, but yet, | think that
woul d be a post-approval exanple, but it can also
have a subm ssi on exanple, which is part of NDA so
I think we have to cover both ends.

DR. MORRIS: | guess ny question is nore
if the technology is included in the NDA, but the
sensor involvenent in the devel opment train didn't
start with product devel opment as opposed to
manuf acturi ng, do we have to then have dua
techniques in the filing.

DR. CHIU. That all depends whether you

have correl ati on data because | think that is
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crucial. |If your devel opnment is based on
traditional wet chenmistry tests, now your filing

wi Il be based on on-line testing with some kind of
physi cal neasurenent, so you nust generate that
data to show the correlation, and I think while the
wor ki ng group i s working on chenmonetrics, we wll
address how you deal with correl ation.

Once the correlation data is there, then,
we do not expect you woul d have a dual process.
You can just use the new one.

DR MORRI'S: | guess one of the problens
that you run into sonetines is that the on-Iline
technique is a lot better than the gold standard,
so it is difficult. |If | have a nuch nore
sensitive method--this is particularly true in
bl ending--ny CV that | mght accept with a few
thief sanples versus the level | can watch it in
process may be quite different.

DR CHIU | think there is a way to do
that. | will just give you an exanple. |n the
past, when we deal with biological assay, very
vari abl e, huge variance, and then we nove to HPLC
which is much nore precise, we generate types of
correl ati on data.

So, therefore, there are other
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technologies there will be a way to address. |
think this is probably the subgroup on chenonetrics
needs to discuss.

DR HUSSAIN: Just to add to what
Yuan-yuan just mentioned, in addition to that
approach, | think you al so need to think of past
principles. Validating sonmething by conparing it
to an existing nmethod is definitely one approach,
but if you can think of validating on its own nerit
al so, | think that would serve sone thought
processes.

DR. WORKMAN: | have just a short comment
related to howto break this down possibly into
usable bites. One would be to | ook at just the
sensor technol ogies in general and the guidelines
relative to using those sensor technol ogies.

Anot her one woul d be to then | ook at the
dat a processing because you produce a signal, how
shoul d that data processing chenonetrics
statistics be done, and then once that infornation
is provided, whatever that information is, then,
how is that going to be used process control wi se.

In other industries, there have been sone
of these issues tackled. ASTMis one group that

has | ooked at this rather carefully and tried to
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| ook at breaking that up in terns of the sensor
devel opnment chenmonetrics, and then the process
section a little differently, because each one of
these aspects is well understood in terns of

appl ying themto get good science. Just a coment.

DR. LACHMAN: | think one of the
approaches to use here would be to start early in
the gane, in the PAT, in the devel opnment phase. W
are still not having enough tine in devel opnent to
really determ ne to PAT as a process under st andi ng.
If we can control the process, define the criteria
that we need to control a process, then use the
PAT, then it easy to extend it right into
producti on.

If you do it afterwards, then, there is a
| ot of correlation. You get into a |lot of
statistics, and it gets a little bit nore
complicated I woul d say.

MR HAMVMOND: | just wanted to nake a
comrent about shelf life testing. | am being asked
to set inny sites, a totally automated,
non-destructive stability testing system So,
think the guidelines need to take into account the
stability testing is well in the sites of PAT.

DR LACHVAN: | think if you can justify
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it, | don't see why that won't work. Here again,
it is validating.

DR. CHIU | think that is correct. What
tests need to be done to assure, you know, it is
stability indicating, not necessarily needs to be a
wet chemistry test, and if you have a physica
test, you can detect degradation, deterioration of
the product. We would accept that.

DR. RUDD: | just wanted to endorse the
comments that Leon nade about the inplenentation of
PATs at the devel opment stage. Cearly and
hopefully, it came through fromwhat | said. That
is the major benefit. 1t's a process understandi ng
exer ci se.

There is, if you like, arisk if we do
start trying to apply PATs retrospectively to
establish products. You know, sinply instrumenting
and maki ng different measurements doesn't actually
i nprove the process. It inproves process
under st andi ng, but, of course, what you may then
di scover is that you now understand you have got a
pretty | ousy process.

I would think fromthe GSK perspective, we
have been | ooking at inplenenting primarily during

new product devel opnent, and the retrospective
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application, the damage actually can often be done,
and nmeasuring nore and nore will not help you

DR. TI MVERMANS: | just wanted to nake one
or two conments. W have at Merck al so expl ored
the inplenentation of Process Anal ytica
Technol ogi es during the devel opment phase, and
think there should be an inportant realization in
t he devel opnent phase. | see two inportant
functions of Process Anal ytical Technol ogi es.

One is to support the devel opnent process
initself to better understand or unit operations
to better understand our processes. The second one
is to help control, nonitor dose paraneters that
are ultimately deened inportant to the process, and
carrying those forward into the manufacturing
facility, into manufacturing stage.

Those are two very different things, and
the subcommittee should consider to what extent
they want to provide gui dance on both of those.

Al'so, | think from experience
whol eheartedly support the devel opnent process
i npl ementation, the early phase inplenentation
t hroughout the devel opment process, but | think
there should be the realization, particularly if we

start tal king about fingerprinting of processes,
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that early one we have very little, you know, we
only run very few batches actually at nanufacturing
scale, so a fingerprint may consist of five or 10
snapshots, and we nmay actually need 20 to 50 or 100
in order to actually capture a true fingerprint.

So, while Process Anal ytical Technol ogi es
may provide us with a fingerprint, to capture the
whol e picture may be a very |lengthy process, and we
need to realize how we actually put that picture
t oget her.

What we use early on in the devel opnent
stage of the fingerprint is our back-up, as our
primary control to ensuring ultinmate product
quality.

DR. LACHVAN: | think what you have to do
is get into the devel opnent phase earlier than we
normal ly do right now in devel opi ng new drug
products, because the "R' noves al ong, and
devel opnment just supports the "R " and | think
devel opment has to now conme in sooner, and you do
get that additional information and scal e-up, and
you probably would have to scale up sooner to get
those nunbers that you are looking for to do a
statistical analysis of what is the meaningful ness

of all this information, and that is going to be
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very critical

DR LAYLOFF: | think that is what Jozef
was poi nting out, that when you nove into early
devel opnment, you don't have enough robustness data
to really define the fingerprint.

DR MORRIS: But it is sort of incumbent
on you at that stage to identify the paraneters
that you have to nonitor. Even if you don't have a
fingerprint, you should know what is inportant, at
| east to the | evel you can, based on the
under st andi ng of the materi al

By the time you get to full scale, even if
you have sort of nonitored a few things during
devel opnment, and you get to full scale and realize
that you have a crappy process, after all, if that
is all it tells you, it is sort of the antithesis
of fail fast.

I nmean if you identify the key
physi cal -chem cal paraneters of the process that
are inportant, and they have the sensors, as Eva
was saying, |ook at the fundanental enough process,
so that you know you are | ooking at the process
with the | evel of resolution you need to, then, at
| east you know when you get to full scale, what

eyebal | s you have to have, because if you get to
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1 full scale with the wong eyeballs, it doesn't nake

2 any difference.

3 DR. TIMVERMANS: | totally agree. The

4 only realization you should have is that in sone

5 cases--and again speaking from

6 experience--sonething that is inportant at smal

7 scale, may not be at large scale, or vice versa.

8 DR MORRI'S: Absolutely.
9 DR. LAYLOFF: W are going to break for
10 lunch now. W are on schedule, alittle bit over,

11 but this was very exciting and the Chair got
12 excited al so, so we ran over schedule. W will
13 reconvene at 1 o'clock for open public hearing.

14 Thank you.

15 [ Wher eupon, at 12: 05 p.m, the proceedi ngs

16 were recessed, to be resuned at 1: 00 p. m]
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1 AFTERNOON PROCEEDI NGS
2 [1:00 p.m]
3 DR. LAYLOFF: W are at the open public
4 hearing section of our neeting. | amgoing to turn

5 the chair over the Kathleen, who will run it.
6 Open Public Hearing
7 MS. REEDY: The first speaker who has

8 regi stered for the open public hearing is Gabor

9 Kemeny.
10 DR KEMENY: Thank you. | have five
11 mnutes, so | will be junping in the mddle. | am

12 very interested in all of these correl ation-based
13 technol ogies and all of the subjects that you

14  touched upon

15 Wthin this five mnutes, | would like to
16 focus on one very narrow aspect of validating

17  equipnent, which is wavel ength standardi zati on.

18 [Slide.]
19 If you |l ook at reflectance spectrum of
20 materials, for exanple, | just pulled out a set of

21 steroid spectra, there is a refl ectance wavel ength
22 standard that the NIST puts out. It's the SRM

23 1920a, which has bands up to about 5,000 wave

24 number, which is 2 mcrons.

25 So, technically, beyond that, you cannot
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1 use that range for calibration or identification of
2 materi al s.
3 [Slide.]
4 If you magnify out that region, it is very
5 rich and that's the conbi nation regi on which should
6 be used. Therefore, | think there is a need for a

7 standard to extend to that region of the spectrum

8 as well. This is not a very specific sanple, just

9 6 steroids, and you can see how different they are,

10 how characteristic they are, so it would be a waste

11 not using that wavel ength region.

12 [Slide.]

13 The NI ST standard has three rare earth

14 oxi des m xture, erbium holmum and dysprosium
15 oxi des. You can see that above about 2,000
16 nanoneters, there is virtually no bands in the

17 upper blue trace.

18 So, we did a small increnmental inprovenent

19 on that standard, added another inorganic materia

20 to it, which just so happens has a band in 1,400
21 where the other standard is totally enpty, where
22 the other rare earth oxi des do not have an
23 absorption and also fills up the 2 to 2.5 micron
24  wavel ength region

25 [Slide.]
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We proceeded to | ook at the standard in
nmore detail in a inter-laboratory collaborative
effort because the previous standard was cali brated
in a dispersive instrument in the md to late
eighties, so the precision of the bands were not
est abl i shed very well.

So, we got together University Nationa
Laboratory and private industry effort that
involved five different FD NIR instrunents, a
di spersive instrunent for reference purposes, and
we | ooked at different optical arrangenents,

i ntegrating spheres, diffuse reflectance
accessories, fiber optics, neasured spectrum on
those five instrunents.

We | ook at the effects of the various
al gorithms for peak picking. W |ooked at first
the effects of baseline and the derivative
treatments that nost of the near infrared
techni ques use, and then | ooked at also the center
of monmentum or polynonial fittings of these peaks,
and | ooked at which are the nmost reliable, and al so
| ooked at the effects of different instruments and
optical arrangenents.

Furt hernore, one other thing we did, we

| ooked for standard--it is inportant what is the
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useful tenperature range. This has not been
established in the past, so this standard, we

| ooked at a quite wi de range from 7 degrees Cel sius
to all the way up to 60 degrees Cel sius and found
that the tenperature coefficients are very |low, so
the standard is useful in a very wide range in the
| aboratory.

What is very interesting, | don't want to
bore you with just numbers. It will be published
in the spring in a couple of peer-revi ewed
journals. There is also this work.

The square root of the mean variance
across the five instrunents, we were able to reduce
to about a quarter of a wave nunber, the
di fferences between these various instrunents, so

this standard is very useful

The physical format is sinmlar to the NI ST

standard in its physical size, and it has a
sapphire wi ndow, so it is scratchproof and stable.

[Slide.]

In summary, | would like to nention that
the standard, because it has an extended wavel ength
region, it could supersede the 1920a, which can
only be used up to 2 mcrons.

We have established these instrunents to
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0. 03 wave nunber that presents thenselves in a
solid phase as only to a quarter of wave nunber.
Temper at ure dependence was very m ni nmal

Finally, I would like to ask any of you,
or your conpanies, or sonebody you know, who woul d
be interested in partnering in getting these
standards and other standards that we are working
on into the hands of the users. | would be nore
than happy to talk to you, and ny e-nmail and other
contacts are in the handout that | placed outside.

Thank you very nuch.

M5. REEDY: Thank you, Dr. Keneny.

The next speaker is Ronald MIler

DR MLLER | amgoing to yield ny tine
to the next speaker. The discussion points would
be handl ed during the forumtoday. Thank you

Ms. REEDY: Thank you, Dr. Mller.

The third and final registered speaker is
Howard Mark of Mark El ectronics, and he is not
present. In your folders, the next docunent on the
slide side is his submitted statenent, so at some
point you may like to peruse that.

Thi s ends the open public hearing.

DR. LAYLOFF: W are going to go on to

Process and Anal ytical Validation. Bob Chisholm
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from AstraZeneca will be our speaker.

Bef ore he gets up, | would urge all of you
to pick up your questions that were handed out
earlier on Process and Anal ytical Validation
Wrking Goup. We will try and focus our
di scussi ons on those topics. They are on the right
side of your folder.

Session Ill: Process and Anal ytical Validation
Perspective 1: Robert S. Chisholm AstraZeneca

MR CHI SHOLM Good afternoon, everybody.
Thi s has caught me conpletely unawares. | thought
I had a whole hour to prepare for this, and no one
has turned up for the public neeting, which cones
as a bit of a shock to me. So, | may have to bl uff
my way through sone of this.

[Slide.]

Firstly, I would like to thank the FDA for
inviting nme onto the comrittee, and to say it is a
great pleasure to be back in the U S. and
particularly in the Washi ngton area.

I am supposed to today give a talk on the
perspective on process and anal ytical validation
Maybe | had better start, giving a little bit of
background, some context. The teams that | lead in

the UK for what was Zeneca, now AstraZeneca,
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basically, it's the devel opment of pharnmaceutica
engi neering technol ogy and pharnaceutica

engi neering science for the benefit of the

i ndustry, so we do quite a wide range of things

About three years ago, we decided to nove
into process analytical technology primarily in the
formof things |ike Raman spectroscopy and near
infrared anal ysis. This culmnad on a sanctioning
a plant in Germany, Plankstadt near Heidel berg,
which is an inportant tablet facility PTF, and it
is totally equipped with PAT and does real -tine
quality control on real-time quality assurance in
usi ng these techni ques.

I will try and keep the presentation
general because it is a general gate that we are
having. It will have very nuch a nanufacturing
flavor because that is ny background for all the
years | have been in the industry, so you will have
to bear with ne. There won't be nmuch of process
devel opment from ne, because | know not hi ng about
it basically, so | won't talk about it.

[Slide.]

I think to understand the issues involved
in validation, we have to | ook at the way that the

pharmaceutical industry operates now, the way it
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will operate, and then what | would like to do is
show you a generalized nodel of a PAT-based system
di scuss that with you, and |l et you see where the
val idation issues have cone from

What | will dois | will pose a nunber of
questions w thout giving the answers to try and
provoke sone di scussion that will help us when we
are in the validation working party tonorrow

[Slide.]

If we | ook at the traditional approach,
think it has been partly discussed already this
morni ng. Processes are validated usually over
three batches, at the Iife cycle comrencenent, then
run for the whole of the life cycle. Sonetines
compani es revalidate them sonetinmes they don't.
They are operated, controlled by standard operating
procedures, i.e., the operators have to al ways set
the sane paraneters. There are no automatic
controls or feedbacks in the system

@A, quality assurance is based on off-1line
testing of a small sanple or product to the end of
the each batch, is the old 620 rule, so very snall
sanpl e data systens, not statistically based

If we | ook at the new approach, and | have

used the word part because it is an accepted word
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in the industry, really, what | would call this is
total quality managenent. You have got on-line
anal yzers for quality control of each unit
operation, |ike your process control throughout the
bat ch, continues process control and nonitoring.

You have got real -tinme,
statistically-based quality assurance throughout
the batch. This is a solid dosage facility. W
actually have NIR anal yzers actually on the tablet
presses statistically sanpling throughout the
bat ch.

What you have actually done is you have
increased statistically-based testing regines, and
this given you the potential for release of product
wi t hout further off-line testing, the so-called
paranetric release, which is not a terml |ike very
much because | think it is totally unrepresentative
of what we are actually trying to do

So, two totally different approaches, and
the first one, snall sanple set at the end of the
bat ch, and the second one, we statistically test
t hroughout the batch, and increase the testing
frequenci es, and then can rel ease the product.

[Slide.]

Everybody worries about statistics.
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renenber getting 19 percent at university in
statistics. There is two different kinds of
statistics. Wien | talk about statistical control,
what | amsaying is that we nonitor throughout the
batch. This gets rid of the problemthat you get
in traditional systens where you may have different
profiles at the beginning and the end of the batch,
whi ch you may or may not pick up by sinply taking
some sanples at the end of the batch.

[Slide.]

H G Wells obviously saw this com ng,
because in 1925, that is a quote fromH G Wells,
"Statistical thinking will one day be as necessary
for efficient citizenship as the ability to read
and wite." So, this guy clearly saw that we woul d
all be sitting here today, because you | ooked at
time and things like that, and decided to send us
this quotation, | think.

[Slide.]

In ternms of inplenmentation of such a
strategy, what we are actually doing is we are
i dentifying and specifying all incom ng raw
materials in the dispensaries as they happen
Al so, in the warehouse it happens.

If you have a fluid bed drive, it wll
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clearly control that. That has al ready been

di scussed this norning. W al so control the

granul ator. Continuous on-line nmonitoring of

bl endi ng, as Steve was pointing out earlier on, and
end point control of blends, so you have a
different blend every tine if you need it.

In-line nonitoring of tablet quality
paraneters agai nst regi stered specifications. That
is your quality assurance throughout the batch as
they cone off the tablet press.

We have this in a 21 CFR 11 conpliant data
management system

So, real-tinme continues quality assurance,
whi ch provides a platformfor parametric rel ease

[Slide.]

That is a typical plant, solid dosage
again | am afraid, but what has actually happened
inthis is, for sonme reason, the anal yzers haven't
come up on the overhead, so | don't know how t hat
has happened. But everything coming in to
di spense.

Each di spensary is equipped with NIR
anal yzers, fluid bed drives, controlled end points
and we have the bl ender under continuous control,

and as we conme off the tablet press, we are
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sanpling tablets, not every tablet, but we are
sanpling tablets throughout the batch to check for
conformty

We could also do the coating. It is not
necessary for this particular product because the
coating is actually cosnetic.

[Slide.]

That is, in fact, the actual plant.

[Slide.]

If I nove now onto generalized nodel of a
Process Anal ytical Technol ogy-based system so we
can get a little bit nore into the depth perhaps of
t hese systens.

What sort of nodul es would you need in
such a system what are the functionalities you
actually get into here?

well, for a start, you are going to have
to have long-term spectral data storage. You are
al so going to have to have | ong-term nodel storage,
or, indeed, any other data that you are putting
into the system if it's not a spectroscopy-based
system

You have got to renenber you have al so got
to have anal ytical or other data storage al so,

because at sonetine in the future, the regulatory
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authority is going to want to cone and see all this
dat a.

You are going to have to have to do your
nodel i ng, so sone nodule for that functionality.
Reporting becones very, very inportant, so you are
going to have to have validation records, batch
records, manufacturing records, and |ong-term
storage of these, so you need a functionality
t here.

You will also require an SPC, statistica
process control module with the ability to historic
trend and actually correl ate across your processes,
and that is the so-called managenent execution
system of course.

We have to really look at these systens in
terns of three nodes of operation - nodeling,
val idation of the nodeling process, and then
manuf acturing itself.

[Slide.]

I amsorry, that has not conme up very
clearly on the overhead for sone reason, but what
you actually have there is just such a system It
is drawn nore in a conputer fashion, but these are
actually the functionalities.

At the top lefthand corner, you have got
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your spectral and nodel storage, the action
storage. Next to that you have your nodeling
modul e, and on the righthand side you have your
anal ytical storage nodule with all your data from
HPLCs or whatever coming in there

You al ways have to have a central contro
nmodul e. In this case, it would be sone sort of
server managi ng the whole thing. On the right of
that is actually the reporting nodule, which is
sitting there for your validation reports, |ong
term and also for your nanufacturing batch
reports.

As we cone down at the bottom you will
see | have drawn a manufacturing execution system
modul e with statistical process control and

| ong-termtrending.

The anal yzers are down at the bottom here,

and the process is down at the bottom So, that
systemrepresents any PAT system In this
particul ar case, it happens to be spectroscopic.

For the nodeling nodule, it would be based on
chenmonetrics, but that does not necessarily need to
be the case. It could be some other correlation
modul e for different technol ogies.

[Slide.]

file:///C|/IWP51/WPFILES/0225PAT1.TXT (176 of 309) [3/28/02 10:31:33 AM]

176



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

If we actually | ook at what happens in
practice, and as | say, | do apologize, it is very,
very hard to clearly see what is up there, the
first thing that we have to do with such a system
is obviously to create a nodel in the first place.

The way we woul d actually create that
nodel is let's take an exanple, say, of tablet
active content. You would be taking the spectra.
These would go into the spectral nodel up here for
|l ong-term storage. You would then take the
tabl ets, and you woul d have to probably
HPLC- anal yze it, so that would conme into your
anal ytical data storage, and both sets of data--and
there woul d be quite a large data set--would then
in fact, go into the nodeling nodule to create your
nodel .

That woul d then have to be long-term
stored because that is what you are going to use in
your manufacturi ng.

I think the first point that | would put
to the group really and to the working group is how
much of this data do we need to keep. There are
peopl e who think, well, you only actually have to
keep the nodel itself because you are then going to

val i dat e t he nodel
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I think regulatory authorities would say
that you have to keep the source data. That is
somet hing we need to discuss, and see sort of
hi gh-1 evel recommendations | think we need to be
making to the industry, because | amquite sure
that an inspector would conme al ong and say, well,
prove how you did that nodel, show ne again, and
you can only do that if you have kept all the data
you used to build that version of that particul ar
nodel .

So, there is a question: Do we keep all
the source data and in what forn®

That is why | actually tal k about
| ong-term storage, both of the analytical data, as
wel|l as the actual spectral data in this case.
These are inportant points, | think.

You have then got to validate your nodel
so you are actually operating in a slightly
different node. Wat you would then be doing, you
woul d still be taking spectra, you would then use
the spectra in the nodel to predict whether or not
you actually had good product.

Then, you would have to take that tabl et
again and actually validate that you have good

product by putting it through a normal register
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test and correlate the two. So, you have actually
now val i dat ed your nodel by saying these are the
anal ytical results, this is the spectral result
with its prediction. They are both the sane, in
other words, parallel dossiers.

This is an approach that you would
certainly have to use for an existing product, and
| believe actually, probably for any product at the
end of the day, because | think it is probably what
the regul atory authority would be happy wth, but
agai n, open to discussion, | think

VWhat | would say there is that this time
you have no choice. This is validation data, you
have created your validation reports. This is
| ong-term storage and has to be available, | would
suggest the regulatory authorities, how did we do
it, because they will want to see that that nopdel
has been validated and, in fact, is neaningful

So, sone issues in there about these sort
of areas, the practicalities of all the storage, et
cetera, howdid we do it. | think you will see
what | am heading for here. The anpbunt of data
handl ed by these systens is so conplex and so
| arge, that alnost certainly what we are headi ng

for is a conputer-based el ectronic record system
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with all the attendant difficulties that that wll
have.

So, that is that. |If we now say okay, we
are into manufacturing, basically, all we are doing
now, of course, is we are taking spectra of the
tablets in this particular case. W are running
t hem agai nst the nodel, we are predicting, and
sayi ng pass or fail.

The fundanental question | think that the
wor ki ng parties have to consider is what does a
batch report know, what on earth is a batch report,
how does the qualified person in Europe or the QA
person actually decide it can rel ease that or she
can rel ease that product. | nmean what constitutes
a batch report in these circumstances, what
constitutes in statistical terns the pass or the
fail

I think these are essential validation
issues. | think they have to be discussed
ultimately with regulatory authorities because we
are in a whole different ball game froma sinple
anal ytical test.

In some way, we have to have documentation
that allows an inspector to come al ong, take what

we woul d have known as a batch report, which is
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going to be a very different docunment now, and say,
okay, take ne through this, justify how you got
that prediction, show me where the nmodel is, how
did you make up that nodel, and how did you
validate it. Al that information is going to have
to be available, and | really don't see howit can
be available in anything but a | arge data handling
system such as this.

I don't think these things are
particularly easy, but | think these are the sort
of high-level issues that we really have to
di scuss, and these are the sort of things we should
be gi ving guidance on rather than on the specific
t echnol ogi es.

I just mentioned the regul atory status of
nodel source data, spectral and anal ytical,
traceability and | ong-term storage. | have
mentioned traceability of spectral data, related
anal ytical data, and nodel predictions for the
nmodel validation phase, and its |ong-term storage.

In manufacturing, what formwll the
supposed PAT batch record and rel ease data take?
How can it be used by QA to rel ease product, and
how woul d a regul atory body inspector find an audit

path fromit for verification, because all these
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things will still have to happen.

I find nyself talking glibly, even I talk
glibly about batch records, but we don't actually
know really what it neans, and | think we have to
gain some agreenment with regulatory authorities.

The last thing | nentioned there, it is
probably as well to go back to the previous slide.
Down on the bottomrighthand side, | have put in an
SPC nodul e and their long-termtrending. Wat | am
really putting there is a manufacturing execution
system

I do believe that such data may well have
to find its way into the batch report for product
rel ease, but there is a fundanental question here.
Since this is a manufacturing execution systemto
hel p us inprove and head for nmanufacturing
excellence, is it really an issue for registration
or inspection by regulatory authorities?

The i medi ate answer that comes to nmind is
no, that is conpany business, not regul atory
busi ness, but if you actually think what you are
doi ng here, to nmake these systens really effective
in the way that we and | think the regulatory
authorities want, SPC, statistical process control,

will look on a batch-by-batch basis and nake sure
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you are not turning out of conpliance.

Basi cally, behind the statistical process
control, you will have |long-term data trending,
because you will wish to know, for instance, if you
bl end sanes are varying, is it to do with raw
mat eri al variance, which neans you have to be
correl ating between any changes you are finding in
your raw materials when you are using NIR on them
and, in fact, changes in blend times and changes in
tablet quality.

This is your conpl ete nanagenent system
that you are manufacturing for excellence. From
the point of view of validation, should or should
that not be in the realmof a regulatory authority?
What we have to remenber is this may cause us to
take sone critical manufacturing decisions, so
there may be a case for it being certainly
di scussed with the regulatory authority if we use
such systens.

I will go on the next one again. The very
last point | will just reiterate again. The
VES/ SPC activities provide process understanding,
| ong-term know edge, increase what regul atory
status, if any, is associated with them

Again, | think we have to think of that as
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a hi gh-1evel recommendati on.

If we cone on to perhaps follow areas of
di scussion that the group could discuss in
validation, the first thing | would like themto
consider, | think, is registered processes versus
statistically quality control processes.

What we actually do in the industry at the
moment, of course, is we do this validation, we
have regi stered the process, and the operators wll
hopefully run that process to these paraneters for
the next 20 years. They are nore worried about
running to these parameters and perhaps the end
result, because it is the end result that matters.

Once you go into statistical process
control, you will actually want to vary parameters
to keep your processors in control and conpliance,
and i nprove as your know edge bases increases, what
does that mean for registration with regul atory
authorities, what, in fact, do we regi ster now,
because we are noving into a conpletely different
paradigm fromthe one that we exist in at the
noment .

Msel f, Dave, Steve have all tal ked about
varying blend tines based on sone results, be it

fromacoustics, be it fromNRA and in fact, our
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pl ant actually has variable blend tines, we don't
use themat the noment, because there will be a
registered blend time for that process, and if a
facility manager says to ne, well, | ook, Bob, there
is not point in me doing that, | have got to run to
the registered process even if it's wong.

We are noving into a totally different
worl d where we do not want to register things |like
that anynore, we want to keep a process under
control. That is something else | think that could
wel | be debated in ternms of a high-1leve
reconmendat i on.

There are issues involved here of what |
woul d call fundamental science and validation. |
don't want to go into these too deeply because once
you go into these, you are becom ng technol ogy
specific, of course.

I just want to warn everybody that | think
these sort of gades [?], if we are not careful,
will be left enmpty and bereft if we don't have
somet hi ng about some of these issues in there,
because there are a | ot of fundamental science
i ssues, especially in the areas of transfer between
anal yzers, et cetera.

That nore or less brings ne to the very
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last thing that | wanted to say, going back to the
earlier diagram | mentioned that these change
because of the amount of data and conplexity to be
big data systens, and these would require a | ot of
work in 21 CFR 11, the conputer validation areas.

Just to give you an exanple of this, this
is actually the upside-down version of the
Pl ankstadt facility. That is the actual system
architecture for that facility. It is ethernet
based. You have the analyzers at the bottom
t hroughout the plant, all connected to ethernet, to
servers, which go up to the spectral data storage,
et cetera.

I will not go into that because | have run
out of tine. Cdearly, up as far as the tabl et
pressure of quality control, and the conplete thing
is a quality assurance system | can assure you we
val i dated the system The anount of validation and
work is hard to go into. It was quite
extraordinary, as it is with all these big data
systens, and | think people have to be aware of
that, because there will be these kind of data
systens that we will have to use.

One question that | think is a question

for the FDA, as well as the working group. The FDA
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does not really like and no regul atory authority
|li kes open systens. They would rmuch prefer a

cl osed system where they can actually see
everything that is going on, and nothing from
outside can interfere

The very nature of these systens quite
often neans they are open systens because they have
to be ethernet-based, usually on plant ethernet
systens, and, indeed, in the future, may even be
accessed directly by FDA t hrough nodens to check if
a conpany is in conpliance.

This may be a direction we will go in,
whi ch neans they are an open system This brings
inalot of validation difficulties.

So, I will leave you with that picture.
This is actually the PTF architecture at
Pl ankstadt, so it is being done, we have done it,
but it is extrenely difficult.

Thank you very nuch.

DR. LAYLOFF: Thank you, Bob

We will noving on nowto Leon Lachnman

Per spective 2
Leon Lachman, Ph.D., Lachman Consulting
DR. LACHVAN: The first slide | am going

to show is the common definition for process
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val i dati on.

[Slide.]

VWhat we have been tal king about with
regards to inference testing and nodeling, and so
on, doesn't conflict with this definition. It is
mai nly to show that the specific process wll
consistently produce a product neeting its
pre-determ ned specifications and quality
attributes.

Now, how you acconplish that coul d be done
by nodeling and by inference testing.

[Slide.]

We al so have to keep in mnd that we have
to think of the equipnent we are using to
acconpl i sh the nmodeling and the inference testing
to cone up with the validated process, and
equi pnment we are using is not one piece of
equi prrent usually in a process. It is multiple
equi pnent, and we have to first show that the
equi prent is reproduci ble as part of the process.

If the equiprment is not qualified to show
it repeats itself, then, the process is not going
to be able to be validated.

[Slide.]

This is a simlar definition by a European
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agency, and | think we can pass that up

[Slide.]

Change control, we haven't heard about
change control, but that is very, very critical in
validation. You can't just go ahead and change
nmodel i ng or inference testing without having a very
strong change control process in place, and that is
goi ng to govern your effectiveness of your
val i dati on.

[Slide.]

W have been tal king nostly about solid
dosage forms by doing these inference testings that
we tal ked about. W al so have to consider
solutions and nore difficult ones are the
suspensi ons and enul sions to nonitor by nodeling
and inference testing. Lyophilization probably
could be handled fairly well. QG ntnents and creans
then become a little nore conplex, as well.

[Slide.]

W tal ked about the various steps in the
devel opment and design of the process, and this is
where we have to get involved with the PAT testing,
is in the design of the process, and we tal k about
size reduction, we tal k about bl ending,

granul ating, conpression, encapsul ating, and
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coating, and these are the areas that we need to
test out the various PAT paraneters and how t hey
effectively handl e the process as we are devel opi ng
it and scaling up.

My concern is not enough of this is done
during devel opnent. W have a big tine period for
"R, " the research part, but we have a small tine
period for the devel opnent, and it may be
wort hwhil e to backtrack and start devel opnent
sooner and do your scale-up, as well as your
i n-process optimization. That is going to be very
critical is the optimzation studies.

[Slide.]

For an exanple, we have equi pnent that we
need to consider for blending, and the bl ender
geonetry, the intensifier bars, operating
principles, the conpleteness of the volune of the
bl ender, how much powder do you put in there, the
order of addition, the RPMs, the time, all these
play a role as to the honogeneity of the blend.

So, you have got a number of variables
just with the bl ender before you tal k about
mlling, about granulating. Each step has nmultiple
vari abl es that we have to keep in mind. This is

just exanple in blending.
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[Slide.]

Li qui ds, we have other concerns. You
know, for solution liquids, you have the regul ar
materials go in solution. You have got the fil
uniformty we get concerned with, filter
compatibility, the tubing interaction that you have
with the preservative active ingredient. You have
got different flush volumes. So, you have got of
background work to devel op before you can really go
into this nodeling and the testing on a routine
basis with inference testing.

[Slide.]

Suspensions. Here again we have the
mlling, the nmixing. W have viscosity,
resuspendability, aggl oneration, and caking. What
paraneters do you nmeasure, do you neasure
vi scosity? Do you neasure size? Do you neasure
aggl oneration? What is critical in the process
control? That is going to be very inportant to cone
up with early in the gane.

[Slide.]

Here, we have got emulsions, and this is
not an easy one to nonitor again, because you have
vi scosity, you have got the creanming potential, who

wel|l does it reenulsify when it is used? You have
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got coal escence, globule growh, what do you keep
| ooking for? Viscosity may not be the idea
par amet er .

[Slide.]

We tal ked about |yophilization. That is
not too difficult to control because you are
freezing, you are |looking at tenperature and rate
of cooling, and drying, you are |ooking at
tenperature rate of heating and vacuum and then
you have got the end product. You want to verify
the dissolution rate of the cake is adequate.

I am just showi ng you nurmerous
variabilities and paranmeters we have to consider
for these inference prograns, nodeling of the
control system

[Slide.]

Simlar for ointnments and creans.

[Slide.]
Met hods validation, | think we all know
the definition pretty well. This is one of the

definitions, that procedures are suitable for their
i ntended use and that they support the identity,
strength, quality, and purity and potency of the
drug substance and drug products on a repeatabl e

basi s.
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1 [Slide.]

2 Now, there is a nunber of guidelines that

3 has been issued in this, and they are ICH and the

4 CDER, the USP

5 [Slide.]

6 The ICH has a definition, too. W don't

7 have to go through that.

8 [Slide.]

9 Now, considerations prior to validation
10 Bef ore you go into nethods validation, you have got
11 to look at the suitability of the instrunent, the
12 qualification and calibration of the instrunent.

13 Suitability of nmaterials, the reference

14 standards, reagents, placebo lots, and so on

15 suitability of the analyst, has the anal yst been

16 trai ned adequately for the procedures, and the
17 documentation. These are all factors that

18 contribute to the methods validation.

19 [Slide.]

20 These exanpl es for different methods.

21 know, chromatographi c met hods, you have got a while

22 slue of those, and then you have got

23 spect rophotonetric nethods, capillary

24 el ectrophoresi s nmethods, particle size analysis by

25 | aser or mcroscope. You have got dissolution
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met hods, titration, autonmated anal ytical nethods,
robotic automated anal ysi s.

I think for some of the testing we | ooked
at just now, we are tal king about automated
anal ysi s one way or another when we are | ooking at
measuring performance through various anal ytica
t echni ques.

[Slide.]

Now, we all know the genera
characteristics for nmethods validation. These are
listed here, but if you are going to use inference
testing, you can't do all these. You are going to
have to select what is nost inportant to assure the
product is going to neet end-product quality
attributes, so you are probably going to | ook at,
what, accuracy, robustness, and specificity will be
for stability, but you are probably not going to
use the method for stability testing anyway, so you
just want to show the reproducibility of the
process, and | think accuracy and robustness
probably of the inference method is going to be
very critical

I amnot going to go through all these
These were definitions, and everybody knows these,

so we will just go fast through these and forget
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about them

[Slide.]

Now, impurities is a very critical area,
we have got to talk about a little bit. The nethod
that we use, inference nethod has to al so be able
to detect inpurities. You have to have sonme kind of
mass bal ance to be shown, and the USP is the
m ni mal standard with regards to degradation
products or impurities or related substances.

[Slide.]

Now, the Conpendi al Anal ytical Procedures
is aregulatory procedure in that it is listed in
501(b) of the Federal Food, Drug and Cosnetic Act
as a regul atory anal ytical procedure for conpendia
itens, however, this is sonewhat of a disclainer.
"The suitability of these procedures nust be
verified under actual conditions of use" because
the methods in the USPNF may not reflect the
formul ation that you have

[Slide.]

Al so, there is a disclainer with regards
to stability, so you have got to verify whatever of
the conpendi al nmethods where they are stability
i ndi cating for your fornulation when it has no

i nterference.
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[Slide.]

W get into the inference testing and
model ing. Really, we are tal ki ng about aut omation
One way or another it is going to be in-process
controls, there is going to be statistical controls
and automation, conputer invol venent.

We know it is going to reduce the
variability, it elinmnates the human interaction,

i ncreases know edge of the process if you begin
this process of inference testing, the PAT in the
devel opnent phase.

It will inprove nonitoring and control and
deci si onmaki ng because you are going to have a | ot
more data to do it with. You will inprove process
and product consistency because here again, you
have a |l ot nore data to anal yze and determ ne your
consi stency of the process statistically, inproving
the docunentation reporting capabilities because
you are accunulating all this information in the
conmputer, and it should reduce cost because you are
going to have less rejects or less rework, or
what ever .

[Slide.]

It al so provides expanded real -time

nmoni toring and adj ustnment of the process. This is
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the feedback, but you need a feedback for the
controls. So, you are going to have to have a
f eedback system not just for in-process

nmoni toring, but a feedback when you do slightly
show a trend out, you have to bring it back in
control

You have this enhanced ability to
statistically evaluate the process performance and
product variabl es because this happens on-Iline
continuously. You have enhanced data and
eval uation capabilities and increased confidence
about the process reproducibility and product
quality.

You al so have the inproved ability to set
target paraneters and control limts for routine
production, correlating with validation results.
Here again, this is very critical to start in a
devel opment phase and during scal e-up, and so on,
because your critical paraneters and your range
around those paraneters are normally set during
scal e-up, during the devel opment phase, and
optim zation during those studies are very
i mportant before you go into the validation

Then, you have enhanced reporting

capabilities, and we just heard we are going to
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have a |l ot of stuff to report, and what do we
report, and how do we report it, how does it get in
the batch record, and so on.

[Slide.]

Then, we have the consequences of
i nadequat e automati on. The acquired data may not
be conpl ete or accurate and/or representative.

| mproper eval uati on and process assurance
and adj ustmments based on i nadequate information,
process devi ations, product quality problens. You
have got down tinme, rejection of in-process and
fini shed product, product recalls and eroded
goodwi | | .

So, the autonation conponent, the conputer
component of the inference program of on-Iline
monitoring is going to be very critical for that
entire effort because there will be a ot of data
generated, and it is going to have to be handl ed
sonehow.

[Slide.]

The sensors nust be calibrated. They just
don't run by itself and calibrate by thensel ves
usual ly. The controllers nmust be qualified,
calibrated, and maintained at appropriate

intervals, so there is going to be a maintenance
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programthat is going to be different than you are
accustoned to.

The environnmental requirenents for a
conputeri zed system needs to be defi ned,
mai nt ai ned, and docunent ed.

[Slide.]

We just heard ny coll eague here is going
to be on the working group with ne. Systemfor
reporting and eval uati ng devi ations. You have got
har dwar e, you have got software, you have got
security, you have got life cycle managenent, you
have got the equi pnent mai nt enance, you have got
the calibration, you have target and control limts
versus validated paraneters versus historica
per f or mance.

So, there is a whole slue of things that
conme into play that we don't think about. W hear
these terms thrown out, but there is a |ot of
things behind those terns that need to be
addr essed.

[Slide.]

The operating environment, the in-process
control data, use and retention, we just talked
about that, how long do you keep it, SOPs, there is

going to be a | ot of new procedures, people have to
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be trained. W have data integrity concerns, and
we have | egacy systens, how are we going to treat
t hose.

[Slide.]

Cl osed systemcontrols is probably one of
the things that we need to consider here, is the
validation. W have the el ectronic and human
readabl e formats, protection to ensure accurate and
ready retrieval, authorized access. W need to have
audit trails. W need device checks to determ ne
validity of input, operational system checks as
appropri at e.

[Slide.]

We have to have written policies and
procedures. W have to have controls over system
docunent ati on, operational system checks as
appropriate, control over access to system
operation and mai ntenance, revision and change
control procedures, docunented evol ution of
changes, and qualified personnel. That is going to
be the biggest factor is get the appropriate
qual i fi ed personnel

That does it. Thank you

DR. LAYLOFF: Thank you, Leon

I would Iike to open the neeting for
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di scussi on now fromthe subcomittee.
Subconmi ttee Di scussion

DR. RAJU. | think we have had three
sessions today in the norning. | think the kind of
description of the potential benefits was quite
huge, and |I think we should be all excited by that.

In the devel opnent and process and product
devel opnment session, we began to see we need to go
back in tinme and | ook at devel opment because t hat
is where the npost reward woul d be, the |ot of the
flexibilities are there in ternms of regulation. It
is clear we need to do a lot of validation

In terns of addi ng another kind of
perspective to the guidelines that want to form
how do we think about it in terns of one of our
primary goals has been risk nanagenent and risk
under standi ng in some ways, because it is clear the
return was higher if we started off way back in
time, if we did it in devel opnent because you woul d
get a lot nore inpact over a longer period of tine.

What about the risk of doing it conpared
to that reward? Early in process devel opnent, we
m ght agree that we want a better understanding of
processes, but the rest of the conpany, the CEQ

the marketing and the research would say don't be
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on the critical path, don't take a risk at that
poi nt, because it is about the 75 percent gross
margi n, not on saving on the 25 percent cost of
goods sol d.

On the other side, assumi ng that we have
to alter to | ook at PAT and manufacturing, yes,
devel opment m ght be high | everage, but we al so do
manufacturing. What is the risk there and how do
we nmanage it in the sense, and | think Ajaz had
three guidelines for those three cases, in terns of
reduci ng regul atory uncertainty.

One was good science, the second was it is
an option but not a requirenent, but the m ddle one
was We presume your current processes are okay as
val i dat ed, but when you bring in a new sensor, and
it brings up segregation issues or sonething you
haven't seen before, you have a new set of eyes.
VWhat do we do now in terns of the manufacturing?

A new sensor woul d take you froma process
capability of 2.5 to 1.5 suddenly. The definition
of process capability depends on the sensor you are
usi ng. Wsat about the consequence on the validated
processes of today? How do we manage the risk
t here?

The risk about in-process devel opnent is
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slightly different, and the risk in manufacturing
is slightly different. Wat would be our
perspective, working together, what woul d be the
FDA' s perspective?

If it's an approved process that is very
safe, efficacious, saving people's lives, it is
approved, it is within specification, but | bring
in a new sensor and | find segregation, but it is
still neeting the specifications of the past, what
should I do? Wat is ny accountability in terns of
information risk, and what is ny accountability to
the investigator who is visiting ny plant and
| ooki ng at that data?

DR. LAYLOFF: There is a couple things
there. | amgoing to just nake a few conments
You nmight gain nore informati on on the process and
bring it into better control, but the final product
change mght be inproved. | don't think the
additional data necessarily is going to tighten
down the process requirenents, because the bottom
line, is the product suitable for its intended use.

I do see a problemwhen you start talking
about sensors, because if the technology is not
mat ure and wel |l understood, then, there is an

i nherent risk about bringing it in, is it going to
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address critical issues well.

I think one of the things is going to be
is having mature technol ogy. The assessnent tools
have to be mature. If they are not mature, then,
the risks are going to be relatively high

DR. RAJU. The technol ogy is probably not
the bottl eneck. The technol ogy m ght be nmature.
The mechani cal aspects of linking it to the bl ender
may not be, but they are pretty fixable, but the
consequence of dealing with it nmay not be mature.

MR FAMULARE: | think the issue is what
wi Il happen, | think, as it was posed, if an FDA
investigator cones in to a well-established process
under the existing paradigm and now with the
addition of nmore information, finds things, whether
it be less consistency throughout the batch or
towards the end of the batch, that weren't apparent
bef ore under the old paradigm and that is the
important thing that we have to work through, why
Ajaz nentioned it even in his original presentation
here this norning, is that we are working with
compliance in the field to nake sure that we all ow
for process inprovenent to do that, inprove the
process, and not cause that to bring nore

regul atory concern or enforcenent, because now we
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know sonet hing that we didn't know before.

It is inportant to remenber the baseline,
that what is going on and passing under the current
systemis adequate for its intended use, so that we
will work in our conpliance and with the field to
make sure that our investigators are trained to see
that, to understand what that means, and as we are
nmoving froma baseline to sonething that could
bring you to a higher quality, that shouldn't be an
area for penalization, but an area for
encour agemnent .

DR. LAYLOFF: | don't think there is going
to be an issue of changing the specifications on
final product. | think the final product
specifications like USP limts, 85-115, things like
that are not going to change

So, the process delivers that.

DR. RAJU. You may or may not change your
specification. That is the result of what you are
about to learn as you go to 6 sigma. 1In the
meanti me, you have some information. You have
taken a risk. The case one that Ajaz had put
forward is fine. It is already well understood.

It is about efficiency, all sensors going to new

sensors, no problem
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The case three was about process
devel opnment, and it has a lot of merit, there are
different kinds of risks, but those are
organi zational risks, and those are tine-to-narket
benefits of those risks.

But case two is about today's processes,
and nost of what we do is today's processes. W
either have to give up on those or we nust have a
systematic way of dealing with, finding out what we
didn't know, because al nbost by definition, by
saying that we are not neasuring inportant things
and that we are 2.5 sigma tells us before we go to
6 sigma, we are going to start measuring things
that we have to explain before we have done the
anal ysis, and the understanding to be able to
expl ai n.

DR KIBBE: If I might, | think you have
raised a really interesting issue for a |ot of
different conpanies in different stages of the
process, be they ready to bring a new product on
the market or one that is already on the market
that they have decided to go back and | ook at
i mproving their own internal controls.

There are lots of opportunities for using

that information for their own benefit or to be
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puni shed by it if the Agency thinks that they
shoul d get all the data and therefore apply new
things. So, some of that bal ance has to be worked
out | think within the Agency and between the
conpani es, but there is another step that can be
put in place.

What if they put a new process contro
systemin, and they find small problens, and even
though it is not problens that are significantly
affecting the therapeutic efficacy of their
product, they go ahead and inprove their process
and tighten down their controls, and now they have
a much tighter product coming out the I|ine.

Then, they go back to the Agency and say
we would like to request a change in the
specifications on our product because we think that
tighter is better for the patient, and the Agency
does that, and they close out the four competing
generi cs.

DR. RAJU. | think tightening up the
specifications is a win-win for everybody, but in
the neantinme, they are going to challenge the
current specification--the consequences are huge
for the brand nane conpanies if they understand

their processes, but in the neantine, alnobst by
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definition, you have got to know what you are don't
under st and before you begin to get understandi ng,
and what is the consequence of that in the
meant i ne.

DR LAYLOFF: |If you focus a product,
content uniformty is really the issue, and that is
plus or minus 15 percent, so a CV of 5 percent,
that is plus or mnus 3, you get 1 per thousand
failing.

You go to plus or minus 2 percent, you get
linamllion failing. But the acceptance is
still 85 to 115, so if you nobve your process
control to CD plus or mnus 2 percent, 2.5 percent,
then, you are well within it. Your product is
going to consistently nake it.

If you start working with a 5 percent CV,
then, 1 in 1,000 is going to fail. If you get down
to a 7 percent CV, then, you are in the business of
havi ng rej ects.

DR. RAJU. That is clearly an exanple, but
if you ook, the CV there is measured with teving
[ph], for exanple, which is the convention
technology that is inherently variable. As you
| ook at your on-line sensors in that exanple, you

woul d start seeing deeper |evels of heterogeneity
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that you wouldn't be able to pick up by nmeasuring
only one thing.

You night see that you have phases of |ack
of segregation. Wen you |look at nore, you m ght
be able to see nore kinds of issues. That is one.
In dissolution, the six tables per batch m ght be
fine, but when you start | ooking at nore issues,
you might find that they are not. Wth on-line
technol ogy, some other correl ations may not worKk.

How do we manage the risks, so that
everybody wi ns on that mddle case?

DR. LAYLOFF: | think you are reducing the
risk in the long run. You are reducing the
I'i keli hood of product failing the existing linmits
by bringing better control in, because we all agree
that the current nodel is statistically unsound.

You have nonstatistical sanpling of
unknown bat ches. When you talk about it failing,
but | nmean it may fail now, and if you go to FDA
and you take another sample and run it, and it
passes, then, FDA says you are testing it into

conpliance, the batch fail ed.

DR RAJU. | think that's true. 1In the
end, | think it will be a wi n-w n.
DR LAYLOFF: | don't think the risk with
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this technol ogy change is significant conpared to
the one that we encounter with HPLC and GC, when we
start seeing all those inpurities init, or when
RI A showed differences in the bioavailability.
Those were startling changes. There was a | ot

| ayi ng under those rocks. | don't think there is
that nmuch laying under this rock, because we have
in place already the standards for the product, and
that is what the bottomline is, it's getting a
qual ity product out, and we have defined what that
product quality is.

DR. MLLER | share &K' s concerns in a
simlar way. There appears that there is a
possibility of a gray zone and how do we handl e
that. Typically, when you have new drug, a part of
the regulatory information is the system of mnethods
used to determine the test.

If we were to go to other systens of
measur enent, sensory systens, that would require
filing information, because | haven't heard a
change to that approach. So, it would seemto ne
that the current system of testing would obviously
be in place, and that there would be a period of
time where the new nodel sensors would be testing

and put to the process to evaluate the
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ef fectiveness of the system

That being said then, well, now, in this
interimperiod where it is not a filed nethodol ogy,
how do we handl e that data? That goes to nore
specifically of the reality of what exists today,
docunent ati onwi se and systemi se.

Let me just expand your concern because
that is kind of where | see that as a concern,
bridging the gap with the current methodol ogi es,
which are filed for testing to a scal ed-up process
usi ng the new sensor technol ogy, whatever it may
be.

So, how do we handl e that data that may
come to fit GKS' s circunstance?

DR. LACHVAN: During a phase you are
tal ki ng about, you are still devel oping the nethod
that you are going to use in a filing subsequently.
Ri ght now you are still using a filed nmethod as the
regul atory net hod.

Now, you are not going to file, this
met hod has to show correlation that is equal or
better than the current nethod. So, you have got
to show that, right, at sonme point in tine before
you are going to file that.

DR MLLER Yes, but if it shows
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sonmething that is a peculiar, how do I--

DR MORRIS: Do you want nme to say
somet hing since | don't have any industry tries to
worry about? Let's say for the sake of argunent
that it is passing by the conpendial nethod or by
the approved nethod, | should say, but fails by the
sensor net hod even though the product, as G K. has
said, is efficacious and neets all specs, what is
the action going to be, is that a fair paraphrase?

DR LACHWAN: But in a sense, it hasn't
been validated yet.

MR. FAMULARE: |If you are dealing with
products that are already validated under existing
met hodol ogy, that will still exist. It is suitable
for its intended use, and | think we should just
bring the discussion back to this basic validation,
which we are not wiping off the table with this
t echnol ogy.

As this technol ogy shows you things that
you were not able to illustrate before, the
regul atory authorities and industry are going to
have to learn together how to deal with this. W
are going to have to learn to deal with it as
regul atory authorities in terms of in the GwW

realm that this falls within GW, and it may be,
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as sonebody suggested earlier, changing of the

process on a nore frequent paradigmthan we are
used to as opposed to validating sonething and

letting it go for 20 years.

I think that if the sensors show you that
there is a way to i nprove your process, then, we
have an obligation as regulators to recogni ze that,
to accept that, and to work that with our reviewers
with the filing and under GWP

So, that is the strong thing that we
shoul d enphasize, that we will be able to
acconmodat e t hese changes under validation, and we
may see nore changes than we have seen in the past,
and our regulatory systens will have to accommopdate
that under this program

I think we should start thinking nore as
to how we could give a general guidance as we get
into our discussion groups as to how best to
acconmpdat e these scenarios that we are bringing up
here, | think as opposed to trying to solve each
one of these scenarios here.

DR LAYLOFF: There is a critical contro
poi nt, and you have an acceptance target for a
critical control point, and right now you are using

an assessnent technol ogy which m ght be
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inefficient, and you are tal ki ng about changing it
to a nore efficient technol ogy which will better
assess that acceptance target.

Now, the target | don't think changes,
because you do have a target at the end of the
game, there is a target, and that target is not
going to change. So, if your assessnent technol ogy
gives you a tighter bound on that assessnment point,
at that critical point, | don't see howit is going
to have any effect except inprove things.

DR. NASR | think we are here today and
tomorrow to gather information that we can use in
drafting a guidance, so | would |like to go back to
the guidance, and that is the reason we are here.

I would like to ask the question, can we
go with a general guidance that does little except
telling the industry that we will encourage you al
to utilize new technology, and it will not be
technol ogy specific, where we give you specific
informati on, what is needed in order to validate
every aspect of the methodol ogy, information |ike
we have seen now, or do you need a specific
i nstruction about each technol ogy which we are not
pl anni ng on providing you at this point, can a

general guidance |like that be useful to you, and if
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1 it is, and that is our intention, what are the

2 maj or validation criteria since this session is on
3 process and anal ytical validation, that you need us
4 to address to encourage you to start inplenenting

5 these technol ogi es?

6 DR. MORRIS: Just one point if | could.

7 think for those who have worked at full scale with
8 sensors, | don't think that the fear factor is

9 quite as large as it is for the unknown, but that
10 doesn't, to your point, | think the guidance has to
11 be not only nonspecific with respect to technol ogy,
12 but also it has to foster or pronote the use of the
13 sensors, however, so issues |like G K and Ron have
14 brought up, it nmay not be a question of whether or
15 not we could wite a guidance, but whether or not
16 the guidance stinulates the use of the technol ogy.
17 That is really the issue, because the

18 gui dance is obviously our first goal, but if it

19 doesn't stinulate the use of it, it is not of that
20 much use

21 DR. KIBBE: | think that there is two

22 extrenes that we could go to, and both of them

23 would be a mstake. One is to wite it so broad,

24 that there is no guidance, it is just an invitation

25 to subnmit sonet hing.
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Wel |, industry, where do they go, what do
| have to do to have an assurance that when | do
submit sonething, it is going to be received well,
unl ess | have got a track record, and they have
track records for other subm ssions over the |ast
30 years, they know what to do

So, unless we give them sonet hing that
they can hang their hat on, they are not comni ng
forward. |If we nake it so specific that it fits
theminto a very tight niche, then, 80 percent of
themaren't going to be there because they won't
fit the niche, and we won't get anywhere.

So, | think our struggle is to get in the
m ddl e sonmewhere, and part of it is exactly what we
have been tal ki ng about, and that is, what is the
down side for them of taking the risk, and how can
we mtigate that, and what is the unintended
i mplications.

We are not trying to punish things and
have t hings happen that we don't intend, but they
will be there. Every tine there is a regulation,
there are unintended effects of that regulation,
however benevolently we put it forward.

So, | think one of the things we need to

di scuss is what are the possible ways that that
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regul ati on could have been tw sted by sonebody,
because there will be somebody who will try, and
pervert what we intend as a good outcone.

DR SHABUSHNI G Maybe one way to break
this out is to |l ook at sone different classes of
situations and kind of thinking a little bit al ong
sone of the comrents that were made earlier

One would be in the sense alnmost a like
for like kind of substitution where you are taking
a | aboratory test and now you are goi ng to nake
essentially an equival ent neasurenent on |line, and
that may have a certain | evel of guidance
associated with it.

In that case, you mght say | have an HPLC
met hod in the laboratory, and | amgoing to take a
process chromatograph and put it on line, so | am
essentially changing the location of the test, but
the chemi stry of the test remains the sane.

The next might be a class where you
substitute a spectroscopic test for a
chromat ographic test, so there is a change in the
measurenent, but in terns of the basic information
you are still neasuring the concentration of a
particul ar speci es.

Then, | think we need to nmake sure that we
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| eave things open enough for where we think that
there is the nost opportunity, and that is whether
it be fingerprinting or sonme other kinds of

met hodol ogy that there isn't an equival ent

| aboratory test for today, that we have left the
door open for that because there isn't really nuch
of a reference point froma guidance standpoint
today to go, but we want to go ahead and at | east
have that opportunity.

There, | think we have to have at | east
more flexibility at this point in time, because
there isn't as good a reference, but rather than
lunping themall together, if we would have sone
broad classes in that regard, we mght be able to
hel p ourselves in terns of how we woul d address
those situations and provide at |east a foundation
in terms of how the Agency would | ook at that and
how as a company, we woul d approach those kinds of
situations.

DR LAYLOFF: | think the transition is
movi ng away from focusing on the active
pharmaceutical ingredient as a unique anal yte
t hrough the whol e process stream the marker
through the process stream to where you have the

anal ysis and inpurities assessnent at the front
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end, and then you nove to consistency assessnent
technol ogi es downstream so it is a change in focus
on the blend rather than the active pharnmaceutica
ingredient as a single data streamthrough the
process.

I have difficulty thinking that there is a
big risk in shifting fromnonitoring a single
vari abl e through the process stream which is
active pharmaceutical ingredient, to | ooking at
uniformty, a consistency of the process stream
but that is what we are nostly tal king about. The
sensors are | ooking at consistency of the process
streamrather than the single variable, so you are
| ooking at it froma univariate part, you are
| ooki ng at a pol yvari ate point.

But if you are not changi ng the acceptance

range or the univariate conponent by shifting to

the consi stency assessnments, | don't think there is
a risk.

DR. SHABUSHNIG | think the only question
here, though it is still the unknown in a sense if

you are not actually neasuring the sane active
ingredient, and | agree entirely with what you are
saying in ternms of where we are |ooking to go, that

the range that you set before may not nean anything
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1 anynore, in other words, that range is no |onger an

2 appropri ate neasure because you are measuring
3 somet hing entire different.

4 You are still focusing on the sane

5 ultimate endpoint, but you may have to establish a
6 new i nterpretation of what that range should be,
7 and | think the risk is in the unknown of that at

8 this point in tine, because you don't have enough

9 hi st ory.

10 In general, | think all of us as we have
11 | ooked at these technol ogi es recogni ze that there
12 is a period of tine where you are probably going to

13 end up running both of these in parallel to devel op
14 that baseline, to have that confidence that where
15 you are going is going to be acceptable, and that

16 is probably the belt and suspenders approach that

17 nmost of us would reconmend taking at this point

18 time, but | think without that, there is that risk

19 of the unknown, that you will have insufficient

20 data at this point intime to set an appropriate

21 new speci fication because it is really a new

22 vari abl e that you are neasuring

23 DR. DEAN. Tom surely, sone of the things
24  we have been tal king about here, |ooking for the

25 gui dances and naking it workable, it does have to
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get back to what is good science.

Now, regardl ess of what the new
measur enent technol ogies are, the critical quality
attributes of the products will remain the sane.
We are just tal king about how we are going to
measure them

So, surely, as we start fingerprinting
sonme of these processes and begin to understand,
what we are really tal king about is using new
technol ogi es to give access to new process
vari abl es, new things that we can neasure, that
will be accurate reflectors of the state of a
critical quality attribute in an on-line
envi ronnent .

Surely, the guidance we are |ooking for is
sonet hi ng about how we achi eve that |inkage, and
surely the validation issues that are around that
are related to how we can denmponstrate that we can
mai ntain control of those paraneters within the
stated upper and lower linits.

| feel fairly confident that we can get
sonme kind of a sensible guidance on this by getting
back to the basics of what we are trying to
acconplish here, and | can't inmagine that we need

to have scenarios that apply to a | arge nunber of
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different scenarios that really would be quite
difficult to anticipate and adequately cover
DR. LAYLOFF: That is nmoving into what is

possi bl e rather than what is probable.

DR MORRI'S: | nmay be nisunderstanding
this a little. | think | basically agree w th what
you are saying, but | guess--1 have to reduce

everything to an exanple--but if |I amlooking at
blend uniformty and | can't renmenber if it was
Steve tal king about you are looking at a unit dose
size sanmple, but let's say for the sake of argunent
that ny sensor doesn't look at a unit dose, and it
is very | ow dose, and sonetines | have vol unes that
have no active in it at all, sony CVis really
very hi gh.

But, in fact, the product is fine because
when | discharge it, each unit dose does have the
proper amount, and | know t hat because | have
correlated the two as you suggest, and as Tom has
al ways suggested as backing into the validation,
think the only thing we have to nmake sure of in the
gui dance is that there is recognition of the fact
that that sort of reconciliation will have to be
all owable, | can't remenber who was saying it down

at the other end, but that the regulatory burden is
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to recogni ze those sort of reconciliations are part
and parcel of the guidance

DR. RAJU. | agree with Ken. | think
there is a large fraction of cases where you are
going to be fine anong those two case scenarios
where you are going to be fine. One sone of these
m ddl e case scenarios, you mght choose not to even
touch them say we choose not to touch it, that is
how we manage the new t echnol ogy.

We choose the classes of where we apply it
and what kinds of products we apply, and we nay or
may not aimto do it, but if we do, there is a way
to do it in a structured way based on the kinds of
products and the cases, and probably the nobst
important, we heard that they are going to work
together with the FDA, and the FDA says yeah, we
know that you are going to go through that phase,
and we know that we are going to be conscious about
it, so we are going to win when we ultimtely cone
at the end.

Sonewhere in the use or in the guideline
maybe, naybe not, but outside in the use of the
gui del i ne, we have some structure to follow up on
that case or those classes of cases.

DR. DEAN. | think we need to separate
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what makes busi ness sense fromthe guidance that
defines how we woul d execute agai nst a scenario
where it does make business sense to do this, and
don't think we want to get those things m xed up

DR RAJU. But if it's the business sense
that is preventing us from going forward--

DR DEAN. That's a business decision. |
mean that's too bad.

DR. RAJU. But then the guidelines, we got
the nost benefit if they help us address the
reasons for the technol ogi es incorporation.

DR SEVICK-MJRACA: | think it is going to
cost noney. The new technology is going to cost
money so it is going to cost sonebody sonme noney.

If you are going to invest nmoney, you want to make
certain that you lower the risk. You need to be
certain that your investnent is going to | ower your
risk. You are going to make good investnments. So,
we are doing this new technology on line. There is
going to have to be sone assuned risk. Wth profit
mar gi ns--and, Don, using your case, people are not
going to necessarily want to take that risk. If we
are going to try to encourage new technol ogi es,
somehow we have to have maybe a probational period

that we took these new technol ogi es-- when we are
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| ooki ng at these new technol ogi es, maybe there is a
probational period where--1 amtrying to think of
ways that there is no reporting to the FDA, get it
out of the regulatory area

kay; | aman academician. | amtrying to
m nimze the risk because soneone is going to be
maki ng i nvestnments. W are not going to get rid of
all risk, but I amtrying to mnimze that risk
and is there a period of tine where there is sort
of a probationary period for trying out new
t echnol ogi es.

This is where the pharnmaceutical industry
is different than the other industries. Wen you
put a new sensor on titanium dioxide plant, for
exanpl e, you are going to have a period of tinme
where you can take the data and you are not going
to do anything with it. You are going to just | ook
at it and assess it.

But if this data is available on a
pharmaceuti cal process, then, that data is there
for the regulatory inspection, so we need to find
some way that we can encourage process
t echnol ogi es.

DR. LAYLOFF: Don't ask, don't tell

that's what the story is, right? They run
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parallel. They run parallel processes until you
have a high level of confidence that you can make
an effective transition wi thout blow ng the place
out of the water. That is what they are doing.

Now, | think that there is sone parts of
the sensor technol ogy. The sensor technol ogies, |
think will bring a lot to cost reduction in terns
of dwell and lost wasted time. |If you go in-line
i nstead of sampling and testing, you inprove your
flow of material through and you reduce your
i nventory, and you have actually nore accurate
assessnents because if you go to thieves and you go
to analysis, you are stuck with a nmuch hi gher
variance than if you go with on-line assessments.

DR. DEAN. Once again, | think we need to
be careful about m xing up the business issues with
the technol ogy issues, and | think the best thing
we can do to encourage the adoption of this is to
have sinple and rel atively straightforward
gui delines on howit is going to be used, and we
shoul d not confuse trying to precreate some
busi ness cases that will allow conpanies to take
those decisions. They will do it thensel ves.

DR. MORRIS: | don't think that was really

the point of that discussion. | understand what
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you are saying, and | agree, but | don't think that
was the point of G K and Ron's discussion either

I think the key is that if we would wite
the guideline so that it is clear, that the burden
of the responsibility is always on industry to nake
sure that everything is done with proper scientific
care and i npl enented properly, and on the
regul atory side to accept reconciliation whether it
be couched in the probationary period or whether it
is just as you are doing it parallel, it is fine,
and then the conpanies ultimately have to feel free
to nake the choice obviously, and it's best left in
their hands, but they have to be assured at sone
| evel that they regulatory side is open to the
concept, and | think by virtue of the fact that we
are here, and the genesis of many of these ideas,
think that is true

We just have to nake sure it is reflected
in the guidance and then, as you say, not address
the business directly.

DR. DEAN. We could agree to agree here.

DR. MORRI'S: Absolutely.

MR FAMULARE: | think it is inmportant to
recognize, as | said earlier, and as Ajaz said in

his slides, we are not wi ping off what exists now,
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1 so if a product neets today's paradigm it is good

2 for its intended use, so in terms of a specia
3 period, you know, that period will always exi st

4 terns of the current process, but as this new

5 technol ogy shows chances to inprove the product,

6 i nprove the process, we are hoping to encourage

7 industry to go in that direction, and at the sane
8 time recogni ze where process inprovenents can be

9 made, because the whole idea of the win-win, as we

10 have been tal ki ng about is that yes, there wll

11 a better quality product, we hope, to the consuner.

12 We are not mitigating that the product

13 today isn't good, and at the sane tinme, we are

14 hopi ng that any conpany that potentially |ooks at

15 this, will see the Iong-term econom es and going to

16 this type of operation after the upfront

17 i nvestnent, and reducing the rejects, recalls,

18 cetera, all again the basic tenets that were

19 brought up by Ajaz first thing this norning.

20 DR. SHABUSHNIG Isn't it fair to say
21 that--1 nean we are looking at a fairly sinple

22 ri sk-benefit ratio here, and how do we i nprove

23 that, well, you could inprove it on the risk side

24 or on the benefit side. | nean there is two pieces

25 to work on.
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I think we have all said in terms of
benefit, there is a broad range of benefits froma
Wi n-wi n standpoint, fromthe standpoint of the
regul ators, fromthe standpoint of the
manuf acturers, both focusing on product quality,
that there is a potential product quality
i nprovenent there, as well as cost benefits that
woul d go with that.

On the risk side, | think what we are
tal ki ng about, whether it's real or perceived,
there is a regulatory risk and there is a
technol ogi cal risk, and within the scope of what we
are trying to acconplish here, | think we are
trying to manage the regulatory risk part of that
equat i on.

I nmean the technological risk isn't going
to be solved necessarily by this guidance. It is
going to be solved by the additional devel oprment
work that is done by the manufacturers, by the
equi prent bui l ders, by the academ cians, et cetera,
but within this forum we have the opportunity to,
in that whole equation, reduce the regulatory risk
or at |east nmanage that regulatory risk, and
therefore inprove the overall risk-benefit ratio.

So, | think that is our opportunity at
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least as | see it in the next couple of days and
when we conpl ete our task as a subcomitt ee.

DR. LAYLOFF: On that note, regulatory is
the issue. That is why we are here, and we are
going to take a break now, and we will reconvene in
20 minutes, and we will bring regulatory back into
the picture.

[ Break. ]

DR. LAYLOFF: Jerry Workman is ready to
go.

Session |V: Chenonetrics
Perspective 1
Jerry Workman, Jr., Ph.D., Kinberly dark

DR WORKMAN: My talk this afternoon is
really about an overview of what chenonetrics is
and a phil osophy of how chenonetrics, as an
energi ng technol ogy, faces difficulties in
i mpl ementation, and so it's a phil osophi cal
di scussion. At the end of this point, | would like
to make a recomendati on based on what the food and
petrochem cal industry in sone sense did to
i mpl ement chenonetrics.

[Slide.]

The first thing we really have to deal

with here is that no matter how | ogi cal and el egant
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this all | ooks on paper, it has really got to work,
so let's keep that in mnd as we go along here with
this phil osophical argument is all of these things
have to work, and in order to know that they work,
there has to be an experience base there, there has
to be people with good experience and theoretica
background, enabl ed and cooperating in order to put
together the right kind of guidelines.

[Slide.]

Let's |l ook at a few chenonetric
definitions to get started here because there have
been several. The first one just is unsatisfying.
"Chenonetrics is what chenonetricians do." So, we
have to go a little farther than that, and just go
into, "The application of mathematical and
statistical nmethods to chem cal neasurenments.”

"Mat hemati cal and statistical nethods for
the obtention in the optimal way of rel evant
informati on on nmaterial systens.

"Means to convert raw data into
i nformation, information into know edge, and
finally, know edge into intelligence."

"It's a techni que using mathemati cs and
statistics to yield maxi mum i nformation."

"It's statistical and mat hemati cal net hods
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applied in chemstry to application of statistics
and mat hematical methods, as well as those nethods
based on mathematical logic to chemstry."

"Application of mathematics and statistics
to one inproved chenical mneasurenent processes to
extract nore useful information from chem cal and
physi cal neasurenent data."

"Measurenents related to the chenical
composition of a substance are taken and the val ue
of property of interest is inferred fromthemin
sone mat hematical relation.”

We have tal ked about all of these at sone
point during the day today. It is also defined as,
"A chem cal discipline that uses mat hemati cal and
statistical nmethods to design or select optimnal
measur enent procedures and experinents, to provide
maxi mum cheni cal information by anal yzi ng chenica
data."

According to Kowal ski recently it's, "The
di scovery of the devel opnment of new and
sophi sticated anal ytical nethods for use in line as
an integral part of automated chem cal processes."”

Some have said that, "Process analytica
chem stry is 90 percent hardware and 10 percent

chenmonetrics, but, of course, to an engineer, that

file:///C|/WP51/WPFILES/0225PAT1.TXT (232 of 309) [3/28/02 10:31:34 AM]

232



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

means you don't need the chenonetrics all, and that
is not what we are tal ki ng about here.

So, what do we have here overall through
this definition? W have a process, we nake sone
measur enents, we collect data, and we use
chemonetrics to anal yze the data to get
information. So, we are really focusing on
informati on content from data

The sensors and sensor technol ogy can give
us good data, but the information comes fromthe
chemonmetrics. W review the information and attain
some real know edge. The real know edge cones in
the process control issues. The sensor guys and
gal s and the chenonetricians can give good dat a,
good information, but what is the value of that
information? That really is integral with the
process group, and it has often been a separate
i ssue.

We were just talking briefly before this.
In order to inplenment some of these things, you
need to be a chanpi on of the technol ogy, know how
to do the technol ogy, mgrate through the m ne
field of your organization, actually inplement and
pull it off, and if you can do that, you will be a

Success.
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W thout any one of those, the thing bl ows
up. So, it is not easy to get these things done in
a practical sense. The advantages of chemonetrics,
it gives you speed and real-tinme information

It can be really high-quality infornmation
if it is done properly. You get clear information
resolution. That can be fromfirst order, which we
have been tal ki ng about, |ike spectra, second
order, a tinme domain spectra, third order, it could
be like 2-D nethods over tinme, and even higher
order data potentially, so you get amazing
resolution information if you want that.

You can al so use chenonetrics to clone
sensors, so they look just |ike another sensor
So, it has a lot of pronise.

Provi des di agnostic capability, so that
you can nonitor the sensor, and the biggest
question that comes up is, is it the sensor or is
it the process that is out of specification. You
need to know that instantaneously. So, the
di agnostics have to be there, and there are good
reci pes for diagnostic in chenonetrics.

It can inprove neasurenent quality,

i mprove know edge, and it really does involve | ow

capital requirenments because math i s cheaper than
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physi cs.

[Slide.]

So, in the case studies, we have safer
pl ant and process operations, assurance that the
process is in conpliance, an increase in process
pl ant operability. These are all the things that
you read in the journal articles.

[Slide.]

I mproved product quality, mnimzation of
waste, cost minimzation, optinzation of
production capacity. These are all possible, and
these have been done in various industries.

[Slide.]

El i mi nati on of possibly the greatest
chal l enge to 100 percent conpliance in that
sanpling. You can sanpl e whenever and as often as
needed, and you have that real-tine feedback for
| earni ng and control

[Slide.]

What is the di sadvantage of chenonetrics?
Anyone with a conputer can generate the sol utions.
There is plenty of roomfor msinterpretation, and
chenmonetrics requires a change in one's approach to
probl em solving froma univariate thinking to

mul tivari at e thinking.
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[Slide.]
Requires a "paradi ne" and, for sone, even

a "paraquarter," very |arge change, in
under st andi ng that nost of the processes we | ook at
are nultivariate, not univariate, and so you have
got all the data, you have got the information
what do you do with it? That is very difficult.

Most best practices still need to be
coll ected and codified and to use full standards.
There is an anmazi ng anmount of information and
expertise in this room however, getting all of
that together and putting that in documentation or
code or sensor devel opnent is an extrenely
difficult part of this.

[Slide.]

Here is the old versus the scientific
met hod. A new nethod requires not a thought
ritual, but rather a method invol ving many
i nexpensi ve neasurenents, possibly a few
simul ati ons, and chenonetric anal ysi s.

The new et hod | ooks at all the data from
a nmultivariate approach. The old nethod requires a
scientist assune powers of observation froma
uni vari ate standpoint to be the key data processor.

[Slide.]
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And so the old nethod is stating the
problem form ng the hypothesis, observing and
experinenting, interpreting data, traditionally
univariate. |It's the ponder and grinace stage
where you do that often enough, the idea conmes out
i ke the golden egg, and then draw ng overly
sinmplistic conclusions related to conpl ex
processes, and then you assune the process is in
control

[Slide.]

The new scientific nethod for problem
sol ving involving chermonetrics would be to neasure
the process, analyze the data, iterate, create and
test and verify the nodel, and look at this froma
more mul tivari ate understandi ng approach, make

sufficient controls to verify the process is in

control. The good science exists to do these kinds

of things.

Now, if you get good data and good

i nformati on again, what you are going to do with it

i s another problemall together.

[Slide.]

So, to just keep going, one designed
experinent is worth a thousand educat ed opi ni ons,

and real -tine information gives you the rea
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1 experinment, the design experinent.

2 [Slide.]

3 So, the information content of a thousand

4 well neasured results, how does that stand up to a

5 presunmed process nodel with a few sel ected
6 measur enent s?

7 I know in petrochem cals and foods and

8 sonme other areas, it doesn't stand up. It is the

9 presunmed process nodel doesn't stand up very well

10 [Slide.]

11 There is a reluctance to change, however.

12 There is not very many standard nethods invol ving

13 chenonetrics and sensors. There is the ASTM E1655,

14 AOAC Oficial Methods of Analysis, and a coupl e of

15 other things in the food and agricultural arena.
16 [Slide.]

17 There are sonme things going on in the

18 pharmaceutical industry. Sone of you are invol ved

19 in those, Guideline for Devel opnent and Validation

20 of Near Infrared Spectronetric nethods,

21 Spectroscopi ¢ Methods, Note for Cui dance on the Use

22 of NIRS by the Pharnmaceutical Industry.
23 [Slide.]

24 Here is the typical process chenonetrics

25 project. Process decisions are in the donmain of
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the chem cal engineer, plant nanager, and quality
group. Their process decisions are based upon
their process nodeling and understandi ng.

Deci sions are nade in the plant through various
engi neering groups. The decisions are nade based
upon past experience and current academ c training.

The reason that changes are sl ow and that
nmost resi st the changes invol ving chenonetric-based
sensors is due to resource deficiencies in tine,
talent, attention, notivation, and econonic
incentive, and it is not generally there in the
under st andi ng of those that control the processes
t hensel ves, the process engineers.

[Slide.]

The process engi neer and manuf act uring
personnel require notivators, so we need
recognition for acconplishnment, denonstrated
process inprovenent, no risk, convenience,
econom cal choices. This was discussed a | ot
earlier. The risk-to-reward ratio nmust be near
zero.

The conpany has a separate |ist of
requi renents, inproved process perfornmance,

i ncreased profits, maintenance or inprovenents in

quality, conveni ence, econom cs, and |ow ri sk,
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thus, the ratio of the rewards to risk plus the
cost ratio is a very large nunber. It has to be
very large. These are difficult conditions to
find.

[Slide.]

Chenonetrics supplies a perfect fit by
providing the expertise and tine and talent into
the resource equation, mninizes cost and data
anal ysis techniques. It requires some sensor and
conputer tine, and denonstrates a potential benefit
i n under st andi ng.

The risk is mnimzed due to the fl ow of
real-tinme information, at least it can be, but the
risk that was tal ked about before is finding out
your ol d processes aren't worth anything. That is
a bigrisk. So, there is risk in that way, but if
you are starting fromscratch, now you know a | ot
about what your process is. At |east you have the
i nformation.

[Slide.]

You have to neet certain requirenents to
make chenmonetric sensors work. You have to test
your underlying assunptions, things like this,
prepare multiple alternatives. You commit to

i npl ementing the technol ogy for not one particul ar
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application of the technology. You |ook for

mul tiple technologies, nultiple uses, and here is a
thing that doesn't happen very often, you avoid
overl oad of the staff.

You know, two substantial projects is
enough, but you can't chenonetrics onto someone's
current |oad, because it is very user-intensive.

[Slide.]

Is there an internal custoner market for
the technol ogy? Can we deliver the technol ogy
reliably and cost effectively? Can we take snall
exploratory forays into | ess chall enging
opportunities, and how do we continually codify and
diffuse the information that exists out there
somewhere into an applied method in our own plant?

[Slide.]

Here are sone examples of things you could
do. You have to look at the attributes, industrial
chenmonetrics attribute map, sonething like this.
You have to neet all the basic requirenents for
your sensor and anal ytical techniques. Sone are
non- negoti able, quality, efficacy, you know,
conformty, and all the conpliance issues.

A discrimnator or differentiator may be

sonething that is alittle bit attractive. For
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exanpl e, you can reduce cost of production or
reduce time during production.

A real exciter mght be reducing the costs
by 20 percent and reducing the anmount of tine it
takes to produce the product by 50 percent, but
taking a | ook at why and when woul d you apply these
t echni ques.

[Slide.]

Here is another way to look at it. Al ong
the absci ssa, you have the technical risk, |ow,
medi um or high, and on the ordinate, |ow, nmedium
hi gh cost of project. So, you can rate these
things nunerically.

[Slide.]

Then, you can apply a nunerical map |ike
this onto another nunerical map, which is the cost
versus risk score versus the value to the
corporation or the value to inplenment, and you may
only want to work in specific areas here where
there is a low technical risk and maybe a little
bit of high comercial risk to your organization.
These are just exanples. You can set these things
up in any way and neke scoring and ranking systens
on where to go with this.

[Slide.]
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The new val ue rules in technol ogy.

Really, if we | ook at where things are going, the
information age is substituting information for
energy to produce know edge-i ntensive goods.
Pentium chip requires | ess energy than a cl ock, but
has a lot greater information. W are going nore
and nore to information, how to deal with

i nformati on.

This is just the way the world is going.

[Slide.]

Here are some problenms with going forward
wi th new technol ogy. New technol ogies are usually
inferior to present state of the art because there
is not as nmany experts around, and you don't really
fully understand the entire nature of the new
technol ogy, so there has to be a |l earning curve

al l owed on this.

Today' s technol ogy | eaders disnmiss the new

technol ogy because they are not familiar with it,
so it is automatically, they are hesitant to use
it.

New t echnol ogy noves forward very rapidly
after sonme initial takeoff. It canif it's
facilitated. Success creates the seeds of

conpl acency due to arrogance. People have been
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successful in the past, they are not liable to
change or want to change

Ri ght here we are tal king about sone of
the psychol ogical or issues related to hesitancy to
move towards change. The conpetency traps itself
in the status quo, and to survive, the conpetent
must seek to replace thensel ves with new
conpetencies. |In other words, there is a | ot of
inertia, what is going to be the driver that pushes
chemonetric sensors, and there has to be rea
significant drivers.

[Slide.]

A d technol ogy insists on inproved
execution of the wwong thing, not an enphasis on
doing the right thing. Making slide rules better
and better out of titanium and having one nore
deci mal place with a better whol e grain |eather
hol der didn't really do anything. The whole idea
was going into the conputer age in a digital
t echnol ogy.

The technology is there to nake the
sensors, to validate and verify the sensors. It is
there to do good chenonetrics and provide
i nformati on, what are people going to do with it,

and why do they want it.

file:///C|/WP51/WPFILES/0225PAT1.TXT (244 of 309) [3/28/02 10:31:35 AM]

244



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

[Slide.]

St ages of change. First, denial,
resi stance, negotiation, and acceptance.

[Slide.]

There needs to be a real enpathy, and this
comrittee is a great step in that direction towards
hel ping those that want to push new technol ogy for
the benefit of the conpany and for the benefit of
their custoners, for the benefit of technol ogy.
There needs to be chanpions out there pulling this,
and there needs to be involvenent of those that
know.

In an ASTM conmi ttee, which | have been
part of, it is very difficult to get the people
i nvol ved that have the know edge base, what's in it
for them

[Slide.]

In | eading the changes, we first need to
gather fast, cheap information and corrective
problenms. W need to get lots of information, not
data, which gives us the potential |earning for
success, and really, the size of our information
pile is going to indicate the | earning potenti al
for information for future successes. Yet, | have

seen over and over in certain industries where both
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the sensor and the chenonetric technol ogy provides
the information, yet, there is no pull for the
i nformati on.

Again, to expose processes in other
i ndustries, and | haven't had nuch experience in
phar maceutical industry, to expose that there is
process problens is not a popul ar stance for sensor
peopl e in corporations or analytical people. You
al most have to start new because dealing with the
old issues is very difficult.

[Slide.]

VWhat was required in the petrochemni ca
i ndustry to put together a docunment? Well, sone
will argue with this, but really, for a specific
docunent, because there were so many al gorithms out
there, and so many approaches, and so nmany software
codes, and so nmany opinions, is that gathering this
together allowed a group to standardize the
al gorithm codes for calibration, also, to produce
standard sanmpl es for instrument nonitoring,
calibration transfer, to produce standard outlier
detection nethods, and standard anal yzer
functionality tests, and standard calibration and
val i dation protocols based on sound principles of

experinmental design.
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1 These things are all codified into a
2 docunent .

3 [Slide.]

4 To gather the expertise to wite usefu

5 consensus standards with periodic revision was the

6 only solution in a petrochem cal industry.

7 [Slide.]

8 Note that standard methods will | ag
9 somewhat behi nd new technol ogi es until the

10 experience base is gathered.

11 [Slide.]

12 Here is an exanple, E1655-00. |It's 2000.
13 It's an ASTM docunent. It was peer reviewed by

14  approximately 100 skilled in the art. It includes

15 aspects of scope and use descriptions, instrunent

16 requirenents, calibration mathematics, statistics,

17 pre- and post-processing.

18 Qutlier statistics, calibration and

19 val i dation protocols, troubleshooting guidelines,

20 quality statistics, protocols for updating nodels,

21 term nol ogy, and a questionnaire to check

22 conpliance with the Standard, because when the

23 Standard first cane out, everybody say yeah, we are
24 using it, so it had to say wait a mnute, you have

25 to answer all these questions in order for you to
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be able to say you were in conpliance with this
St andar d.

So, it was a substantial amount of work,
and this covered MLR-PLS-1 and PCR and the use for
near infrared and infrared continuous process, but
it's alot of work.

Thank you.

DR LAYLOFF: Thank you, Jerry.

Qur next presentation is by Dm ght WAl ker.

Per spective 2

Dwi ght S. Wal ker, Ph.D., G axoSnithKline

DR. WALKER: Agai n, the previous speaker,
if you have already | ooked through sonme of ny
slides, has answered sonme of the questions | pose,
but what | would like to bring is alittle bit nore
attention to where we see sonme of these issues in
t he pharnmaceutical industry.

[Slide.]

Sort of picking up, where are we starting
fron? Fortunately, we are not starting from
scratch. As you can ny ASTM | need to get a new
copy of it because we are up to 00, | have
E1655-97, and as the previous speaker inferred, it
is the Standard Practice for Infrared,

Multivariate, Quantitative Analysis.
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There is also the USP Chapter on the use
of near infrared, which is schedul ed for the Second
Suppl erent hopeful ly, and the issue date now I
believe is June 2002, and for those who are
famliar with the process, this has been a really,
really long and dragged-out issuance of this
docunent. This has been kicked around for quite a

nunber of years.

[Slide.]
I like this quote. | picked this up from
an ol der Science article. "Wen provided with

identical information, statistical procedures

achi eve greater enpirical accuracy than do
professionals. This remains true when one provides
professionals with informati on not available to the
statistical procedures."”

This has nothing to do with the
pharmaceutical industry. This actually comes from
the nedical field where they actually | ooked at
clinical versus actual procedures, and they found
that using a rigorous mat hemati cal nodel al ways
gave a better answer than the practice clinician.

I guess we should all believe what our doctors tel
us, but there is roomand there is sort of a

growi ng--1 nean chenonetrics and pharnmaceutical s
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al ways | agged everything else it seens. It |ags
petrochenical quite substantially actually.

[Slide.]

First things. Fortunately, the previous
speaker really answered this one. W do need a
clear definition of what chemonetrics enconpasses.
Jerry went through this. Does MR constitute
chemonetrics? According to the ASTM Standard, it
does.

Also, is this strictly for higher order
techni ques, such as PLS and PCR? This is really
i mportant because if you go out and talk to an
organic chem st or talk to an engineer in a plant,
they can usually grasp linear regression. You can
al most draw MLR on the board, but, boy, you get to
PLS and PCR, and just watch the room gl aze over

We have presented this to a nunber of
groups, and it is really, really difficult. Are we
approaching this as a date independent study? Do
we need to consider the source of the data al so?

[Slide.]

There is a nunber of general classes of
chemonetrics nmethods. There is an on-line
determ nati on of conposition. | have gone through

the slides | mssed this norning. There has been
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quite a bit of talk about that specifically around
the near infrared.

One other thing | would like to throw out
there is perhaps using pattern recognition and
classification techniques. | don't believe anybody
has spoken about that yet, where it is less of a
hard nodel i ng approach, and nultivariate
statistical process control, which is what | think

everyone here is used to.

[Slide.]
Again, ny ASTM Standard. | guess | need
to get a new version of it. |It's the '97 rel ease,

but it does arise fromthe petrochem cal industry,
and again, they are well ahead of us, but they are
somewhat different than us, too. | mean you talk
to the people fromBP, and they have sonethi ng
call ed Cctane G veaway.

They woul d rather give you 94 octane gas
than 93, but, boy, in the pharnmaceutical industry,
if we gave a little extra in that pill, boy, it can
make sone people really unhappy--well, maybe it
will make themreally happy, it depends what the
medi cine is.

This specifically addresses issues around

infrared, although it does nmention near infrared,
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and | guess from what the previous speaker was
sayi ng, maybe it has been updated to nore reflect
near infrared also. | don't know, | have not

| ooked at the new rel ease of it. Maybe you can
speak to that, | don't know.

It does define the term"multivariate
mat hemat i cal techni ques"” to be all-inclusive.

Again, this slide may be out of date. | have not
seen a 00 release of this.

It also defines many of the terns that we
have been referencing, and peopl e have sort of
throm up different chenmonetric terms. It is a
good docunent as a basic starting point.

[Slide.]

Agai n, what separates the ASTM docunent
fromthe needs of the pharma industry? | have a
typo there. It should be, "ASTM docunent descri bes
the met hods for processes that run continuously."

Typi cal |y, pharmaceutical conpanies run in
batch node. That is probably not a revelation to
anybody in this room but we don't usually have the
huge vol une, and we are nore of a high dollar/low
vol ume as opposed to petrochenical, which is high
vol ume/ | ow dol lar. Again, we don't have the nunber

of batches to neet the requirenents.
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That is sonething that we need to look in
the validation of processes, too, is do we
have- - and sonebody threw out the nunber or they
said they used three, | believe it was one of the
earlier speakers used three batches to validate a
process. | don't know if that would be considered
enough.

[Slide.]

VWhat separates again. A |large sanple set
is required to span between 3 to 5 standard
deviations of all constituents. That is a pretty
rigorous, if we were going to | ook at
pharmaceutical formulation, there could be 5 to 20
things actually in a tablet. Do we need to have a
| arge sanmple set for everything? Does it have to
be all-inclusive, or can we just be looking at the
active ingredient? Again, that has been tossed
around a little bit today, too.

Agai n, generating these out-of-spec
samples is difficult--this conmes out of
val i dation--as they should be prepared using the
same equi pnment as used in the process. For a
phar maceuti cal conpany, that represents big
dollars. You tal k about going to a production

facility and running an out-of-spec batch, and,
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boy, you will get sone really funny | ooks fromthe
operators. One had nothing to do with that

Then, again, if Process Analytica
Technol ogy to be used upon product | aunch, the
anount of active ingredient required nay exceed
what is actually existing. Again, the return on
investment. Again, new pharnaceutical entities,
chemical entities are usually really expensive when
they come out, but they are just at that point
going fromthe kilo |l ab to production, so to say
you want enough nmaterial to actually ruin it to do
this technol ogy, again, there is the return on
i nvestment question that has been sort of thrown
around, batted around quite a bit today.

[Slide.]

I think it was also referred to as USP
Chapter on Near-infrared Spectrophotonetry.

It is again in the process of revision for
a |l arge nunber of years. It defines terns for both
reflectance and transnittance. |t does define the
PQ 1 Q frequency, which is just the instrunent
qualification and the performance qualification
It does rely on the Wavel ength Standard, the SRM
1920 for reflectance only, so there is actually a

gap there. There is no transmittance standards
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right, and | amnot sure if anybody here fromthe
NI ST wants to speak to that or not.

Again, it only refers to MSC. MsC is
mul tiplicative scatter correction. There is no
mention of chenonetric techniques for data
anal ysis. So, again, it begins to broach the
subject, but it doesn't go too deeply into it.

[Slide.]

So, what technol ogi es have been or may be

used for Process Anal ytical Technol ogies? As you
have seen today, nost of this is around
spectroscopi ¢ nethods. There may be sonme payback
to taking a chronmatographic nmethod and putting it
on-line. Well, it's not really on-line, it's
out-line. There is a big focus on spectroscopy.
Again, it offers the advantage of bringing the
measur enent systemto the sanple, which is where
the real value we believe is.

I don't think anyone has spoken about

UW/vis today. It is sort of the forgotten child of

spectroscopy, but we actually use it fairly

wi despread. It is a well understood technol ogy.
There is a USP guidance for it, but the spectra
tend to be highly overl apped due to the broad

nature of the absorbance, so you have | ow
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specificity.

W/vis will rely heavily on chenometrics,
and it does. W actually have rel ease nmethods for
sonme of our products, our two conponent products,
where we do a chenmonetric analysis to rel ease the
product for a multi-conmponent tablet.

Commer ci al and val i dat abl e
har dwar e/ sof tware are available. This is the old
technol ogy. The vendors have been doing this for a
long tine. They are very famliar with what needs
to be in place, and Zymark and HP are nore than
happy to help you with that process.

[Slide.]

Infrared. Again, it is well understood.
Spectra have a very high specificity. It is
difficult making truly on-1line neasurenents. That
is just the physical nature of the equipnent, the
har dwar e

Commerci al hardware is available, but the
software is not witten to be validated. That is
somet hing again the validation group needs to
westle with, and industry, the instrunent vendors
al so need to be aware of it. At |east what | have
seen for the process, infrared software, it is

probably not validatabl e.
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Then, there is Ranman spectroscopy, it has
al so been nentioned today. It's not well
under st ood by manufacturing groups. Raman has been
around for a long time, but only recently has cone
into the comercial forefront. There are safety
concerns al though some people claimthey can get
around them You are basically using a |laser to
make the nmeasurement. You know, there is ignition
source, so there is whole other area of safety you
have to e aware of.

The spectra have high specificity, so it
is again like infrared. Commercial hardware
avai l abl e, but again the software is not witten to
be validated. This is something, | amnot sure if
the pharnmaceutical industry needs to take on
t hensel ves, or whether we can push sone of this
back onto the instrument industry.

[Slide.]

Near infrared. That is sort of like the
wor khor se of where PAT stands, | believe right now.
It is well understood technol ogy, USP gui dance
hopeful |y soon. The spectra are overl apped, not as
badly as the W/vis. The near infrared, no
question, will rely on chenmonmetrics. Commercial and

val i dat abl e hardwar e/ software are avail able, and
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there are a nunber of vendors that do provide
val i dati on docunmentation, and they provide it in
| arge, |arge binders.

Unfortunately, this is something we stil
hit, and | don't know if anyone has hit on this yet
today, is the technol ogy was over-sold in the
eighties, and we still have this problemgoing to
manuf acturing sites, do you want to bring near
infrared, they will point to an old brown elube in
the corner and say, well, here, use that. That is
a problemfor us

[Slide.]

So, what steps do we need to take to
ensure success? | think the previous speaker
really hit on that. It has al so been nenti oned
before. First and forenost, we must ensure that we
are doi ng good science. W saw this in one of the
exanpl es where she did eventually get the
technology in place, but we went, we did the
installation, and we went away, and they devel oped
a model for two conponents that had like 16
factors. OCh, we are getting, geez, 100 percent
fit, it is great. Well, is truly good science?

Pr obabl y not.

This will require that any that any
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candi date process for Process Anal ytica
Technol ogi es/ chenonetrics be well understood, and
this gets back to the expert. You have to have
sonme chanpi on, sone | ocal chanpi on expert.

This, in turn, will require a rigorous
calibration effort with real process sanples and
generation of data fromreferee nethods. So, yes,
you are going to have to nmake the on-1line
measur enents, and sonebody actually alluded to this
before. You may have these two processes goi ng on
at the sane tine where you are running the standard
process and buil di ng your on-line technique.

This effort will take a considerable
amount of time and effort, and does the return on
investment exist? | think the feeling, we have
seen release within GSK, if you have an ol d,
establ i shed process, probably not, even worse, you
have an ol d, established process in an ol der plant.

[Slide.]

Again, things for success. Are we
targeting existing processes or new processes and
products? The former has the advantage of being
establ i shed, validated process, but often these
things are not well suited to automation or PAT

technology. The latter nay be easier to generate
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required sanple sets. So, it is a real tradeoff,

and you have to find a site where you really have

to pull, you are not trying to push the technol ogy
in on them
[Slide.]

So, on-line or at-line deternination of
conposition issues, or calibration issues. You
have heard those beat around today. Again, there
i s mai ntenance of calibration. That's a big one.
How do we maintain our calibration sets? Soneone
even brought up the point of how we know it is not
the process failing, but the sensor failing.

Sanpling issues, what is a representative
sanple? | guess Steve hit on this, too, about a
representative sanple for doing blend anal ysis.

Sof tware i ssues and process control, other process
control issues.

[Slide.]

Calibration. People talk about
chemonetrics, but it conmes down to sonebody has to
do the calibration, and it is going to require a
| arge nunber of batches. These again will need to
i ncl ude out-of-specification batches to properly
span the desired range. You don't want to have a

nodel that is so tightly around your rel ease nunber
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that you get a nunber outside, and it passes it
anyway.

VWo will generate these, and who is
physically going to nake these? Is it going to be
sonmebody in production, is it going to be a pilot
facility, is it going to be the researcher in the
| ab?

The cost, especially if it's a new
product. Again, these things can be thousands of
dol lars per gram for sone of these new nol ecul es.
W1l they be generated on the actual production
equi prent? Are you willing to take the tinme and
actually tie up a manufacturing site for a few days
maki ng out - of - spec bat ches?

VWhat group within the conpany will perform
the validation? Boy, | don't want it to be ne. |
have done it once, it's a lot of work. For those
of you who have done it, you know what | amtal ki ng
about .

[Slide.]

How often nust the calibration be checked?
Is daily suitability perfornmed with sone reference
material ? That is what they do in the petrochenica
industry is they run every two or three hours |ike

for gasoline, they will run a known octane sanple
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through and nake a calibration neasurenent. W
don't probably have the luxury of doing that in our
exi sting equi pnent.

Does it depend on what type of
measurenent? Are you going to have different
calibration routines dependi ng on your near
infrared, W/ vis, Raman?

If the method is fiber optic based, does
the probe need to be renoved for this test? | nean
you basically breach the systemat that point or
can you devel op sonet hing where you can do the
calibration in place.

Again, for exanple, the near infrared for
octane in notor fuel, they need to do a daily check
with verification fromlab testing also. So, they
have a big drum of known material. They run that
every three hours through the system because they
have a continuous process, they generate it, they
have a calibration point then and there, and
basi cal |l y, somebody, when the 200 gallons is gone,
has to regenerate, but they al so al ways have to
take a sample and run in the |ab every three hours
al so. So, again, it's a volune argunment for them

[Slide.]

What if the check reveal s an out-of -spec
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result? W heard a | ot about that. Do you shut
the process down at that point? Can you shut the
process down? Does it bring into question the
previous results? Do you have to go back and | ook
at historical values? Again, who is responsible
for this check?

Do you have a | ocal chanpion? Do you have
sonebody that knows, like a chenonetrician on site
that says, | can go back and say you varied a
little bit, but you are not out of spec at that
poi nt, or do you have the operator |ooking at the
red light saying oh, do | push the stop button? W
have seen exanpl es of both.

[Slide.]

Is there roomfor things like pattern
recognition and classification techniques? | don't
t hi nk anyone has tal ked about this today. It is to
identify and assess the quality of raw materials
and products, and to develop a library of spectra
for acceptable lots. Again, it is a different
approach, but it does use some multivariate
appr oaches.

Develop a nultivariate statistical node
of the library. Conpare future sanples to predict

identity and quality. Can you start doing
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1 predictive work?

2 Denonstrate sensitivity to known expected

3 impurities, degradation products and foreign

4 materials. Again, we start doing spectroscopy,
5 are probably not going to be picking up trace
6 impurities. 1Is that going to be an issue? W
7 don't know.

8 There is the up-front investnment in

9 calibration, is it voided? Basically, you have a

10 history, and this may work better for an

11 est abl i shed process where you can generate sort of

12 a history, and you don't have to go through the

13 big, up-front calibration, or also with ongoing

14  calibration, maintenance costs are avoided. This
15 may be a new approach and sonething we are actually

16 | ooking at, and I will allude to howto do this at

17 t he end.

18 [Slide.]
19 Again, for nultivariate statistica
20 process control. Develop a statistical nodel of an

21 exi sting process. Use rapid, |owcost on-line or

22 in-situ spectroscopi ¢ neasurenments. Use

23 mul tivariate statistics/chenmonetrics to

24 characterize the process fromrel evant, sensitive

25 measur ements.
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Again, generate control limts. Generate
your control that the operators are used to seeing
based on historical database. Again, up-front
calibration is gone, sone of the other maintenance
i ssues are gone.

[Slide.]

Statistical judgnent of a process is
superior to unaided. This is sort of the quote,
and these are things | pulled out of that Science
article. | can give you the reference if anybody
i s interested.

Again, there are extremely effective tools
for detecting correlation am dst significant noise.
In the reference, it is basically in conducting
interviews with people, how do they pull the
rel evant material out of that.

Probabilistic relationships are nore
readi |l y obtained than casual understandi ngs.

Met hodi cal mechani cal approach is nore
t horough, enconpasses heuristics and intuition
But there are sone potential issues that need to be
addressed. This is again still in the research
state. The volune, does the pharnaceutica
i ndustry have the nunber of batches to do this kind

of process control
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[Slide.]

Sanpling issues. Howis the sanple
measured? |s the process sanple collected the sane
way as the validation data was collected? Can you
use a thief sanple to generate your calibration,
and then put a probe that actually doesn't require
a thief?

Again, a fiber optic break, what if the
fi ber/probe break or you get a crack in the fiber,
is that out of spec? Qher issues are probe
fouling. Sonme of the papers have actually
publ i shed, have shown there can be issues of probe
foul i ng.

Sanpl e presentation. These can be an
i ssue for solids or turbid sanples, again, as
have spoken to you before. |Is particle size an
i ssue that could be a big thing for near infrared?

[Slide.]

Envi ronnmental issues need to be
consi dered, and we have seen this in manufacturing
sites. You know, is it sumer or winter? 1Is it
dry? Is it hum d? W have seen differences in
manuf acturing in our Montrose site and Si ngapore
site. You know, we can get sone subtle

di fferences, and again, the source of raw

file:///C|/WP51/WPFILES/0225PAT1.TXT (266 of 309) [3/28/02 10:31:35 AM]

266



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

materi al s.

[Slide.]

Software. Again, who does the burden of
validation fall on? The vendor, can they provide a
val i dati on package? Sone of them say they can, but
is it good enough? It basically falls on the end
user, and what degree of testing is required?

Do we need to ensure 21 CFR 11 conpli ance?
Probably so. Vendors are nore aware of these
i ssues and have begun to address it. Sone exanpl es
are the Bomemwi th the process FT-NI R and t he
Enabl er software, the SpectrAlliance, process
W/ vis software with the NovaPack

[Slide.]

What are sonme of the current software
packages that we are all so happy with? GRAMS/IQ
we are expecting release 8. It is supposed to be
21 CFR 11 conpliant. Those of us that |ike can use
Matlab. Well, | don't think it is ever going to be
validatable. It just historically has not been
witten that way. LabView, we have seen a surge in
the use of LabView. Could it be validated? Maybe
so. |s there a big enough push for Nationa
Instruments to do it? Mybe if we all get up and

yell and scream on our chair.
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[Slide.]

Process control. Now that we have all
these tools in place, what can we do with the
informati on? Can we nmake process variations--this
is a big one--can we nmake process variations based
on the data fromthis Process Anal ytica
Technol ogies? Can we do it if the chenica
i ndustry and petrochenical industry does? Can we
vary our process based on this information? | am
wai ting for an answer on that one.

These are validated processes. |If a
change is warranted, does this inply that the
process was out of control? O do we use this
information to trigger a manual sanpling? It would
be really nice if we could alter our process, but
that is what we have registered

[Slide.]

For exanple, for those of you who have
seen ne speak before, dryer nonitoring is a big
one. W actually have this working in two
different GS case sites.

We are neasuring the effluent from an
oven. W are |ooking at the solvent vapors com ng
off, so we are not |ooking at the material in the

oven. It is independent of what is actually in the
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dryer.

It is a reasonably cl ean sanpl e stream
We do see material deposited over time on the
optics. W are using a PLS nodel to nodel nultiple
gases when appropriate. That is my exanple before
where they generated PLS nodel for two gases with
way too many factors.

The data is used to signal manual sanpling
and off-line testing. W are not using it to
rel ease anything. We are just telling the operator
now is the time to sanple, and you will probably
get a good neasurenent.

[Slide.]

Agai n, what was | earned? Not going to be
used as final release of material. Manufacturing
is pretty darn conservative

Usi ng chenonetrics requires training |oca
staff. Boy, that was an experience. Manufacturing
sites often don't have technical expertise in these
things. This is not what they do.

Anyt hi ng beyond |inear regression was
initially confusing. Boy, that was a big one, too.
The first calibrations were generated off-site, and
they were just not accepted. They did not believe

the data, the calibrations had to be done there.
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They had to see the data generat ed.

Agai n, the nethodol ogy for generating
calibration was used. They use our nethodol ogy,
but they didn't use our data.

[Slide.]

Need to access instrunent nmanufacturer
support worl dwi de. Boy, that can really cone and
bite you. |f the manufacturer is not well
represented where your manufacturing sites are,
that can be a problem

Val i dati on was not required because we are
not using it to release the material. That is one
way we skirted the issue.

[Slide.]

VWhat can ease this in the future? W have
heard sone of these before. Advanced training of
staff, easier to use software. Validation of
software is going to be a big one, and some
gui delines for chenonmetrics, which is why we are
actual |y here.

[Slide.]

O her issues. Pattern recognition, can we
use it? Based on historical data, can the process
be nonitored? Need enough history to account for

al | possible conditions, you know, can we ensure
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t hat .

Here is another one. Can consortia help
with some of these issues? | have seen other
pharmaceuti cal industry nenbers here, CPAC, MCEC
CPACT, can we use those to maybe | everage sone
technol ogy and some i deas.

Regul at ory approval of new approaches. |
mean the current is causal, understanding every
aspect via conventional neans or techniques,
basi cal | y understand absol utely everything, or can
we go to a probabilistic where we conpare good
batches to in-situ measurements to devel op a
hi story.

| see | amflashing red, and I am done.

DR. LAYLOFF: Thank you very nuch, Dwi ght.

I would Iike to open this topic up for
di scussion of the subconmittee.

Subconmi ttee Di scussi on

MR, COOLEY: One of the things that Dw ght
and Jerry both nmade sone inference to is
calibration and the difficulty of calibrating a
mul tivariate technique. Sonething that | don't
t hi nk was mentioned was calibration transfer, and
that is a big issue. Obviously, it would be nice

to be able to do these calibrations in |aboratory
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envi ronment, and then be able to transfer those
calibrations out to the process plant.

These is a consortiumthat has been
recently fornmed called COLI. Mel, | don't renenber
what the acronymis for, maybe you can tell us, |
don't recall.

DR MELVI N KOCH: Chenpretrics On Line
Initiative.

MR. COOLEY: That group, a large part of
that is dealing with calibration transfer, so that
i s another resource that m ght be useful to the
gr oup.

DR MELVIN KOCH: That is one we started
within CPAC and are nmaking it into an open
initiative, and a nunber of people have bought on
totry to do things in addition to the calibration
transfer things that have to do with out-Ilining
wi t h what met hodol ogi es are rugged and ready for
incorporation in industrial processes.

I know the calibration transfer,
particularly fromlab to production, and then from
production, instrument to instruments has been
acconpl i shed within sone individual instrunents.
Jerry, you were involved with one of those.

DR. WORKMAN: Yes, that is a big issue,
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and it is an issue with every instrument because if
you replace mgjor conponents, you have a new
instrument. There are a nunber of approaches that
seemto work quite well, statistically evaluating
transfer. | think that the technology is there.
There are sone new approaches that have been tried
academ cal ly, but there are sone things that have
wor ked pretty well. They involve also an attenpt
to nore or less clone instruments, make them very
much al i ke.

DR HUSSAIN. Going back to the validation
di scussi on that we had, and Bob nmade an excel |l ent
presentation and rai sed some questions. Bob, would
you like to comrent on your approach to validating
some of the chemonetric issues at Pl ankstadt?

MR CH SHOLM To be honest with you, |
haven't done much work in that area because what we
are actually doing, just for people's information,
is we are running a project where we have
basi cally, we have been nmaeking this particular drug
for five years, so we have a | ot of QA sanples, and
we are using these sanples to create the
chemonetric nodels, and that is actually being done
just now, so | have not actually addressed the

validation issues as yet in that sort of area, but
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you get al so sone probl ens because peopl e tend,
when they are nodeling, if you have anal ytica
results, they tend to enter these manually, and
there can be quite a |lot of these, and that causes
a lot of difficulties.

You line themup with spectra, and that is
what | was saying in ny presentation, | think
unl ess you have got good data managenent systens in
the future, it will be very, very difficult to
val i date such systens at all

But we as yet do not have a | ot of
experi ence because we have only just started
nodel i ng, and, in fact, we will be bringing in
Prof essor JimDrennan to help us w th nodeling.

DR. HUSSAIN: | think the concept of
validation and what is the nmeaning of validation in
terns of chenonetrics and nodeling, | think there
has to be a framework for discussion. | could
start with what our current practice is, not in the
chemi stry area, but in the clinical pharnacol ogy
area, we use nodeling quite extensively. In fact,
we have a gui dance out on how to vali dated
phar macoki neti ¢/ phar macodynani ¢ nodel s.

It is rather straightforward. W base our

val idation on predictive capability, and
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essentially, you need an external data set to
val i date that nodel, and we nmeke our regul atory
deci sions today on that basis.

There is another nodel for validation of
chenmonetrics and pattern recognition, and that is
the Center for Devices, the engineering approach,
which is much nore sinpler. So, | think tonorrow |
will try to bring copies of sonme of those guidance
for the working group to take a | ook at, because a
| ot of concern gets raised with validating
chemonetric nodels, and the way we are handling
that is pretty straightforward right now.

I think the main issues fromny
perspective in chenmonetrics is calibration,
transfer calibration and sensor variability is nore
of an issue.

MR. CH SHOLM Maybe just to finish that
off, | think because we are dealing with an
exi sting product and we would intend to validate
agai nst existing registered testing nethodol ogi es,
it is much easier for us because we could run two
paral | el processes and have two parallel dossiers
and denonstrate equival ence, which is what we woul d
intend to do for this particular nodel. So, that

does nake life a | ot easier.
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DR MELVIN KOCH: | would like to address
one of the things that canme up in both the
presentations, and that is the difficulty in
training. Oten, | believe a nmistake on the part
of those in chemonetrics is that they feel they
have to bring the engineer or the chenist, or
whoever, up to speed in chenonetrics.

If we could just learn fromwhat the
comput er sci ence peopl e have done in the trust ne,
this nodel is better than the | ast one, they have
gai ned sone | evel of acceptance in their field that
when they come out with a new program or somet hing
that enhances that which peopl e have been
accustonmed to in the past is somewhat accepted

There is still too many questions and
wanting to understand sone of the basics rather
than to dwell on what the results are, and the
results are overwhelmng in terns of the
capability. The field itself is noving fromthe
spectroscopy into multidinmensional techniques in
their chromat ographi es, and some of the new
devel opments on putting algorithnms and things
together for inage analysis are going to enhance
most of what we are tal king about even further.

It will be forced, | believe, because the
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speed at which npst of your clients want data is

i ncreasing, and there is a point at which

tradi tional methodol ogy, no matter which way you
run it, is not going to give you the data at the
speed you need, so you have to incorporate

mat hemat i cal nmodel s and predictions to keep up with
t he demand.

DR WORKMAN: There are nethods of
i ncorporating the sensor variation itself as part
of the calibration space, so that what you have is
you force requirenments on the sensor to be with a
sensor space, as it were, so it will fit a given
calibration.

There is many approaches, a few of which
actual |l y work.

MR HAMVOND: | would like to nake a point
about the use of chenonetrics all together. |
think a lot of these techni ques could be
over-conplicated by overindul ging in chenonetrics
when you don't actually need to. In fact, | would
say that our policy is only calibrated if you
absol utely have to, because of the issues that have
been tal ked about here.

There are many ways of using the spectra

in very sinple ways. | nean ny favorite
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chemonetric is a standard deviation. You don't
need to indulge in heavywei ght chemonetrics if you
are just looking for endpoints or if you just want
to do really a patent recognition of when have

got to the same place. So, | think overindul gi ng
in calibration techniques when you don't need to is
one thing that got the whole technol ogy a bad nane
in the eighties.

DR. HUSSAIN: | think you raised the issue
of training. Fromthe two perspectives there in
the sense at |east froman FDA perspective, | am
| ooki ng at down the road, what woul d we need.

In many ways you are | ooking at probably a
group of experts, chenonetricians would be in
Ofice of New Drug Chemi stry or wherever as
consultants to handle all of these issues, but |
think the concern would be the training
capabilities in a general sense, are we producing
enough people with the right training in this area.

DR MELVIN KOCH. No, and there is not
enough acadeni c groups that are turning out those
who are advancing the field, however, | do fee
that the techniques are avail abl e enough, so that
it is beconmng rather well understood in practice

technol ogy for people to use, principal conponents,

file:///C|/IWP51/WPFILES/0225PAT1.TXT (278 of 309) [3/28/02 10:31:35 AM]



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and sone of the other things in their actua
interpretation of data.

I would Iike to see it stressed nore
within the vendor comunity, so that it becones
part of the instrumentation, and not sonething that
someone necessarily has to learn in advance. But |
am nore concerned about those who are being trained
academically to continually advance the field. It
is always going to be a concern to have educators
who are keeping the present student group up, but
so far it seens to be adequate.

MR. COOLEY: Ajaz, | was kind of holding
of f bringing that topic up to nake sure we were
finished tal ki ng about chenonetrics, but you kind
of made an opportune time. | think that is a big
issue. | nean the interest of analytical chenists
in general and wanting to put a hard hat on and go
out and work in the plant on an anal yzer is
relatively small conpared to the nunber of people
who want to work in the |aboratory.

I think that is an issue, of having
sufficient people that are trained and experienced
and have a desire to work in this area is one that
needs to be considered, and wasn't really brought

up as an issue anypl ace.
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Anot her part of that is that it is a
specialized field of training. Putting the process
anal yzer out in the plant is significantly
different than putting an anal yzer in the
| aboratory, and there are a |lot of things that you
have to think about to properly put themin, that
you don't have to consider when you are putting an
anal yzer in the |ab, and obviously, that all can be
captured in a design qualification docunment, but
peopl e have to be aware of them so that they can
even be brought there.

Dwi ght ki nd of touched on one, you know,
putting a Raman instrunent out in a plant, people
think of fiber optics as just light, you know, it's
intrinsically safe, it is not a problemto put it
out in the plant, but yet there has been a | ot of
publicati ons showi ng that you do produce enough
energy fromfiber optic probes that you can produce
an expl osi on hazard when you have got it out in a
sol vent hazard area in a plant.

So, you know, there is a lot of little
"gotchas" that are not necessarily part of a nornal
bench chenist's training that needs to be thought
of, and | think Eva woul d probably agree with that,

and sone experience that we have had in
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col | aborati ons with her when the students canme out,
putting their instrunent in the plant, there were a
lot of things that you just didn't think of when
you were working on it in the |ab.

Some of those things even get into
sampling systens. You know, fiber optic probes,
and that sort of thing, you know, what is the foca
path I ength for the probe, are you really | ooking
at the bulk of the product in that dryer versus
what is close to the edge of the piece of
appar at us.

Dwi ght menti oned things sticking on
probes. You may think, boy, | have got a really
reproduci bl e process here, and then cone to find
out, it is just a nice piece of cake that is stuck
on the end of the fiber optic probe, and not hing
was real ly changi ng.

So, those are all issues again that you
don't have in the laboratory environnent that you
have to deal with in the production environnent.

DR TIMMERVANS: | also think that the
issue is not necessarily, as Rick alluded to,
bringing the process anal ytical chenist into the
manuf acturing area. Speaking from experience, |

think one of the nore difficult things is actually
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convi nci ng the operators and educating the
operators, not only in chenonmetrics, but on the
technology itself, and putting in near infrared or
any ot her spectroscopic analyzer on the wall.

If they don't understand it, it's a black
box to them and if the black box, for whatever
reason, nalfunctions or gives thema result that
they don't trust, the probe may get pulled fromthe
process and hung on the wall, never to be used
agai n.

I think we have all seen maybe or heard of
i nstances where this has caused an experience that
may have occurred a nunber of years ago, that stil
carries through into the areas right now So, |
thi nk education, not only bringing process
anal ytical people into the manufacturing area, but
actually getting the people at the nanufacturing,
at the operator level, to understand and have a
first line of defense there is as inportant.

DR MELVIN KOCH: | wonder if | could add
something to that. Having some experience in
i ndustry before noving to academ a, we actually
started to plot howlong it would take froma
failed experience to get a second chance within a

producti on environnent.
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It cane out to be three generations of
supervision, and the only positive about that is
that they are reorganizing and changi ng nore often,
so that the tine is decreasing fromseven years
down to maybe three and a half, but none of that is
necessarily positive.

But anot her point that | would nake on the
training froman acadenm c point of view, and it is
an anal ogous thing which is happening with the
organi ¢ synthesis field as we are finding in
chemonetrics, but there is not much federal funding
that is going into fields |like these, because it
doesn't tend to identify with those things that
fall under the general unbrella of biotech or
nanot echnol ogy.

So, froman academ ¢ point of view, it has
been a difficult sell to get principa
investigators to spend their career in this field
and devel op people in this. So, there is a point
at which the momentum built up in organi zations
like this, that show the val ue of doing research in
these fields to the point where maybe there is sone
bootstrap activity conming fromindustry to
enphasi ze this.

In the organic synthesis area, it is kind
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of interesting because the demand is increasing
rapidly in industry, and those being trained is
going in the other direction.

DR HUSSAIN: | think the interesting

point you made in terns of how long it takes to

recover froma bad experience, but that rem nded ne

of why we are here in the first place. W are here

in the first place because of a |ot of
manuf act uri ng probl ens, but that seenmed to be so
accepted now that it's a way of life.

Taki ng a year to manufacture a batch of
tablets is routine. | mean we don't consider that
as bad at all. So, there are a |lot of bad
experiences that have becone part of the practice.
We are trying to change that, so that is the
chal | enge here.

The other aspect | think which is
important to keep in mind here is in terms of our
draft guidance, | think there are a | ot of issues
with respect to different parts of the guidance,
but what |evel of information would there be on
chenmonetrics, and that is the question | am

grappling with in this.

Clearly, many of the applications would be

straightforward. You really would not be nodeling,
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so that is not an issue. The correl ation-based or
inferential type of testing or control, that is
where the nodeling cones in, and can we rely on our
current practices of nodeling or dealing with
correl ation-based systemon predictive capability
as a neans. | think that is probably the limt of
what we can do in this guidance, not go to anything
beyond t hat.

DR. RUDD: | just wonder if there is
sonet hing nore basic, naybe a general question. W
have heard quite a bit about devel opi ng nove
techni ques, but if | just think about statistica
met hods, basic statistical nmethods, do you think
there i s enough awareness out there for potentia
users in terns of distinguishing between avail able
t echni ques?

You know, if | think back to classica
statistical training that | had during ny degree,
which is three or four years ago at | east now, one
of the things you learn very quickly is the choice
of method, you know, when do | use a one-sided,
paired T test, or whatever.

I think the same principle is here. W
have heard about principal component, we have heard

about M.R, you know, the list is endless. |Is there
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1 enough gui dance out there just to indicate to

2 peopl e when you shoul d use one techni que as opposed
3 to another, and is there, hence, a role for any

4 gui dance docunent we mght present just to clarify
5 the nine field?

6 DR. WORKMAN: | think that is very true in
7 a sense of a baseline series of algorithns and al so
8 statistical approaches to validate those

9 al gorithms. However, chenonetrics is a very

10 creative field, so you have many flavors of sone of
11 the basic al gorithns.

12 VWhat we did with the ASTMis we backed off
13 to look at actually providing matrix notation for
14 the description of the algorithns and the

15 statistics thenselves, so that there is at |least a
16 basis for action that was just a generalized form
17 of those al gorithns.

18 They do obviously exist, but there is

19 intellectual property issues where people are

20 creating new al gorithms, new approaches, slight

21 variations to other algorithnms, that there is not a
22 | ot of historical basis for inplenenting those in a
23 process possibly.

24 DR. HUSSAIN: Well, | think in terns of

25 pharmaceutical industry, they probably will not
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adopt sone of the new ones anyway. | think with
respect to the general guidance, ny thoughts are
our expectations of the decision process, when does
one arrive at a decision that a nodel is sufficient
for use.

I think regardl ess of how you get to that
nmodel, | don't think we will try to address that
part of the thing, let's say, these are our
standards for acceptability of a correlation or
princi pal conponent nodel for use, not discuss how
you get there, but this is our requirements of
predictability and reproducibility, and so forth.

DR MORRIS: Could | just interject, A az.
I guess naybe to Steve's point, | nean if it is
enough to run a sinple calibration curve straight
away and use it, then, God bless you, and if it's
not, then, certainly you would want to take
advant age of the nore advanced techni ques that we
were just discussing.

If you say you need to have a training set
or you need to have sone sort of denonstration that
you have nmet the validation criteria for the
process itself, is that not sufficient, | nean
based on cycling back through the data.

I mean | don't know how you go about it
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interms of the statistics, but in terms of
conparing it to the results, is that not the sane
process, is it not enough just to say that, and
then l et the business decisions lie with the

conpani es?

Sonebody who knows nore about chenonetrics

may want to speak, which wouldn't really rule many

peopl e out here.

DR. MELVIN KOCH: | guess it is not really

addressi ng that question, but what David brings up
is the point that is behind the formation of this
di scussion group right now, and chenonetrics
on-1ine, because the other industries, even those
that are very successful in the inplenentation of
chemonetrics are westling with what approaches to
use based on what time and what is the |evel of
i npl ementation capability of sone of these systens.

So, it is at earlier enough stage that
they are trying to pull sone recognized
recomendati on approach. So, it is early. You
know, Jerry nentioned this is still in a research
phase.

I would like to think we are past that
because it has been denonstrated, it is definitely

a proof of concept and noving on, but there is a
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huge need to try to have people better understand
when to select it.

As Steve pointed out, there is a
trenmendous negative feeling, because in the
eighties, people ran and started using it very
strongly.

| happened to be involved in a situation
where | had folks trying to get us involved in the
chemonetrics, and some of the senior scientists
resisted making the junp until peopl e understood
what was good data, and did they really understand
what their instruments were doing.

It worked out very, very well because we
were forced into preparing good data sets before we
started to work with them and there is somnething
maybe we are not addressing, is that if your
instrunmentation or source of analytic data has not
passed certain rigors, you are junping into
sonething that is really unknown when you start to
apply math handling to it.

DR. RAJU. | wanted to support and agree
with the discussion that was taking place. W have
| ooked at data and data analysis in a nunmber of
phar maceuti cal conpanies, and we find that very

little data analysis is done.
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If you go down to the drivers of why,
then, | would say 4 out of that probably list of 10
is one. The information of rel evance takes a | ong
time to get. Testing takes 25 days at the end,
it's at the end of the process, and so the cause
and effect are very separated in tine, and so you
can't use that information. It takes a lot of tine
to get that information, so the value of the
anal ysis at the end is |ess.

Two, usually, the information is on paper
ina Q@ lab, so it is not easily accessible and,
hence, not easy to anal yze.

Three, as we discussed here, we don't
necessarily neasure all the process and product
vari abl es of interest that neasure process and
product quality, so we don't necessarily have
enough information content in the data that we get
to be able to connect it back. That is No. 3.

Four, al nost the definition of
manufacturing is to try to do the sane run again
and again. As a result, you get a |lot of data of
again and again. So, the information content of
the data, although the data quantity is higher, the
quality is | ow.

Those are the four of the 10 probably
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reasons why we don't use our data as a bottl eneck,
but if you |l ook at process understanding as being a
gap, our goal, it is clear we have to ultimately do
it because in the end, understanding conmes from
first nmeasuring, then analyzing, then interpreting
and understandi ng, and then you get the nodel,

whi ch i s your understanding.

So, we have to do it. That is the bad
news. The good news is that everything that we are
doing with the PAT guidelines, and we plan to do
today and tonorrow, is going to help us.

One, we are going to measure faster; two,
we are going to neasure on-line; three, we mght
even neasure nore and better things; four, if we
connect it back to devel opment, m ght actually
i nclude the design and the devel opnent and the
i nformation content.

The fourth, I amnot so sure. The first
three | amsure about. So, it is okay to keep
chenmonetrics on the boundary for now, and will
beautifully fit in for our next nove, as long as we
are conscious of it, we have to do it to get the
process understandi ng and the 6-sigma at the end.

So, | just want to conplinent that we are

on the right track, | agree in that sense.
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DR LACHVAN: | think one thing we stil
have to keep in mind is the control of the data
that you are devel oping. You have peopl e
variability, you have instrument variability, you
have a lot of variability there, and how is that
going to impact on your analysis in the
chemonetrics. That basic informati on needs to be
wel | desi gned.

DR. RAJU. There are al so consequences of
getting bad data. That is another barrier

DR CHIU | think, you know, in ny sinple
m nded way of thinking, it would be very hel pfu
for the Agency, for the guidance, if the subgroup
can devel op a decision tree, and that the decision
tree will define attributes and the criteria.

If you |l ook at what attributes one should
| ook when you inplenent the on-line testing, and
then if, under certain criteria, then, you have to
do chenonetrics, under certain criteria, you don't
need to.

I was thinking if you are looking at a
univariate test, you don't need probably nbdeling,
you don't need the chenmonetrics, you are just
replacing, determning off a concentration by HPLC

now you are using NIR to determ ne the

file:///C|/IWP51/WPFILES/0225PAT1.TXT (292 of 309) [3/28/02 10:31:36 AM]

292



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

concentration. |It's a univariate.

But if you are looking at the nultivariate
attributes, to |l ook at the solution profile, you
need the chemonetrics. So, if we can have a
decision tree, clearly define the attributes, the
criteria, and then to help the Agency to make the
deci si on when and help the industry, as well, when
and how we shoul d approach this.

MR CHISHOLM | think, returning to
Ajaz's point, when is a nodel robust enough,
certainly in our experience, one of the problens is
that the data sets you obtain are in a very, very
narrow part of a specification envelope, and, in
fact, you don't actually obtain data sets which
wi Il give you confidence |evels right across the
breadth of the specification span

So, what you end up with in reality wll
probably be a nmodel which reflects a rmuch tighter
control |l ed process than you have heretofore had,
and a | ot of pharnaceutical conpanies see that as a
threat, because they are actually going to have to
operate where we want to be, which is better
qual ity processes, of course, but they see it as a
threat.

I think there is an exanple in Australi a,
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it may even have been daxo, | can't renmenber, were
asked to tighten a specification when they went
forward with such a method, so it is about getting
confidence levels on the outriders of your
specification envelope is very, very difficult.

You can make designer tablets and try it
that way, but you are not going to nmake that many,
so your confidence |evels, once you nove away from
the specification, are going to drop quite
significantly, and these are problens that | think
will have to be addressed, and that is the sort of
problemthat | think the standard may well have to
eventual | y address, because we have to put sone
measures on these things and agree themwith
regul ator authorities.

DR HUSSAIN. Also, | think one aspect,
especially in the pharnaceutical sector, would be
the scale effect. | think there are ways of
addressing the scale effect. Even with vibration
spectroscopy, the differences that you see as a
result of scale can be accounted for, and | think
usi ng snal |l -scal e batches to devel op your
chemonmetric nodels is feasible in certain
conditions. So, we don't want to give that part up

al so.
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DR LACHWVAN: | think on the small-scale
bat ches, that is good for devel opnent purposes, but
when you scal e-up, your statistics are changed. In
one case, you have nornal distribution, in another
case you have non-normal distribution, so you have
to be careful how you use the statistics.

DR HUSSAIN. That is exactly the point in
the sense that the way we scale-up now, in a
totally blind fashion, | think that with the probes
on, you actually get inside, into the scale
factors, and actually, you can pick those up and
use that as the collection factors.

DR MORRIS: Just to that point, with the
mul tivariate or | should say the analogy to the
uni variate solution nodel, the problemis that if
you are |ooking, for instance, even at just the
active in a blend, it is not really univariate, and
that is really where chenonetrics finds its
strength, when it is rigorously applied.

So, | think there really is a place to do
it, because we say--1 can't renmenber who said
this--that spectroscopy was well understood. You
say that spectroscopy and solutions is well
under stood, not in powders. | mean now you are

really tal king about scattering and a | ot of other
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things other than just the spectroscopy.

Clearly, chenonetrics has a huge role to
play in hel ping elucidate that, but you nust
elucidate it at sone point or else you can't really
rigorously define it. So, you still have to know
where to put your sensors and what their |evels of
sensitivity and resolution have to be. Just to
muddy the water a bit.

DR. WORKMAN: | think that decision trees
is a great idea for a first approach. There is a
| ot of "gotchas" in chenonetrics, though, and
somewhere al ong the line, somebody has to make,

believe, a good list of the "gotchas," so that
peopl e can do a good di aghostic on what they have
just conpleted using chemonetrics, and nake sure
they are at least in the framework of valid

net hods.

DR. HUSSAIN: | think since we have sone
time, if you want, you could open up for sone
gquestions fromthe floor and the working group.

DR. LAYLOFF: Do any of the nenbers of the
wor ki ng group have questions, conments? Sonj a,
stand up and say sonet hi ng.

DR. SEKULIC. Specifically on the question

of chenonetrics, | like the flowhart idea,
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however, | think that if we provide a flow chart on
what sort of chenonetrics algorithns you are using
in a guidance docunment, | think that mght end up
being a little bit restrictive.

If we take into consideration the variety
in products and the nmanufacturing processes that we
are thinking of regulating, | think the
chemonetrician is a rather energetic and
enterprising beasty, so we tend to generate new
pernut ati ons and conbi nations of algorithns to cope
with each and every situation, and so | think from
that perspective, | don't have a probl em providing
a flowchart that defines this particular process
and this particular algorithmand nodel that | put
t oget her.

I think that is a legitimte request, and
I think that should be done. | really would be
challenged to try and figure out how to put a
fl owchart together that is general enough to be
applicable in a guidance docunent, so that was ny
concern

DR CHIU | don't think as a first step
we want a conprehensive flowhart to cover
everyt hing, every dosage form every possible

technology. We could start small. For exanple,
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you could use a solid dosage forminmedi ate
rel ease, which is the nost common dosage form and
start fromthere and see what we can do.

I think the working group tonorrow
probably can discuss this and to see what is the
best approach.

DR LAYLOFF: Any other working group
menbers have a coment ?

DR. WOLD: | am Svante Wl d, Umretrics, one
of the founders of at |east the word chenonetrics.

I don't think that chenonetrics needs any
di fferent approach to validation than any other
met hod. There is no difference between, say, a
conbi nation of an instrunment and eval uation of the
data if you take HPLC and drawi ng a standard
uni vari ate standard curve

There was a | ot of hullabaloo 20 or 30
years ago when biol ogists started to use standard
curve, so there was a lot of confusion, but in the
end, it is the same criteria as always. As A az
says, we need to check out for the activity, but
al so one needs to have validation data that are
representative of the situation. That is very easy
to create with design.

So, a conbination of design to set up the
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space you want to evaluate, and that shoul d, of
course, cover what you want to evaluate, and not
make it too narrow, then, you cause trouble for
yoursel f, then, see that things behave.

Now, the problem | think with chemonetrics
is that when you do things right, the nethods
becone sensitive, so sensitive that you see a | ot
of new things, and that is confusing. W have to
learn to live and use the new type of information,
but we shouldn't confuse that with validating the
old. That is tw different issues.

We have to understand what happens and
appreciate the new type of information, but we
shoul dn't see that as a burden, we should see it as
an opportunity.

DR RAJU. Ajaz, the one place where
chemonetrics could be central is if you want to
push or formul ate the process signature idea
upfront, if you want to do that now, chenonetrics
woul d be really pretty upfront then

DR. HUSSAIN: | was |ooking at some of the
acoustic signatures. There is tw ways of handling
that. One would be trying to use that and sort of
get sone nunbers out of it, or sinply use that or

certain parts of that as a spectra. So, we may

file:///C|/WP51/WPFILES/0225PAT1.TXT (299 of 309) [3/28/02 10:31:36 AM]

299



file///Cl/WP5LY/WPFILES/0225PATL.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

want to use chenonetrics, we may not want to use
chemonetrics, depending on the application you are
seeki ng.

But | think what Yuan-yuan was getting at,
I think it is an inportant point. |If, for exanple,
we can clearly delineate what are the direct
measurenents that really do not need any
sophi sticated analysis, and inferential and
i ndirect nmeasurements, |ike predicting dissolution,
and how one goes about doing that, so at least if
we have a decision tree that charts out, we know
where we need chemonetrics, where we don't need
chemonetrics, and so forth. So, | think that would
be very hel pful for us.

DR. CHBWE: M nane is Kennedy Chi bwe
from Weth Pharnaceutical s

I just have a comment and observation. |
think there has been a |l ot of tal k about process
devel opment control or process control, in-process
technol ogi es, as well as opposed to |aboratory
t echnol ogi es.

One of the points that | would like to
make is that maybe if industry could be given sone
| eeway, there should be some |earning curve, such

that--1 mean | know the characterization is, "Don't
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ask, don't tell."

It should be allowed to have a | earning
curve. They don't have to necessarily submit sone
of the paraneters that are going to cone up in
terns of optimzation, and that coul d be done
during chem cal devel opment. The FDA doesn't
necessarily have to request information on all the
paraneters, because one of the points that | would
really have to be careful about, all the
technol ogi es we are going to be tal ki ng about have
limtations.

CGood example. Raman is not going to see
exactly what near infrared is going to see. Raman
wants seawater, NRO seawater. So, you have all
those Ilimtations. But if industry is given
sufficient leeway to actually do the |earning
curve, at the sane time | think it is very good
idea that FDA is already noving on for PATs.

It is definitely very encouraging. W are
i nvol ved in new technol ogies, and we really woul d
want to have some room if you see what | nean

Thank you.

DR HUSSAIN. What | have | earned through
some of the visits to conpanies, and so forth

there is even hesitation--1 think the Pfizer term
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was, "Don't tell, don't use, don't ask," was not
the phrase--but regardl ess, even there is a
hesitation to do something in addition to the
required testing.

What | nmean by that is, for exanple, if a
company wants to investigate use of on-line, if
they put it on line and start collecting data, they
fear that an investigator mght ook at the data
and see some trends in that, and penalize themfor
t hat .

If that is the neaning of that in the
sense if you want to do something w thout having a
need to submt and be penalized, | think we
probably shoul d di scuss and probably address that.

DR. CHIU. | think our guidance can
address that. Wen you have parallel processes, one
is conventional, one, you are trying to devel op new
ones, then, the guidance docunent could say, you
know, the approved conventional traditional process
is the regulatory process, the other one is just
devel opmental until it is finalized and refined.

DR LAYLOFF: That is a good idea,

t hi nk.
DR. RAJU. It should be part of the

gui dance di scussions, as well, you think?
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DR CH U Yes, this is what | am
proposi ng, you know, our guidance can cover that
poi nt .

DR HUSSAIN. One of the disheartening
things for me was even that is sort of inhibiting
any innovation to some degree, and even if
conpanies do it, they do it in a hidden way, so
that the investigators are not there, and then nove
everything off--1 amjust kidding.

DR LAYLOFF: If you nove it into a
gui dance and then do it into a training program it
shoul d be hel pful

DR CHI U  Any guidance, we always have
internal training and external training.

MR. HALE: | think there is a difficulty,
though, in the idea that adding a sensor for the
sake of adding a sensor is going to do anything,
because we al ready have sensors. W neasure
tenperature, we nmeasure pressure, we neasure
hum dity. We do all this already, and we use them
to relate a variable to something in the process,
as was described earlier, and a final product.

I think one of the large difficulties
especially with existing products is that it is

very difficult and of mnimzing inportance to | ook
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only at a specific in-process unit operation
wi t hout | ooking at the final product.

The reality is we don't test the fina
product very much, and to start sensing and
coll ecting data on sonething where you can't
compare it against the product characteristic
fundanentally, is always difficult, and | think
that is a big hurdle to overcone in inplenenting
t hese technol ogi es.

It is easy to say that we can | ook at
segregation or we can look at humdity or we can
| ook at drying curves and perhaps do that better,
but we can't conpare that with the perfornmance
i ssue, because we don't take the data, so we are

adding on to data collection in the end, and that

is a huge risk and difficulty in inplenenting these

t hi ngs.

I think we have to renenber that adding a

sensor for the sake of a sensor doesn't give us
anyt hing, that we have to have the process

under st andi ng and we have to have the product

under st andi ng and data to inplenment anything in the

statistical methods.
DR. HUSSAIN: If | could just sort of

paraphrase that, if | understood that correctly,
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the challenge is in the sense to understand your
process and its inpact on your product
performance--correct me if | amwong, Tom -what
you are saying is that routine testing that we do,
say, six tablets for dissolution, really is not
going to give you that information. You really
need far nore sanpling and anal ysis of end product
to get that information.

Is that correct?

MR HALE: Qur current concept of product
validation is that by doing validation, we can do
reduced testing, and therefore, we do reduced
testing, and that is our concept and definition of
the current state and why it is good to rel ease
product .

If we are |ooking at statistical process
control or all of these other ideas, you want to
| ook at the product com ng out, and doing that,
there is a product rel ease issue, but having enough
data to correlate and have data for the
chemonetrics or whatever statistical or process
under st andi ng we have, and that is where it becones
difficult, because our | ook at process optim zation
is the sanme as our | ook at rel ease.

By | ooking at rel ease, we have sone very
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practical issues to overcone in all reality, and
think that is a huge burden that this guidance is
going to have to sort through.

DR HUSSAIN. | totally agree. | actually
have an exanpl e of that scenario. | sort of
presented that to the Advisory Conmittee on two
occasions. The PQRI effort was trying to get sone
data for stratified sanpling, and one of the
compani es wanted to provide data, and they actually
did the stratified sanpling and found a probl em

That is what the fear is, | think, if you
do extensive testing, then, you find problens, how
do you deal with that. You have to correct that
probl em

DR LAYLOFF: Just don't look, don't tell

MR HALE: But | think that may result
in--there was talk about tiered systens. The
tiered system may be ol d product and new product,
because the process of collecting data and
understanding is different pre- and
post -regi stration.

The other thing is that we could | ook at
expanding the time of devel opment is probably
unrealistic in the scope of the econom cs of the

i ndustry, but one thing that we can do besides
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measuring is | ooking at processes a priori, that
are inherently measurable and are designed to fit
into sone of these nodels that aren't so
conplicated, that don't have the history that sone
of our processes do, that work, but are inherently
difficult to scale.

They are inherently difficult to
under stand wi thout conplicated neasurenent
techni ques and a lot of gut feel. So, if part of
the design exercise is not doing nore work, but
doing better work in the design phase by changing
the way we neasure it, but also changing the way we
process it, we could have huge inprovenents, |
t hi nk.

DR. WOLD: To this question about adding
sensors, | think that one should start with the
data you already have, and the production data in
all industry including pharmaceutical industry is
very little used for process understanding. It is
used for process control

If you start to use that to get a better
picture, look at the dynam cs, for instance, in
bat ch processes, you see a lot of things. W are
amazed, both with the paper industry and with the

pharmaceuti cal industry, when you take a very
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sinple batch process with just five variables, you
start to be able to do diagnostics of things and
probl enms that people haven't even dreanmt about, and
that is w thout additional sensors.

Now, if you find that this doesn't work,
then, we can discuss additional sensors, but |
think this PAT should include the technol ogy to do
better with the data as they conme al ready, and
there is a huge gain there.

DR LAYLOFF: | think we have run out of
steamon this one. A couple of things. | would
like to remnd you all that tonorrow norning we
start at 8 o'clock. W are adjourning early so you
can get to be early.

Al so, | think Mel was conmmrenting that if
there is a problem it takes about three
generations before it clears. | think we see a
different FDA sitting at the table who has cone
here to work with you to hel p nove the technol ogy.
So those three generations nust have gone away.
think that was one of them

We are adjourned for today. W wll see
you tomnorrow norning at 8:00

[ Wher eupon, the neeting was recessed, to

be resuned at 8:00 a.m, Tuesday, February 26,
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