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PROCEEDIL NGS
Call to Order

DR. TAYLOR | would like to call the conmmttee to
order, the Advisory Comm ttee for Pharnmaceutical Science.

This nmorning, for the record, | amnot sure the
audi ence has changed significantly, but perhaps we should
have reintroductions of the commttee briefly with your nane
and affiliation followed by sonme announcenents from Dr.
Sonmers. We will start with Dr. Branch.

DR. BRANCH: MW nane is Robert Branch. | amfrom
the University of Pittsburgh

DR ZI MVERMAN: | am Cheryl Zi merman fromthe
Uni versity of M nnesot a.

DR. DAVIDI AN: Marie Davidian from North Carolina
State University.

DR. TAYLOR | am Robert Taylor. | am from Howard
Uni versity.

DR. TEMPLETON- SOVERS: Karen Somers, Acting
Executive Secretary, FDA.

DR. GOLDBERG  Arthur Gol dberg, independent
consul t ant.

DR. VESTAL: Robert Vestal, VA Medical Center,
Boi se, and the University of Washi ngton.

DR. BRAZEAU. (ayle Brazeau, University of
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Fl ori da.

DR. WLLIAMS: Roger WIlians, Center for Drug
Eval uati on and Research

DR. TAYLOR  Thank you.

Conflict of Interest Statement

DR. TEMPLETON- SOVERS: | would like to read the
conflict of interest statenent.

The foll owm ng announcenent addresses the issue of
conflict of interest with regard to this neeting and is nmade
a part of the record to preclude even the appearance of such
at this neeting.

The purpose of this neeting is informational and
it wll cover a nunber of broad topics that will require
nore in-depth discussion at subsequent advisory commttee
nmeet i ngs.

Since no questions will be addressed to the
commttee by the Agency on issues dealing with a specific
product, IND, NDA, or firm it has been determ ned that al
interest in firms regul ated by the Center for Drug
Eval uati on and Research which have been reported by the
participants present no potential for a conflict of interest
at this neeting when eval uated agai nst the agenda. However,
in the event that the discussions involve any products or

firms not on the agenda for which an FDA partici pant has a
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financial interest, the participants are aware of the need
to exclude thensel ves from such invol venent, and their
exclusion will be noted for the record.

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

Thank you.

For speakers who may not have been here yesterday,
we are using a tinmer to keep everybody on schedul e, and you
w Il have a green |ight when you have plenty of tine, a
yellow light when it is tine to sumup, and a blinking red
[ ight when your tine has expired.

In addition, if you answer a question or speak in
any way, we ask that you identify yourself and pl ease use a
m crophone, so that it will be picked up for the
transcri ber. Thank you.

DR. TAYLOR  Thank you, Dr. Somers.

The norning session is Chem stry, Manufacturing
and Controls Topics.

The first speaker is Dr. Steve More, who wl|
di scuss Bi ot echnol ogy Products and Pharnmaceuti cal
Equi val ence.

Dr. Moore.
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Chemistry, Manufacturing and Controls Topics
Biotechnology Products: Pharmaceutical Equivalence

DR MOORE: First, | amglad to be here today to
talk to you about bi otechnol ogy products.

[Slide.]

| amtalking to you as the Chair of the
Bi ot echnol ogy Technical Commttee, which is under the CMC
CC.

[Slide.]

There is quite a nunber of reconbi nant DNA
products that CDER regulates, and | have a list here of ones
t hat have been approved for marketing. According to an
i ntercenter agreenent, CDER regul ates certain drugs and
antibiotics including hornones, and a |l ot of these are, in
fact, hornones.

One of the first or actually the first reconbi nant
DNA product approved was approved in CDER. That is the
human insulin. There are two manufacturers for human
insulin, as you know, are Lilly and Novo. They use
different host cells to produce these insulins, and the
insulin nolecule has A and B chains and 3-disul fide
I i nkages.

A recent addition to this list of insulins is a

humal og |ispro, which has a change of the am no acid
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sequence at positions 28 and 29 in the B chain, and the
result of that is a faster acting insulin. The other
insulins that you see are fornulations for different tines
of action.

Then, there is also a human growt h hornone. The
first one was 192 am no acid |ong because it had a
met hi oni ne which is put on by the bacteria, and the
remai ni ng ones are 191, which corresponds to the exact
| ength of the human sequence. These nol ecul es have
2-disulfide |inkages in them

The last one | amshowing there is the human
bet a- gl ucocer ebr osi dase anal ogue known as Cerezyne by
Genzynme, and this is the nost conpl ex reconbi nant protein
that we have, 497 amno acids long. It is heavily
gl ycosyl ated, and there are nultiple disulfide |inkages.

To add to the conplexity of this, the glycoprotein
chains are nodified to expose mannose residues and the
purpose of that is for targeting to mannose receptors on
macr ophages, and the enzyne is for the treatnment of
Gaucher's di sease, to reduce the sphingolipids inside the
cells.

[Slide.]

| would Iike to talk to you a bit about the

Bi ot echnol ogy Commttee. W give guidance on a nunber of
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areas of biological type nolecules, rDNA proteins primarily,
but there are also other products which fall under this
category, synthetic peptides and ol i gonucl eoti des, and nobst
recently rDNA netabolites -- and I will speak about that a
little bit later -- and nonocl onal anti body reagents, and
reconbi nant DNA enzyne reagents, and other products that may
be put before the commttee.

We are engaged in devel opment of gui dance
docunents and we answer inquiries both frominside FDA
primarily fromreviewers who have biotech, biological drugs
under review, and also fromindustry for new products and
new ways of doing things.

| amthe Chair, as | said. The Vice-Chair is
Duu-gong Wi. W both cane to FDA with hands-on experience
i n reconbi nant DNA technol ogy and nol ecul ar geneti cs.

The nmenbers we have chosen to represent wdely the
divisions of CDER, there is Liang Zhou, who has experience
i n nmonocl onal anti bodi es and peptide drugs, and Euginia
Nashed, who is experienced al so in nonocl onal antibodies and
ELI SA techni que. Rao Kanbhanpati, who has experience and
expertise in oligonucleotides. Brenda Uratani, who fornmerly
worked at a small biotech firm and she is from Peter
Cooney's group in M crobiol ogy.

There is also Brian Nadel. He is a field
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i nspector and has expertise in |arge-scale fernentations.
There is al so Meade North, who is an observer from
Conpendi al Operati ons.

[Slide.]

Under the Biotechnol ogy Technical Commttee, BTC,
there is a nunber of working groups. One such active
wor ki ng group currently is working on rDNA reagents, and
they are currently working on nonocl onal antibodi es used as
reagents. Their task is to develop a gui dance on the use of
t hese bi ot echnol ogy- produced nonocl onal anti bodi es as
reagents in drug manufacture.

Several points there. There is a current guidance
for therapeutic nonocl onal antibodies, a PTC that CBER has,
but it is not considered to be suitable since these are, in
fact, reagents, and not intended to be injected into humans.
These are used non-sterile. There are other issues that are
different fromthe way that nonoclonals is used as
t herapeutics, and that being that these are generally bound
to a solid support and used during the purification of the
drug substance.

There are al so sone of the sane issues, such as
viral validation, however, even here, the nonocl onal
antibody is usually used in a colum which is upstreamin

the purification process, so you would al so have to count
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the downstream steps and include it in viral validation
studi es.

The Chair of this subconmttee is Euginia Nashed
and these are the nenbers. W have nenbers from OGD and
ONDC. Also, there is a representative from CBER, who is
coordi nating the sane kind of docunent that CBER is trying
to devel op.

[Slide.]

Anot her wor ki ng group under the BTC is R DNA
Cel lular Metabolites Wrking Goup. Mnufacturers are
interested in using netabolites, such as antibiotics, am no
acids, vitamns, et cetera, made by rDNA techni ques. They
wish to do that because they are able to increase the yield
such as increasing the pronotor coding for a gene, which
eventual ly codes for an enzyne that the cell uses inits
machi nery to manufacture such a netabolite, or they nay want
to change the copy nunber and increase the nunber of gene
units.

There is a CBER/ CDER joint Points to Consider in
1985 for reconbi nant DNA proteins, but we al so consider that
to be nonsuitable, consider it to be too restrictive because
the product here is a | ow nol ecul ar wei ght organi c nol ecul e
that can be readily characterized versus proteins, and al so

that fornmer docunent contains extensive details on how to
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characterize cell banks and characterize the protein with
respect to structure, disulfide |linkage, et cetera.

So, also we think that these small nol ecul ar
wei ght netabolites would be easier to purify away from ot her
protein contam nants, which is a major issue in the PTC

The Chair here is Duu-gong Wi, al so a nenber of
t he Bi otechnol ogy Commttee, and these are the nenbers.

[Slide.]

| would Iike to give you now just a bit of a
summary on the update of the status of sone of these
docunents that we are working on

The nonocl onal anti bodi es gui dance. That has gone
t hrough the Bi otechnology Conmttee review. As we go in
steps, we conceptualize these things within the commttee.
We send them out to working groups, and the working groups
devel op drafts, send it back to the BTC, and we discuss it
and go back with your comments and say you need nore work,
then, cone back and finally before we forward it on for nore
general circulation inside FDA, and then hopefully, finally,
it gets published in the Federal Register. W are hoping to
get that one out this year.

There is also the one, the netabolites guidance.
That one has gone through final round within the Techni cal
Comm ttee, and hopefully, can get that one out this year,
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soon.

Ri ght now we have pl anned ol i gonucl eoti des
gui dance. Right now Rao -- not very nmany people can say his
| ast nane -- he is an expert on the oligonucl eotides area,

and he is the chairman of a working group on that area.
Ri ght now we are advi sing sponsors of INDs to follow our
publication in 1993 about the regul ati on of

ol i gonucl eot i des.

We are al so planning a guidance on r DNA enzynes.
Manuf acturers are very interested in using rDNA enzynes
since they would like to nove away from ani mal source for
using reagents in purification steps that conme in direct
contact with the drug substance.

One of the nmain reasons here is the bovine BSE,
possi bl e contam nati on from bovi ne enzynmes sources, and al so
for porcine viral issues there.

Al so, nenbers of the Biotechnol ogy Conmttee work
cl osely, including Yuan-Yuan Chiu with Gene Miurano, who is
the co-rapporteur for a QBB for specifications and tests for
bi ot echnol ogy products. That |ICH docunent is nowin Step 1
or alittle bit beyond.

| am going to skip over the next category and go
to a conparability protocol. This is sonething that has

been submtted for the Biotechnology Committee to | ook at
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and di scuss. What a conparability protocol is, if you
haven't already heard of one, is a plan on how a conpany
m ght undertake the steps to make a change, and then what
tests, et cetera, they will use to prove that that change
has no deleterious effect on the product.

This is very famliar to industry. They refer to
them generally as a change protocol. They wite up SOPs
before they nmake a change, and it goes inside for clearance
before a change is ever nade.

The FDA, at least the reviewers are not use to
seeing these kind of protocols. W are used to seeing the
end results after all the data has been collected and to
show what the change was and that the change did not affect
safety and quality and efficacy of the product.

The idea is that if a conpany can send in a
prot ocol and have it approved, |ike a supplenment, that this
coul d reduce the burden of time that they are waiting to
i npl enent the change.

There is proposals for biotechnol ogy products in
our harnoni zation efforts wwth CBER, that we will have three
tiers for the time periods that are needed to wait for
approval of supplenents. The idea of the conparability
protocol is to reduce the tiers down one |evel from perhaps

a prior approval supplenent down to a supplenment that can be
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i npl emented in 30 days, a CBE, or a CBE-type suppl enent down
to annual report.

| would |ike to go back now to the pharnmaceutica
equi val ence docunents which are being di scussed and pl anned
wi thin the Biotechnology Conmmittee. Dr. Yuan-Yuan Chiu
woul d like to comrent and di scuss various aspects of

phar maceuti cal equival ence as it applies to biotechnol ogy

pr oduct s.

[Slide.]

DR. CH U | have been asked to address the issue
of pharnmaceutical equivalence. | wll be very brief.

[Slide.]

Phar maceutical equivalents is defined in the Code
of Federal Register. It is stated, "Drug products that

contain identical anmpbunt of identical active ingredient,
i.e., the sanme salt or ester of the sane therapeutic
noi ety."

Therefore, in order to show two drugs products are
the sanme, the prerequisite is the two products contain the
sanme active ingredients or the active therapeutic noiety.

For purified organi c conmpounds or inorganic conpounds to
denonstrate saneness is pretty straightforward because with
avai |l abl e anal ytical techni ques, however, when we address

t he bi ot echnol ogy product, biological drugs, it has
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conplexity of the product and al so because sonetines they
are quite inmpure, they are crude extracts, therefore, to
denonstrate saneness, it becones quite conpl ex.

[Slide.]

There are different occasions one needed to
denonstrate the saneness. One situation is you have
mul tiple conpanies or nultiple suppliers or you have generic
drugs or innovator drugs, you want to show the
phar maceuti cal equival ence across the product. Then, you
need to denonstrate saneness.

The other situation is when one nakes
manuf act uri ng changes during | ND stages or post-approval,
then, you may want al so to show t he saneness.

So, to address the issue of this problem in 1996,
CDER and CBER i ssued a joint guidance docunent | abel ed as an
FDA gui dance concerni ng denonstration of conparability of
human bi ol ogi cal products including therapeutic
bi ot echnol ogy products.

Thi s docunent provided the framework how to
conpare different products including all drug substances,
however, they only provide sort of a hierarchy of testing,
so if you nmake -- and this gui dance docunent also only
address the manufacturer's changes, not address when you

have different firnms to nake a product.
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So, it give you sort of decision. |If you nmake a
manuf acturi ng change, and the first level of testing is
physi cal, chem cal, and biological testing to show whet her
t he product has now changed up to the nmanufacturer change.

| f that shows differences or if that doesn't give
you concl usi ve evidence, then, you may want to go to the
second level. That would be animal PK/PD, and then if that
i s not enough, then, you may go to clinical level and the
PK/ PD or even conparative clinical studies.

So this docunent only provide that kind of
i nformati on, and doesn't address how do you denonstrate the
phar maceuti cal equival ence related to the saneness of the
active ingredients.

Therefore, we felt there is a need to do this.

[Slide.]

Because of that, we |look at all the biol ogical
drug substances we have in CDER and CBER. So, we cone up
wth this list. This list is in order of the conplexity of
the nolecules. W started with reconbi nant DNA anti biotics
and cellular netabolites, which Dr. Mwore has nentioned
briefly. They are small nolecules, so they are pretty
straightforward to denonstrate saneness, and the docunents,
Dr. Moore nentioned it has a section on pharnaceutica
equi val ence.
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The next |evel of conplexity would be synthetic
pepti des which could include the Iinear therapeutic peptides
or it could be nore conplicated, and nmultiple antigen
pepti des used in vacci nes.

So, we think, you know, we would |like to address
the i ssue of pharnaceutical equival ence of all different
types of products, and we will start now with synthetic
pepti des.

[Slide.]

In 1994, in Novenber, both CDER and CBER al so
i ssued a gui dance docunent for the subm ssion of chem stry,
manuf acturing, and controls information for synthetic
pepti de substances.

Thi s docunment does not address the pharmaceuti cal
equi val ence issue. It only address the characterization,
the preparation of synthetic peptides, and mainly address
the therapeutic peptides, the relative sinpler ones.

The |1 CH docunent is for drug substances and
therefore traditional pharmaceutics or for biotech products,
do not address synthetic peptides either. Al those
docunents under the scope, the synthetic peptides are
wai ved, are not included because the synthetic peptide
really is a hybrid of biotech product and the synthetic
organi ¢ conpound. So, it has different characteristic to
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ei ther one. Then, you have sone comon characteristics to
both of them So, they are sort of unique.

[Slide.]

Qur goal is to revise this docunent and to include
a section to address pharnaceutical equival ence. W have
recently reconvened the previous synthetic peptides working
group and added new nenbers. W have nenbers from CDER and
CBER, and those peopl e have expertise in therapeutic
products, in vaccines, diagnostic kits, therefore, we think
with this group of people we will be able to revise this
docunent and to suit the needs of the Agency and the
i ndustry.

Then, you will hear fromthe two co-chairs to
di scuss scientific issues revolved around synthetic
pepti des.

DR. TAYLOR  Thank you.

The next presentation will be on synthetic
peptides, and it is Dr. Niu and Dr. Berkower.

Synthetic Peptides

[Slide.]

DR. NIU  As nentioned by Dr. Chiu, synthetic
peptide is one of the biotech products. Today, nmy talk only
deal with synthetic peptide that have well-characterized

structures, and Dr. Ira Berkower will discuss with you the
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ot her aspect of the synthetic peptides.

[Slide.]

The synthetic peptides, the synthesis of peptides
have two ways to synthesize the peptides. The first is
sol ution-phase nethod. Second is solid-phase synthesis
met hod. The general principle of this synthesized peptide
by both solid-phase synthesis and by the sol ution-phase
synthesis is identical.

The am no acid have free carboxy group, is |inked
to the amno acid, free amno group with coupling reagent to
formam de bond of peptides as shown in this slide.

[Slide.]

In the sol ution-phase nethod synthesis, the
different size also of peptides can be achi eved by coupling
the various short peptides, such |ike dipeptide or
tripeptide to forma large peptide with a coupling reagent
and under the controlled tenperature.

The advantage of this three-phase nethod is first
you can get the honbgeneous product, but because every
internedi ate, such like a dipeptide or tripeptide can be
purified either by crystallography or by pass-through
si ncogeal [ph] colum, and there is a second, there is |arge
quantity of the peptide internedi ate can be obtai ned.

The di sadvantage of the sol ution-phase synthesis

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

is, first, it is time-consumng to purify all the
i nternedi ate peptides. The second, sonetines it is very
difficult to dissolve the internediate into the organic
sol vent.

[Slide.]

In the solid-phase synthesis, the first amno acid
is coupled to the polyneric resin, and then the N-term nal
bl ocki ng group is renoved, and then second peptide is
coupled to the peptide resin by the coupling reagent. So,
the desired peptide of all the am no acid has been linked to
the peptide resins by the repeating process.

After the conpletion of the synthesis of peptide,
a reagent is applied to renove the chain fromthe resin, and
to liberate the peptide, finished peptide into a solution,
t he solid-phase synthesis offers several advantages over the
sol uti on- phase net hod.

The first one is elimnation of the solubility
probl enms. The second is solid-phase synthesis offers a
relatively short synthesis tine. The disadvantage of this
sol i d- phase synthesis, the first racem zati on has occurred
during the coupling. The second is the deletion peptide is
caused by the inconplete renoval of the N-term nal bl ocking
group, the swelling of the peptide resin B

Nunber C is nodification of peptides, which wll
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be di scussed by Dr. Berkower.

[Slide.]

After the conpletion of synthesis of the peptide,
the crude peptide may contain the follow ng by-product. The
two nost inportant ones are racen zed peptides. That neans
L-ami no acid and racem zed to D-am no acid during the
coupl i ng.

The second is deletion peptide. These two
peptides are nost inportant in the contam nation. So, we
need to purify the crude product away fromthe by-products,
and usually we use HPLC to renove those by-products.

[Slide.]

After you have got your purified desired peptide,
t hen, you need to characterize your peptide. The m ni num
requi renments for this structure characterization of the
peptide include the following: first, it is amno acid
anal ysis; second is mass spectroscopy; third is peptide
sequence; the last is peptide mapping.

The ami no acid anal ysis provides evidence for the
am no acid conposition in the peptide, and al so can provide
information for the content of the peptide in the sanple.

The mass spectroscopy can provide the information
on the wei ght of the peptide and sonetines can give you the

sequence information. The peptide sequence can be useful
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determ nation of correct sequence of the synthetic peptide,
and al so provides a good estimation of honbgeneity of the
peptide, and to detect the deletion peptide in the product.

The last one is if a peptide contain nore than 20
am no acid, the peptide mappi ng may be necessary. The | ast
one is using the chromatographi c anal yzer, you can determ ne
the purity of the peptide, as well as determ ne and nonitor
the inmpurity profile fromthe peptide.

The last one is biological activity may be needed
wWth invitro or in vivo test whenever it applicable.

| finish ny talk. Thank you.

[Slide.]

DR. BERKOWNER: Good norning. | amgoing to be
di scussing the application of peptides to nmake peptide
vaccines. This is just one of the areas in which a very
beauti ful and well-characterized peptide may have to be
nodified in order to take that structure and nake it into a
useful biological function.

[Slide.]

In this talk, I wll be discussing, first, certain
features of the peptide vaccine that are essential in order
to elicit an inmune response, which is the purpose of the
vacci ne. The inmune response depends on the interaction and

col | aboration between two types of cells, B cells, which are
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the cells that produce antibodies, and T cells, which are
the cells that provide essential hel per functions needed by
the B cells to go on and produce the anti body.

As stated in this slide, a good peptide vaccine
shoul d ideally have antigenic determnants or we called them
epitopes targeted toward each kind of cell. That would be a
T cell epitope recognized by T cells, and a B cell epitope
recogni zed by the B cell that is going to nake the
ant i bodi es.

In my little talk, I wll be giving two specific
exanpl es of peptide vaccine constructs. The first would be
a nore or less classical peptide protein conjugate in which
a peptide is conjugated to a protein, and the protein
carrier provides the T cell epitopes.

In these conjugates, heterogeneity is a well-known
feature and | will be denonstrating that. The second
exanple is going to be the nultiple antigenic peptides or
MAPs. These tend to be tetraneric structures which contain
both T cell and B cell epitopes. | will illustrate an
exanple of difficulty both in analyzing and actually in
synt hesi zing a peptide of this type.

[Slide.]

This slide shows a cartoon of our current

understanding of how T cells and B cells work together. The
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top right corner of the slide shows an antigen which has two
parts. This could be a synthetic peptide. The triangular
part is the part recognized by the B cell, the B cel

epitope. The rectangular part is the T cell epitope, and
they are linked together. They nust covalently |inked
together to work together.

The top left corner, we see the B cell that is
getting ready to respond to the antigen, and the key feature
of this Bcell is a surface receptor that is nothing other
than the i nmunogl obulin that the B cell wll |ater nmake as
an anti body, and that becones the receptor, as you can see,
for receiving the triangular part, the B cell epitope of the
anti gen.

That happens first. In the second step, the B
cell internalizes the peptide and partially degrades it into
fragnents, and then as shown in the bottom presents that on
its surface in the binding group of a second nol ecule called
the MHC nol ecul e, major histoconpatibility conplex nol ecul e.

It turns out that the T cell shown on the right
has a receptor that sees this conbined determ nant, that is,
the peptide, the foreign peptide with the self-inage seen
together, and that is what triggers the T cell to rel ease
various interl eukins shown here as IL-4 and IL-5, and there

are other hel per effectors, as well, that the T cel
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provi des back onto the B cell, which stinulates it to nmake
ant i bodi es.

So, to get an optimal antibody production in the
bottom of this slide, you need both a T cell and a B cel
epitope ideally in your peptide. | amgoing to show now
specific exanples. The first exanple was when the B cel
epitope, the triangular part is the peptide, but the
rectangular part is an intact protein, and that is shown on
t he next slide.

[Slide.]

This is alittle faint, but what I am show ng
obviously are peptide B cell epitopes in red attached to a
wavy protein shown in black. Wat we tend to know about
t hese peptide protein conjugates is the ratio, the coupling
rati o shown on the left margin.

For each row | have shown a different ratio. 1In
the top, aratioof 3to 1l inthe mddle 2 to 1, and the
bottom1l to 1 ratio of coupling, and what | amillustrating
inthis slide is that when the ratiois 3 to 1, there are
many ways to get 3 to 1 including sone 3's, sone 4's, and
sone 2's.

Wien it is 2 to 1, if there were three main sites
that were targeted, there are still many ways to put two
peptides onto three sites. Wen it is 1 to 1, again, there
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are many ways to put one peptide onto three sites.

In fact, on this entire slide of nine possible
structures, there are only two that are actually the sane,
seven are different. So, we see quite a bit of
heterogeneity, and if we only know t he average nunber, say,
for the whole slide, which of course would be a m xture of
3's, 2's, and 1's, comng out to aratio of 2to 1, in fact,
we m ght have nine different actual nolecul ar conponents.

This is not a big problemif all the conponents
work equally. It could be a big problemif the 1's were not
i mmunogenic, if the 2's were ideal, and the 3's were
overnodi fied, for exanple. So heterogeneity is a well-known
problemthat has to be dealt with in these types of
structures.

[Slide.]

The second exanple I would like to give is called
the map peptide. What is shown on the top is a typica
i near peptide that woul d be synthesized as a nononer, but
in the second row, the dineric map occurs when the first
lysine in the structure is not blocked at its epsilon i nmuno
group, so the next grow ng chains grow off both the
al pha-i muno and the epsilon-am no, giving a branch, and
then if the synthesizer is just allowed to run, the chains
will growin parallel, form ng a dineric map.
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If we do this with two branch points, we get a
tetramer, three branch points give an octoner and so on.
Tetraneric nmaps are the ones that we see nost commonly, and
that is in the mddle of this slide.

[Slide.]

Now, I will give a specific exanple of a map.

This woul d be one way to make an Al DS vacci ne perhaps. Wat
| am showing on the top of the slide is a schematic of the
Al DS envel ope protein GP160, which of course can be broken
into GP120 and GP41, and let's say we knew that a B cel

epi tope, shown in white, nmarked B, that antibodies to that
site would neutralize the virus.

Let's say we knew a T cell epitope, marked T and
shown in black, was a good site for helper T cells, and we
m ght imagine putting those two together in a single |inear
chain of B and T, and then linking that into a map, as shown
in the mddle right of the slide. So BT map 4 neans the B
cell epitope is to the left, the T cell epitope is to the
right, and four of themare |inked together in a map.

In conparison with that, we have just the B cel
epitope on the left, where it is just the B cell map, 4 B
cell epitopes. The difference is shown in the bottom of the
slide here, versus here.

On the left, the anti bodi es, of course, nade
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against just the B cell map are very low, while the
anti bodies on the right, against the B and T map, are 100
times greater.

[Slide.]

However, nmaps, although they m ght be very
desirable from an i mmunol ogi c and functional point of view,
can in fact be quite conplex, and I will just illustrate
that in two slides quickly.

The first slide shows a nononeric peptide,
synt hesi zed corresponding to a nalaria sequence. This is a
31-nmer, and when anal yzed by nmass spec, it shows basically a
single conponent with a little bit of a side shoulder. In
conparison with that, we have a map nmade of roughly the sane
sequence. As you can see, it is an incredibly conplex
pattern.

If you |l ook at the | egend, on the nunber of peaks
the conmputer detected 16,000 peaks in this sanple, so it was
i npossible to assign a single species to this. 1In the |ast
slide | would |ike to show why we think this may happen.

[Slide.]

This is a map nore or less like the first tetraner
that | showed two slides ago. On the top you see that there
is atetramer linked in this case to four palmtic acid
residues to give it alipid tail. In the bottomis the
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point. | amshowi ng a space-filling nodel with the lipid
tail pointing down and the map part pointing up, and what |
woul d i ke you to appreciate is that it is kind of crowded
at the top, that there is a lot of potential for stearic

hi ndrance. What we think goes on with maps is that as the
four chains try to grow, chains 1 and 2 mght hinder 3 in
one step, 1 and 3 mght hinder 2 in another step, and 2 and
3 mght hinder 1 in another step. So, as a result they are
i ncredi bly heterogeneous as they grow.

So, we have a difficulty with maps in anal yzi ng
them because they are conplex, but really, that comes from
a difficulty in synthesizing themin the first place because
of the potential for stearic hindrance.

On the other hand, this is in the real world.
Maps m ght be very desirabl e because they seemto be very
pot ent i mmunogens and a very desirable way to make the
bri dge between a nice synthetic peptide against very
preci sely defined epitopes, nake the bridge of that into
sonething that is also very inmmunogenic and potent as a
vacci ne.

DR. TAYLOR The next discussion will be Bul k
Active Conpound, post-approval changes (BACPAC). There are
three speakers: Dr. Srinivasachar, Duffy, and Byrn.

Bulk Active Compound
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Post-Approval Change

DR. SRI Nl VASACHAR: Good nor ni ng.

[Slide.]

| amcurrently Chair of the CDER Drug Substance
Technical Commttee and this norning | will briefly
i ntroduce the topic of post-approval changes in the BACPAC
subst ance.

The agency has long realized that even after
approval to market a drug, industry often needs to nake
changes in the processes for manufacture of the drug, and
this is particularly true in the drug substance arena where
drugs substances which are made by synthetic sequences,

t hese sequences are constantly changed to optim ze processes
for environmental or econom c reasons.

So, there is a mechanismw thin the Agency to
address such post-approval changes.

[Slide.]

| just going to briefly give you what the current
regul ati ons are regardi ng post-approval changes. The
i ndustry has to establish with the Agency the changes and
describe the changes in full detail

[Slide.]

Currently, there are three nechanisns for filing

t he change. They can be filed by supplenents or in an
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annual report. Wthin the supplenent area, there are two

ki nds of supplenents - prior approval supplenment where the
industry inforns the Agency of the change and provi des data
to support the change prior to inplenmentation of the change,
and there is another kind of supplenent called CBE or
changes being effected suppl enent, where industry can make
t he change at the sanme tinme or even before they file a
change with the Agency.

Finally, there are certain changes which can be
made in an annual report.

[Slide.]

There are sonme details of what changes fall into
whi ch category, and 21 CFR 314.70 addresses such changes.
For the drug substance they are listed on this slide. | am
not going to go through this whole schene here. Rather,
woul d i ke to point out that for the drug substance, nost of
t he changes currently fall under the category of prior
approval suppl enents.

Also, it is inportant to note that the current
regul ati ons do not distinguish between changes made at
various steps in the synthetic sequence. It could be nade
at the beginning of the synthetic sequence or toward the
final drug substance itself.

| ndustry has voi ced concern that the current
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regul ati ons cause |l engthy delays in inplenmentation of much
needed changes and is a disincentive to making innovative
changes.

[Slide.]

In order to address these concerns, the Agency has
deci ded to devel op a gui dance docunent call ed BACPAC. This
is an acronym for bulk actives post-approval changes, and
basically, it is a consequence of the REQ initiative. The
plan here is to try to focus on areas where the regul atory
burden coul d be reduced for industry, and this guidance
docunent is going to be a guide for changes in the
manuf acture of bul k drug substances and will be addressed to
sponsors of NDAs, ANDAs, Type Il DMFs, and so on.

[Slide.]

Ri ght at the outset, | think everyone is agreed
that a gui dance of this sort should be based on sound
scientific principles, and we have basically | ooked at ways
of addressing this.

One way is, of course, |like the SUPAC docunents,
whi ch you may be famliar with for the finished dosage form
There was a research conponent to that, and a sim|lar
possibility exists also for bulk drug substances, however,
this is a very conplex area and | believe only certain
aspects can be addressed through research.
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As you have heard, we have an initiative called
t he Product Devel opnent Research Initiative, which wll try
to focus on sone areas where research is needed in support
of a guidance of this sort.

In addition to this, there was the realization
that a ot of the research work has al ready been done by
industry and that there is a |lot of data that industry
al ready has regardi ng changes in bul k drug substances.

[Slide.]

In order to address those issue, we decided to
initiate a workshop, which will be a starting point for the
gui dance docunent. An AAPS/ FDA- sponsored wor kshop was hel d
in March in Arlington

[Slide.]

The objectives of the workshop are listed here and
on the next slide, too. Basically, this workshop was
intended as a node for industry to present their experiences
on bul k drug changes and to exchange information with them

[Slide.]

The maj or sessions that were addressed at the
wor kshop are listed on this. Basically, they fall into two
categories: assessnent of changes, how i ndustry assesses
vari ous changes they intend to nmake, as well as various
types of manufacturing changes.

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

[Slide.]

A central concept that energed at this workshop
was the concept of saneness in the presence of a change, and
basically, the two criteria that are nost inportant for
determ ni ng saneness after a change are the inpurity profile
and physical properties.

[Slide.]

It was generally agreed that inpurity profiles
coul d be addressed through the various | CH gui dances that
are now available for inpurities in drug substances, as well
as residue of solvents, and also USP has recently cone up
w th another inpurities nonograph, which al so addresses this
i ssue.

So, these could be used as a basis for assessing
the inmpurity profiles. There was a general agreenent al so
that inpurity profile is inportant all across, through a
synt hetic sequence. |In other words no matter where a change
is made, one of the major consequences of that would be on
the inmpurity profile of the drug substance.

[Slide.]

Anot her very inportant aspect of the workshop was
this concept of a true solution. This is where, since nost
bul k drug substances are solids, either crystalline or
anor phous, there is a stage in the synthesis where
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everything is in solution and the final drug substances
isolated fromthat solution as a solid.

This solution point could be taken at the point
where one can separate physical properties from other
criteria like inmpurity profiles, because in solution, of
course, any nenory of previous properties is erased, so the
physi cal properties of the drug substance are determ ned by
the change that is present in the final solution, as well as
any processing that takes place after that, like mlling,
drying, and so on. So, this is an inportant concept that
energed and one that enables us to separate physical
properties frominpurity profiles, and physical properties
need not be evaluated in changes that are nmade in
internedi ates prior to the final drug substance.

[Slide.]

Sonme ot her concepts that are useful in organizing
t he docunent are listed on this overhead here, and they are
that there was general agreenent that one way of
categorizing or organi zing the docunent woul d be to consider
the step that produces the final drug substance and |unp all
the steps that cone before that, prior steps, as another
part of the docunent, in other words, separated into two
stages, early steps in the synthesis and the step that
produces the final drug substance.
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Industry felt that they nmake a | ot of changes in
the early steps of the synthesis, and this is where the
maj or i npact of the docunment is going to be, and that the
Agency shoul d address early changes in the synthetic step,
because this is where the highest volunme of chemcals is
involved, and this is where the highest reward for industry
is, as well as the lowest risk both for industry and the
Agency in terns of inpact on the final drug substance.

Finally, a decision tree approach was consi dered
to be very useful, and the docunent, it was felt, should
adopt a data-driven approach for evaluation of a change.

[Slide.]

A nore detail ed version of these concepts that |
have briefly discussed here wll be available in the
wor kshop report. | would like to caution that the report
does not represent consensus between the Agency and
industry. Rather, it is the kind of agreenent that industry
canme to between thenselves as to what issues are inportant
for the BACPAC docunent to address.

Finally, the next stage in going forward in this
gui dance docunent would be to forma core working group to
actually crack the docunent, and we have deci ded that the
wor ki ng group is going to be formed fromthe current nenbers
of the Drug Substance Comm ttee.
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Dr. Steve Byrn is going to followthis up with
sonme other details of various concepts at the workshop.

[Slide.]

DR. BYRN. FEric Duffy and |I tal ked, and we deci ded
that there wasn't enough tinme for both of us, so Eric is not
going to be speaking today. FEric is over here. | would
like to introduce him He is the Vice-Chair of the
Techni cal Commttee on Drug Substances at the Agency, and
could just as well have given this talk.

[Slide.]

| just wanted to talk briefly about this concept
of saneness that has already introduced twi ce, by Dr. Chiu
and al so Kasturi. One way to think about this question is
froman academ c perspective. A professor gives a student
two bottles of drug substance, nmade by different routes, and
they ask are these the sanme, are these substances the sane.

One thing to realize that is an issue in our field
is that saneness is not always defined by the drug substance
speci fications, because sonetines these specifications --
nmost tines -- were witten early on in the NDA process, and
may not be reflective of the actual situation. Al so,
several of the specifications are ol der, and sone people in
i ndustry, many don't want to set a | ot of specifications on

the drug substance if they don't think they are relevant to
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its performance.

Al so, the issue of saneness is sonetinmes not
defined in the nonographs, in the USP nonographs, for
exanpl e. Sonme nonographs will not address physical
properties at all, so that issue is not defined there.

Al t hough we are not sure, especially for old drug
substances, it is probably not defined in the DMF. So, nost
peopl e are thinking about saneness in ternms of 1997 net hods
of identifying saneness, not, say, 1980 nethods. This is an

issue that we are going to have to tussle with as we devel op

this.

[Slide.]

| want to briefly talk -- Kasturi tal ked about
physi cal -chem cal attributes -- | want to briefly tal k about

inpurities because as new drug substances are nade, nmaybe by
different routes, for exanple, because there are patents on
a given route, so a generic conpany may not be able to
follow that route or a drug supplier, so they mght follow a
different route.

We are going to be introducing new inpurities, but
not above the tenth of a percent level. This whole issue of
inpurities is an inportant one, and this is sonething that
the commttee does need to realize is, as BACPAC proceeds,
we are going to be introducing new inpurities.
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The | evel that has been taken, as Kasturi said, is
the level fromthe ICH no new inpurities greater than a
tenth of a percent. This issue is sonething that a | ot of
peopl e are concerned about and was rai sed yesterday by Dr.
Wal kes.

[Slide.]

This is a flow chart that we wote to sort of
signify how the commttee and the conference, the BACPAC
conference was thinking about dealing with the issue, and |
know it is relatively small, and I amjust going to read
through this and sort of try to give you a picture of how we
are thinking about this whole process.

We want to nake a change in sonmething to do with
maki ng the drug substance. It can be a process, it could be
nodern equi pnent that is nore energy efficient. It could be
we want to nove to a new site, we are going to nove our
manufacturing to a new site, or we may want to change one of
the steps that is dangerous or has environnmental problens.

The first question that we ask is this an early
step in the drug synthesis or the last step. An early step,
as Kasturi said, is where nost of the noney is spent because
a typical drug synthesis nay be five steps, and you start
with a large quantity at the start and then at each step you

| ose sone of it along the way. At the end, you nmay have a
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smal |l quantity. So, nost of the chem stry is done in the
early step and nost of the expense.

So if it is an early or md-step, then, the first
thing you ask about is the inpurity profile, does it have an
equi val ent or better inpurity profile. If the answer is
yes, a change at this point would be of |low concern and this
is sinply an idea, this is not agreed on at all, and as
Kasturi pointed out, that would go in the annual report.

If it does not have an equivalent or a better
inmpurity profile, then, we ask does the inpurity carry
through to the final drug substance. There is a chance that
inmpurities early on will be carried through. They are
m nimzed, but there is a chance. This illustrates our
concern with inpurities. |If it is not carried through, that
means you have very good purification processes, then,
again, it is lowconcern. |If it is carried through, then,
there is high concern and there would be a I ot of concern
and many conpani es woul d not even contenpl ate doi ng such a
change unless it was absolutely necessary.

Now, you go over here to the last step, then, you
first check the inpurity profile. If it is not the sane, it
is of high concern and further work. If it is the sane,
then, you deal with the physical properties, the flow, the

el ectrostatic properties. |If they are the sanme, then, the
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whol e change has | ow concern. [|f they are not the sane,
there is high concern.

Let me just conclude with one | ast issue, which is
this issue of use test. There is a major controversy anpng
scientists in the field as to whether, if you go through
this whole flow chart, everything is the sane. The student
says these two substances are the sane. Do we need to do a
use test? That would nean make it into drug product, and do
we need to, for exanple, do a stability study on it to see
if that product is stable.

The anal ytical chem sts are saying no, it is the
sane thing. The fornulation scientists are saying yes, we
don't really know whether it is the sanme unless we nmake it
into drug product and test it further.

Most | arge conpanies said they would -- even
t hough it canme all the way through, even if we changed al
the regul ations to say annual report -- nost |arge conpanies
said they would do a use test to protect thenselves from any
potential recall issues.

The concern woul d be maybe with smal |l er conpanies
or conpanies that aren't as well devel oped, whether that
woul d happen in those environnments. So, this whole area of
use test is another area that we are going to be working out

inthis area. Probably I should stop.
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DR. TAYLOR  Thank you.

You have heard the discussion of the chem stry,
manuf acturing, and controls topic. Tinme now has cone for
requests for any open public discussion of these issues.

Open Public Hearing

We had no requests prior to this neeting for
di scussion of these topics, but if there are individuals in
t he audi ence that would like to discuss them nowis the
time to do that.

[ No response. ]

DR. TAYLOR If not we wll nove on to the
di scussion of the issues by the commttee.

Committee Discussion

Are there any discussions by the conmttee? Yes,
Dr. Zi nmrer man.

DR ZI MVERMAN: | had a question. | guess it
woul d be for Dr. Moore. Howis it determned that a
bi ot echnol ogy product will conme to CDER rat her than CBER?

DR. MOORE: There is an intercenter agreenent
devel oped between CBER and CDER in which it was agreed upon
whi ch cl asses of drugs woul d be regul ated by CDER and which
woul d be regul ated by CBER  Basically, CDER regul ates
organi ¢ synthesi zed drug products, hornones, and

anti biotics, whereas, CBER regul ates bl ood products,
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vacci nes, nonocl onal antibodies as therapeutics, et cetera.

DR ZIMVERMAN: It is ny understanding that the
profile of the scientists at the two different agencies are
quite different, and sone of the issues that would normally
be handl ed in CDER cone up in CBER, but are not handl ed the
way they woul d be handl ed over here.

| have heard concerns expressed fromny coll eagues
in industry that the reviews are not handled in the sane
way. There are issues that are not handled in CBER that
woul d be handl ed in CDER, and because the product goes to
CBER, they are not being handled the way they think they
should be handled in if they had been in CODER Am | clear?

DR. MOORE: | know that in this past year, there
has been great effort devoted to harnonization of the way
t hat CDER and CBER review and inspect the manufacturers that
produce certain products which we call the well-defined
bi ot echnol ogy products.

Now, outside that area, yes, there are great
di fferences, of course, there has to be because those are
traditional biologicals as conpared to drugs as CDER handl es
t hem

DR. TAYLOR Dr. WIIians.

DR. ROGER WLLIAMS: Dr. Taylor, | would say one

of the people in the audi ence who has had a | ot of
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experience wth this attenpt at harnoni zati on between the
two centers in dealing wth these products is Dr. Chiu, and
if she would be willing, naybe she could give a brief update
on that status.

DR CH U In the past, the industry perceived
there is a difference between CBER and CDER to approach by
technol ogy product regulatorily or admnistratively, and
occasionally scientifically, but I wll say scientifically
even in the past, the two centers actually treat themquite
t he sane.

Because of the differences in admnistrative and
regul atory, it was the Agency's great effort to bring the
two centers into harnony. |If we want to harnonize
internationally, we nust harnonize within Agency.

So, in 1994, under Vice President Gore, REGO, the
topic was to nmake the biotech product to be consistent in
the two centers. So, | was involved in that project and |
wor ked with CBER, and we have actually, in 1994, issued a
series of docunents, guidance docunents, also revision of
regul ations, so now | would say for well-characterized in
CBER, they call the specified product, which includes
t herapeutic, reconbi nant DNA product, we are nore or |ess
t he sane.

For exanple, in the past, the biotech product in
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CBER was certified, so it was licensed. Therefore, every
batch of the product need to be submtted to CBER for
certification before it can be released. The batch process
was deleted. It is no |onger there anynore.

The nost inportant areas we harnoni ze are two.
One, we work on the prior subm ssions, so-called the filing
requi renents, we issue a docunent called the content and
format for submtting docunentations for biotech products,
and that content and format is the content and format of an
NDA for biol ogical drugs.

So, therefore, both CBER and CDER use the sane
content in the format now The second thing is we are
trying to harnoni ze post-approval changes, manufacturing
changes beyond the stage of post-approval. W have proposed
regul ations last year. |In the past, for biological biotech
products, for changes require always prior approval
subm ssion, and the proposal now would be also, as Dr. Moore
stated earlier, it would be three tiers.

Certain changes woul d require prior approval,
certain changes woul d be changes being effected, and then
certain changes will be annual report, which would bring
CBER s biotech products in line wwth CDER s biotech drugs.

So those two areas actually plus the
certification, so the three areas, the major difference is
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now or will be harnoni zed.

DR. TAYLOR Dr. Vestal.

DR. VESTAL: | think this question may be nore
directed to Dr. Wllians. | amjust alittle confused as to
how t he biotechnology fits into the overall structure that
you presented yesterday.

| notice, for exanple, there is no specific
desi gnation for biotechnol ogy. Say, for exanple, under the
Ofice of New Drug Chem stry -- and | think this follows up
maybe a little bit to sonme di scussion yesterday -- is there
any plan to create a separate place for biotechnology within
t he organi zational structure?

DR. ROGER W LLIAMS: In ternms of science and
policy, I would say we are handling it via CMCC and the
Bi ot echnol ogy Technical Commttee that Dr. More heads. As
you can see, we are reaching out to CBER and we are
delighted to have people |ike Dr. Berkower help us to cone
t o common approaches.

WIIl there ever be a special review division for
bi ot echnol ogy products? | would tend to say no, although
think many of themare reviewed in 510, just because they
are hornones, which is where Dr. Sobel is. As a matter of
fact, Dr. Moore works there, and | think Chien-hua, you work

there, and Dr. Chiu worked there, too, before she becane
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Deputy Director in the Ofice of New Drug Chem stry.

DR. TAYLOR  Dr. Edeki.

DR. EDEKI: | just have a quick question about
sone of the biologic products that were presented earlier
on. The human gl ucocerebrosi dase anal ogue for treating
Gaucher's disease, just a point of clarification, is that an
orphan drug? M guess is it probably is.

A followup question is do you tend to review them
differently just by any chance? | don't think there are
very many patients with Gaucher's di sease.

DR. MOORE: That is right, there is not that many,
and it is an orphan drug, however, we do not change our
approach in review of the Chem stry section just because it
is an orphan drug. W apply the sanme stringent criteria.
For exanple, for this drug, the characterization of the cel
banks i n Chinese hanster ovary was extrenely stringent and
t hor ough, and the in-process controls for this very conpl ex
drug are very thorough and conplete, and along with the
final specifications and tests and stability, et cetera, for
this drug, they were treated no different than we woul d
treat an anal ogous drug that was for w despread use by
patients.

DR. TAYLOR Dr. Branch.

DR. BRANCH: Coul d you maybe respond to why it
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cane to CDER? It stands out as being the one product that
it is hard to identify as a hornone, it is a very
conplicated product. |Is there a reason? There has to be an
underlying reason why it cane to you rather than going to
CBER

DR. MOORE: There is a reason. The previous drug,
which is made from human pl acenta, nade by the sanme conpany,
call ed Ceredase, was originally in our division before the
intercenter agreenent, and al so animal drugs are al so
i ncl uded.

DR CHIU | will clarify that. Based on the
intercenter agreenent, it doesn't matter what kind of
product, if it is derived from human source or derived from
animal s, they are drugs, they are not bi ol ogics.

Oiginally, Ceredase was derived from human
pl acentas, therefore, it was a drug and regul ated by Center
for Drugs. Then, later on it changed the manufacturing
process, and it becone a reconbi nant product, so it stayed
in the sane pl ace.

Thi s happened before the intercenter agreenent was
signed. If you want to say in CBER, erythropoietinis a
hormone, however, it is regulated in CBER and not in CDER
al t hough the agreenment said that hornone should be in CDER

t hat product was regulated in CBER before the agreenent was
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signed. So, once the agreenent was signed, we deci ded not
to swap, keep where it is.

DR. TAYLOR Dr. Brazeau.

DR. BRAZEAU: | would like to address what | think
could be potentially a very inportant scientific problem
We have heard about the characterization of purified peptide
substances and how they would do that with respect to
I mmunoassay sequence, and then | ook at the purity or
inmpurity profile.

What | think needs to be done in these guidances
or whenever things are devel oped, is that not only do you
have to look at the purity and purity profile of the
purified peptide, but you had better do the sane thing in
the final product, because these final products are going to
be in different buffers, different pHs, and | amafraid if
these aren't well characterized by the initial manufacturer
that you wll have the Premarin story tinme and tinme again,
that you will have the issue of when you put this purified
peptide that have an inpurity and it interacts with sone
ot her vehicle, you m ght get sonething different, and then
when they go to characterize it, this conpany, the origina
manufacturer will say, listen, we have got this peak, the
new conpany doesn't have this peak, we don't knowif it is
active, but we are going to see the sane story tine and tine

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

agai n.

So, | think when you go and | ook at these peptides
and proteins, you have to characterize, not only the
purified peptide, but you had better well ook at howit is
going to interact in the vehicle, because nost of these are
going to have to be placed in sone type of vehicle that may
have a different type of excipients, and that is going to be
a very critical question to address.

The second thing | wanted to ask Dr. Mbore was,
when he was tal ki ng about devel opi ng sone of these gui dances
wi th the Biotechnol ogy Technical Commttee, will he follow
the same procedure of having a panel of expert w tnesses?

It sounded |ike there would be sone di scussion back and
forth between the working groups and the Techni cal
Commttee, but will these gui dances al so involved techni cal
wor ki ng groups?

DR. TAYLOR  Who would like to respond to the
first question?

DR NIU  The peptide, when it is a finished
synthesis, there is a lot of inpurity in there, sone
inmpurity, it is quite a large anount in the final purified
pepti de, however, because the peptide is a very |long organic
conpound, |ong-chain peptide, and sonetines it is very
difficult to either isolate and identify, and even though
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you have i mmunoassay anal yzed in the mass spec, and you

m ght be able to figure it out, however, right now in our
commttee, we try to decide what is the percentage of the
pepti de we have to characterize, and what is the percentage
we don't need to characteri ze.

So, this is going to be determ ned in our worKking
group, and into the drug product -- because this is inpurity
-- so we have to |look very carefully in the drug substance
itself, because it already formed the products, then, the
inmpurity is already there.

So, the first docunent we are going to revise,
that is the synthetic drug substance, that is a docunent.
Before, we never intend to see what is the restriction of
the inmpurity in the peptide itself, but right now we are
going to address this issue.

DR. BRAZEAU. | think you are going to have to be
very cautious and nmake sure that you do know what exactly
these inpurities are, because | think, as our analytical
techni ques get nore sensitive, and our biological assays get
better, we could find that these small inpurities could have
sone activities, and then you are going to be faced with
again, as | said, the Premarin story perhaps tine and tine
agai n.

DR NIU R ght now we have an issue about whet her
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we should do the biological activity test, and also the
toxicity test, and before they put into the nmarket.

DR. BRAZEAU. | think you absolutely have to be
able to know, when we start tal king about the very simlar
antibiotics, what is the nore critical issue, is it the
activity or is it the concentration of that particular
peptide and protein? | would argue that you had better make
sure that the activity is exactly as you expected, that you
are going to have to be very rigorous on the biol ogical
activity. | think that is going to give you sonme good signs
in addition to the other purely physical -chem cal
characteristics.

DR. TAYLOR Dr. Vestal.

DR. VESTAL: Just kind of a followup. | just
wanted to ask you, in these synthetic processes that are
associated with the production of sonme inpurities that you
can't get rid of, is it such that the production of the
inpurities is reproducible? In other words, frombatch to
batch, do you get the sanme quantity of inpurities in the
sane profil e?

DR. NIU. The nost likely, if you use the sane
manuf acturing process, that neans that you use, for exanple,
use a solid-phase synthesis, and with the sanme coupling

reagent, the inpurity profile may be the sane, but if you
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change that coupling reagent, and different protectant
group, such like an F mark conpared with a T bar, it maybe
have a different inpurity profile. So, this depend upon
your manufacturing process.

DR. VESTAL: Ckay.

DR. BRAZEAU. | want to follow up on that, too.
If you look at the purified peptide in the solid state,
isn't it also inportant to look at it if it is going to be
inaliquid state, and see how those characteristics change,
because sonme of these proteins act differently in solid
versus a liquid state.

DR. NIU.  The sol ution-phase nethod and the
sol i d- phase nethod, synthesis are quite different.

DR. BRAZEAU. | amtal ki ng about when you are
characterizing these.

DR NIU  Characterize, in the solution, and |
think in the solid state and in the solution phase, in the
solution, the inpurities should be the sane. There is no
difference in the solid or in the solution.

DR. BRAZEAU. Wuld it be useful to have us do
sonme CD on sone of these proteins?

DR. NIU. Because then the short synthetic
peptide, the confirmation usually is random then, the CD

probably will tell you whether that is a short peptide, have
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some kind of confirmation.

DR. BRAZEAU: | think that is critical to have
because confirmation is how proteins and pepti des worKk.

DR NIU  Peptide may not -- because when they
reach the binding through the assay or receptors, the
confirmation may not be the sanme as your CD run for the
confirmation.

DR. BRAZEAU. But can you nmake the assunption that
if you run the CD and it has the same confirmation with the
CD fromtime to tine, that it should therefore act the sane
when it goes to the receptor?

DR NIU. Yes. The CD will give you a ball park of
that confirmation, but for the snmall, |inear peptide, the
confirmation may be dom nated by the random confirmation

DR. BRAZEAU. | would just proceed with caution.

DR NIU.  Yes, | know, but you can do the CD
study, but whether that is the nost inportant character of
that short peptide --

DR. BRAZEAU. Well, | amnot saying you do that
only, but | think you do that in addition to what you have
got here. | think you need to | ook at that purified peptide
in both a solid and in a liquid state. | think that is
going to be critical

DR NIU. In the solid, it is very difficult to do
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the CD unless you put in them-- that is a nenbrane, other
type of things, and it is very difficult to do the CD for
this type of things.

DR. TAYLOR There was a second issue.

DR. BRAZEAU. The second issue was a sinple
question. The Biotechnol ogy Technical Commttee, when they
are devel opi ng these guidances, | didn't hear in the
presentation if they are going to be utilizing expert
commnttees. WII| that follow the simlar process to what we
heard about yesterday, about using expert commttees and
hel ping to provide sonme recommendati ons for these gui dances?

DR. MOORE: Qur working groups, the nenbers are
carefully chosen. These are our in-house experts in these
areas to devel op these gui dance docunents. After the
wor ki ng group devel ops a docunent, then, it is sent to the
subconm ttee under the CMC CC.

The process for the Biotechnol ogy Commttee is not
different than any of the other commttees, such as Drug
Product, Drug Substance, Packaging, et cetera.

DR. TAYLOR Dr. WIIians.

DR. ROGER W LLI AMS: W haven't discussed this
internally, but I think it is a good question, but what |
could imagine, as this synthetic peptides working group
moves down the path, we mght bring it to this conmttee for
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a public discussion, say, in the fall or spring dependi ng on
their tineline, and sonetines in the advisory commttee, as
you know, we can suppl enent the nenbership with an expert
who can add sone further thoughts. You know, we can talk
about this as we nove down the path. | think it is a good
suggesti on.

DR. TAYLOR  Dr. Zi nmernan.

DR ZI MVERMAN: |t appears that the biotechnol ogy
products cone to the Ofice of New Drug Chem stry for
review. Does the Ofice of Cinical Pharmacol ogy and
Bi opharm are they involved in the review, as well?

DR CH U Yes. They are involved in the
eval uation of bioavailability and pharnmacoki netics,
phar macodynam cs.

DR ZIMVERVMAN: |s there a simlar kind of office
in CBER for clinical pharnmacol ogy and bi opharmaceuti cs?

DR CH U No, | don't think so. Maybe Ira can
answer that better. |In CBER, they have an Ofice of
Ther apeutics, which regul ate nost of the biotech products,
but under there, | think they have a O inical Pharnacol ogy.

DR. BERKONER  Actually, | don't know. | amin
Vacci nes, but as was nentioned, the Ofice of Therapeutics
is trying to, in many ways, operate in a nore CDER-Ii ke
fashion, and they do have an Ofice of Cinical Trials.
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| would actually like to try and tackl e sonething
that you raised earlier, which is some of the differences
bet ween CBER and CDER. My under st andi ng besides that there
is nmore than history as to whether a drug goes to Biologics
or not, and we tend to focus a lot nore on the process, not
just the final product, and we have -- | think we focus a
lot on lot-to-lot, lot releasing, and the process, that the
process shoul d be managed carefully, so that the final
product doesn't vary in ways that we don't actually know.

Al so, lastly, we have kind of a phil osophy of |ot
rel ease testing, that what |ot release testing does for us,
besi des sort of getting the definitive chem cal
characterization of the product, is also basically to
predict failures, that we have set up a whole series of
early warning signs, that if any of those are wong, that
m ght predict performance or |ack of performance.

So, | think there is alittle bit of a difference
of philosophy, and | think that the result of that is, is
that some products very much, very clearly should be
subj ected to that kind of review and regul ation, and then
there are sone that you have been di scussing here that are
nmore or less in the gray zone, and there are others that are
clearly defined chemcal entities and clearly belong in

drugs.
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The gray zone ones | think are the ones that
peopl e conpl ain about. The exanple of things that are
clearly related to process are sone of the things that are
very much related to the establishnment of the Center for
Bi ol ogi cs.

For exanple, in the area of vaccines, when there
is a killed vaccine, to make absolutely certain that the
process kills every last one. So, we really do focus on the
process, and in the history of our center, failures of that
type were really very, very inportant.

Anot her exanple would be in the case of a live
vaccine, you can't do anything to kill the live vector, and
it was grown in a cell line, and you certainly hope that the
cell Iine wasn't grow ng sonething el se al ongsi de at the
sanme time, and, of course, there have been exanpl es where
t hat happened.

So, we very nuch focus on the process, and we
al so, as | say, set up these early warning signals that
per haps sonething is not as it should be and that this woul d
predi ct either safety problens or efficacy problens inits
actual use.

So, just to sumup, it seens to ne there are sone
products that are very CBER-like, and | would say the
all-tinme classic is a unit of blood which has zillions of
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proteins, has the red cells that are supposed to carry
oxygen, and it may have every virus known to man plus the
ones we don't know. The processes are an early warning
si gn.

DR, ZI MVERMAN: | understand what you are talking
about when you tal k about vaccines and bl ood, and those
ki nds of issues, but | am nore concerned about the
t herapeutic agents that are the products of reconbi nant
technol ogy, and even if the process is precisely controlled
and you get your final product, it has to be evaluated in
peopl e, and I would guess that these reconbi nant products
from a pharnacoki netics standpoint are extrenely variable in
humans.

The question is whether -- and I am i gnorant about
this -- what kind of testing or pharmacokinetics and
phar maceutics and bi opharm and all those kinds of things,
who oversees that for these kinds of products?

DR BERKOAER | will try to answer that. There
is adinical Trials group that has been set up in
Therapeutics to address these very questions. That is
actually all | know about the answer to that part, but |
woul d i ke to give an exanpl e.

I n Vacci nes, the pharnmacokinetics and

phar macodynam cs are not very well understood. How |ong
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does a vaccine have to stay in your nuscle to elicit

anti bodi es? Are sinple concepts, relatively sinple
concepts, |like the peak and the area under the curve, do
they apply to vaccines, and is that the key thing to keep
your eye on in terns of what will elicit good anti bodi es and
good cellular immunity?

We really don't know the answer to those things.
An exanple of the thing we don't know is what is the neaning
of the | owest dose that wll elicit antibodies. | couldn't
tell you that today.

So, we focus on the things that we do understand.
The pharmacoki netics m ght not be a good way to judge if two
t hi ngs are conparable, for exanple, because we don't know if
that is really critical to the final result.

DR ZI MVERVAN:  But shoul dn't we know t hat ?
mean isn't that what we need to know?

DR. BERKOAER: ~ Shoul dn't we know that?

DR ZI MVERVAN.  Yes.

DR. BERKONER: Onh, yes, we should know t hat.

DR ZIMVERVAN: | will tell you nmy bias here, and
that is that again nmy industry friends have told ne that in
CBER, there are no pharmaceutical scientists, you know, the
way that | would describe nyself as a pharnaceuti cal

scientist, a pharmacokineticist, a drug netabolismtype
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person, and that these kinds of issues are given short
shrift over there, and there is concern with the devel opnent
of therapeutic agents by reconbi nant technol ogy that they
are not being evaluated in the way that a pharnaceutica
scientist would think that they woul d need to be.

Again, this is all sort of anecdotal and hearsay
fromny standpoint, but | amjust trying to get at a good
under st andi ng of how things are handl ed.

DR. CHIU | wwuld like to clarify that. | don't
think that is quite true. For exanple, | understood -- |ike
TPA, which sort of characterize the biotech product, now I
know t hat CBER has taken a very serious | ook at the PK/ PD
because during the manufacturing change of TPA, and the
chain was broken, so it becone a two-chain product, and then
it has a different pharmaceutical kinetics profile.

For CBER actually notice of that, and then nade
it, went out to the conpany, and then took action on it
because of the changes of PK/PD. A simlar thing was
happening to erythropoietin, a different conpany nade a
product and it has different in vivo profile, so they do
| ook at those things.

They may not have so-call ed designated
pharmaceutical scientists, but their reviewers do | ook at
the PK/ PD bioavailability issues.
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DR. TAYLOR | think we have brought those issues
to your attention. | think you just have to respond to them
as we don't have any docunentation, so | think to continue
to pursue that mght be -- yes, Dr. Brazeau.

DR. BRAZEAU. | would |like to ask, at CBER or
CDER, who is responsible for characterization of things |ike
t he adj uvants which are used in vaccines, because it is ny
under st andi ng that these adjuvants can be quite varied and
can certainly inpact upon the effectiveness of a vaccine.

So, | was wondering where that is handl ed and what is being
done al ong that avenue.

DR. BERKOVER: Well, we do adjuvants in ny place.
A comon criticismof CBER is that we have a grand total of

one approved adjuvant, which is alum and |I would say, first

of all, we have the accunul ated wi sdom of many, many years
of using alum but on the other hand, we don't -- in the
sense that you were saying before, Dr. Zimerman -- we

really don't understand even the one that we have that well.
For exanple, sone conpanies like to fornulate the

protein inside the alum and sone like to fornmulate it on

the surface of the alum \Wiich is better? | really don't
know. | put it on the inside of the alum nyself.

| think a bigger issue, though -- | don't nean to
trivialize this at all -- is in devel opi ng new adj uvants,
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how do we go about that. The approach that we have, as |
understand it, is we have i munol ogi sts who are actively
engaged in the field, who are very open to consider new

adj uvant s.

We have a big problemin vaccines. | would |ike
to give the exanple of the AIDS epidemc, but there are many
other diseases in this world where, if we could enhance
adj uvant effects, it would make a trenendous difference, and
we very much encourage devel opnent of adjuvants, and we are
st udyi ng adj uvants.

At the current time, in the Center for Biologics,
in the Ofice of Vaccines, in the division that I amin,
which is called the Division of Allogeneic Products, we do
have bi ophysi cists studying the physical and chem cal
properties of alum and ot her adjuvants.

DR. BRAZEAU. | guess | m ght suggest that as you
read the literature on nanoparticles and nanospheres, and
all those different types, many of those are thensel ves,
when a vaccine is fornulated in them seemto have sone good
adj uvant properties thenselves, they seemto be able to
stinmulate, and I would think that a working group conbi ned
of both individuals from CBER and CDER | ooki ng at sone of
the adjuvants that are being used and bei ng proposed in the
literature would help to provide you at | east with what
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m ght be com ng down the pike, because | really do think
that alumcertainly has been our old standard, but there are
nmore out there that are seem ng to becone useful

These are people fromthe biotech conpani es that
know a | ot about that.

DR. BERKONER: W are very interested in having
new adj uvants bei ng devel oped, to be devel oped, and --

DR. BRAZEAU. Well, these aren't adjuvants, these
are the dosage forns thensel ves. These are when we put sone
vaccines in, ny reading is putting sonme vaccines in
nanospheres, nanospheres thensel ves, or nanoparticles,
actually provide the -- the dosage formactually provides
the adjuvant, so if you start dealing with dosage form
t hen, you have got a nmuch nore conpl ex system here.

DR. TAYLOR Dr. WIIians.

DR. ROGER WLLIAMS: | think in fairness to Dr.
Ber kower and probably so his center managenent doesn't have
a heart attack when they see this transcript of this
nmeeting, the reality is CDER has nothing to do with
vaccines, and | actually amdelighted, for one, to say that,
because they are so conplicated, they kind of violate ny
notions of what a small nol ecul e shoul d be doi ng.

| think you got a sense from Dr. Berkower that

sonetinmes the nessier these things are, the better they are

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

internms of a product. But | would Iike to perhaps bring
this commttee to | think issues that we will be struggling
with in the future, and | think Dr. Brazeau addressed sone
of them

| think we are struggling with the issue, as
al ways, of saneness. One of the questions connected with
that is sonething we call characterization, can you
adequately characteri ze these drugs, or is there sonething
about them so that the process controls the product.

Now, that is a very inportant branch point in ny
m nd, because if you say the process controls the product,
first of all, I think you forestall generic substitution,
you rmake it very difficult unless that process becones
wi dely known, which is very unlikely. 1t obviously would be
a closely held secret by the innovator.

Second of all, you make it very difficult, then,
for the innovator to change anything, you know, and |I don't
know if it is apocryphal, but sonebody told ne once that Dr.
Kessl er got very angry because sonebody said in CBER that if
they wanted to nove a refrigerator, they had to file a
supplenment. | don't know if that is true, but it was sone
of those statenents that led to the REG initiative and the
ki nd of push fromon high in our agency to bring CDER and
CBER cl oser together in terns of what we do.
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So, | think that issue of characterization versus
process is a critical one, and | have seen -- a lot of ny
understanding is naive conpared to these experts -- but |

have seen novenent over the |last several years with inproved
anal yti cal nethodol ogy and better techni ques that for many
of these things you can adequately characterize them and |

t hi nk there have been workshops to that effect, et cetera,

et cetera.

So, to nme that is aterrific hurdle, and if nobody
mnds -- | forbade nyself the use of the P word, the
Premarin word -- but one of the issues with Premarin is
could it be adequately characterized, and | think our
feeling is -- and please correct ne -- that nmaybe it not now
adequately characterized, but it could be adequately
characteri zed.

DR CHU It wuld take a long tinme to
characterize every conponent in Premarin, because there is
just so many of them However, | think Dr. Wodcock's
menor andum di d not say it nust be characterized. She said
if the conposition is conparable, if the generic conpany
make their product fromthe natural source, if the
conposition is conparable, then it could be considered the
sanme, but the conposition doesn't nean you have to identify
every conponent, you have to know the structure, give it an
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name. You have simlar profiles.

DR. ROGER W LLIAMS: So, if | can continue, | wll
be done in just a second. That issue we still have to
struggle with, with Premarin, and | think what Dr. Chiu was
alluding to was the possibility that you could conpare
chromat ograns as a way of assuring conparability w thout
actually identifying each little peak on the chronmat ogram

That is a very interesting thought. | don't think
we do that too often in COER W tend to say here is the
active noiety which can be conpletely characteri zed.

Once you get past that branch point of, say,
process versus characterization, if you wll, then, | would
say you get into the issue of what are the active
i ngredients versus what are the inpurities.

Again, Dr. Brazeau brought that to our attention
| think that is a very critical question. Now, | would
argue that the new drug process in CDER typically identifies
the active noiety and the active ingredient. | nean to ne
that is what in sone ways the new drug process is all about.

The idea then via the application and the USP
nmonogr aph, you control the quality of that active ingredient
and try to mnimze inpurities. | think we all think
inpurities are things you don't want to be there, and the

t hought of putting a | ower bound on an inpurity kind of
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irritates ne, | have to say, because it sort of says it has
to be there.

Well, if it has to be there, is it contributing to
the activity? These are all very deep, difficult questions.
Now, | would argue -- and you saw fromthe presentation this
norning that we are going to try to tackle these issues by
drug substance class in the real mof biotechnol ogy, starting
wi th synthetic peptides and noving down the |ist that you
saw.

O course, as we nove down the list, it is going
to becone nore and nore difficult. Getting back to what Dr.
Branch said, if this coomttee wants to have what it does
over the next several years, | think these discussions wll
come up tinme and again.

| will just conclude by saying this. It would al
be wonderful if it were just science, but our regulatory
structure creates via Hatch-Waxman and the O phan Drug Act
the possibility of three-, five- and seven-year exclusivity,
whi ch i mmedi ately intrudes the challenge, and | nust even
say the hysteria, of econom c considerations into it, which
| think tend to cloud the issues and nake it nmuch nore
difficult to come to a science judgnent.

DR. TAYLOR Dr. Branch.

DR. BRANCH | think you very nicely posed an
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i ssue. The question | would have is given that the
scientific base is changing, and changing rapidly, and that
you have taken the scientific principle as being
under pi nning the regulatory authority, how do you actually
keep the science base internally running contenporally? The
difficulty comes in, for exanple, of the specificity of the
actual noiety versus its biological activity.

Vaccines isn't in your area, but | thought it was
an excellent illustration of some of the conplexities that
have taken place when you get to nore conplicated nol ecul es
where you are not going to have a pure, single entity that
is being put into sonebody.

At the end of the day, it is a biological response
that you are trying to elicit froma patient, so how does
t he Agency nanage to keep itself contenporary wth science

IS ny question.

DR. ROGER WLLIAMS: | would encourage these
fellows, too, but I mght say sone of it -- | think it is
mul tifactorial -- sone of it is here, it happens in this

kind of advisory commttee neeting. Sone of it is via the
wor ki ng groups and the technical commttees to get key
experts fromboth centers together, and I amdelighted to
see the way the Synthetic Peptides Wrking Goup has forned
itself, because there is a real synergismof thinking and
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under st andi ng.

| think that collaborative enterprises that | keep
tal ki ng about are a way of doing that, and, of course, there
are many ot her ways, professional societies, public
wor kshops. But it is a key question, and | would argue that
if you -- you know, in ny mnd, the basic thing to do is
kind of figure out what is your question that you are trying
to answer in any given circunstance, and then let the
sci ence address that question as best it can.

Now, that is why | positioned this whole debate in
terms of pharmaceutical equivalence, and it is very simlar
to the debate you heard for the small nolecule from Dr.
Srinivasachar and Dr. Duffy and Dr. Byrn. It conceptually
isn't different. You are trying to say do you have the sane
nmol ecul e after a set of changes.

O course, the science chall enge becones just much
nor e cunbersome when you are dealing with a biotechnol ogy
product. If | can just take one nore second, | mght say we
rarely say that for a small nol ecule you would have to do a
clinical study to say that it still has the sane activity.
| nmean that is one of the triunphs of the 20th century, if
you will, that you can conpletely characterize this smnal
nol ecul e.

When you get to pharmaceutical equival ence,
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t hough, and these nore conpl ex nol ecul es, you do begin to
ask questions |like does it have the sane ani mal PK/ PD, the
same human PK/ PD, the sanme clinical safety and efficacy, and
it has been fascinating to ne that those sane approaches you
use to ask the bioequival ence question for the drug product,
you can use to ask the pharnmaceutical equival ence question
for the drug substance, and | don't want to scare anybody,
but I think the question of netrics and statistics conmes in
here, and | even raise the dread word individual equival ence
because in some ways | think this is a switchability
question, not for the drug product, but for the drug
subst ance.

| watched Marie's face turn pale when | said that,
but I think it mght be a great debating point for the
commttee at sonme point in tinme.

DR. TAYLOR Let nme just add, as | listen to this
di scussion, of making sure -- and | am sure the Agency
considers this, and | heard this in your response, Dr.
Wllians -- of sonme bal ance between, as we get out on that
bi ot echnol ogy |inb, of characterization and active product
versus getting product to people who need it, and | think we
have to be aware of that, and as pharnaceutical scientists
or pharmacol ogi sts in academ a, we may want to go to the nth
degree to prove our point in terns of what is the active
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ingredient, but | think there is a practical side of it, as
well, in ternms of not only cost, but continued devel opnent
in the industry to make sure we have products |ike that.

So, | wouldn't want to rush to a | ot of
reductionist kind of work trying to get to the active
product in some of these new products. That will conme as we
evol ve, but | think the practical side has to be considered,
getting product to people who need it.

DR. WALKES: | think that is true, but | think
that we need to be sure that we are providing safe products.

DR. TAYLOR | amnot saying it is not safe, but I
mean |like the Premarin issue, if we had to try to
characterize Premarin, Premarin has been used for how | ong
now, 30, 40 years, it is safe.

DR. WALKES: Well, that is true.

DR. TAYLOR We may never know what the active
ingredients of that is.

DR. WALKES: But during the discussion this
norni ng, we are tal king about entities that we can't put a
finger on and characterize specifically. WMybe the
chr onogr aphi ¢ studi es woul d hel p, because that may show sone
simlarities, but as a clinician, you want to know that if
you give sonething, you have a certain anmount of surety that

you are going to get the response that you are trying to

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

get.
So, what | amhearing is that is going to be very

vari abl e, and we need to know that. W need to know that as

we use the product, we may not get -- the hepatitis B
vacci nation series, | nmean sone people don't devel op
anti bodies, well, now | know why, because we really don't

know how much it takes for that to happen in everybody.

DR. TAYLOR | am not suggesting that safety is
conprom sed. | amjust suggesting that, as technol ogy
devel ops, that we | ook at the practical side of why we are
here, which is to provide safe, effective drugs.

DR. GONZALEZ: | would like to raise a question to
the Agency and to Dr. WIIlianms, because it takes off on what
Dr. Branch nentioned, about scientists and | guess what we
are hearing for the past two days, the growh in the
t echnol ogi cal devel opnent, and that has to do with the
macr onol ecul es. There is conpanies in Europe, | know of one
devel opi ng oral vaccine, oral insulins, oral calcitonin
preparations, and when that conmes abroad for us in this
country to begin to evaluate, howis the Agency going to
| ook at these macronol ecul e fornul ati ons, are we preparing
ahead of tine to be proactive rather than reactive in the
chal | enge when soneone tries to market an oral vaccine

agai nst pneunococcus or H flu, and we have to conpare that
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to a standard which we have in this country, but it is
par ent er al

DR. ROGER WLLIAMS: | really can't comrent on
vacci nes.

DR. GONZALEZ: Let nme try, then, oral insulin or
oral calcitonin preparations, which are being devel oped.

Ri ght now there are two studies ongoing with oral calcitonin
for osteoporosis, and not in this country that | was aware
of, I am aware of the studi es ongoing in Europe.

DR CH U Let ne try because we did have an
exanpl e in DDVAP, have vasopressin, which was an injectable
drug, and a few years ago we had oral tablets, so the Agency
does have scientists to have knowl edge to eval uate different
formul ations, and then during the I ND stages, the reviewers
have cl ose contact with scientists in academ c and
scientists in industry, and to evaluate the devel opnent of
the products, not only safety, clinical efficacy studies,
al so the devel opnent of the pharnmaceutics.

Actually, in the Agency there are a nunber of
dosage formof insulin being tried, nasal form and solid
product of nasal form and transdernmal patches,
el ectrophoresis, all kinds of dosages formare being tried,
so we do have interaction with outside experts and that you
gain fromthem and we think the two have a proper
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eval uation, and gets a final approval if it's wanted.

DR. BERKOVER: And, of course, with regard to
vacci nes, the various nmucosal surfaces on our body are
inportant portals of entry for a nunmber of organisns, and it
is a common belief that secretory IgA is an inportant
protective barrier at those surfaces.

It is also believed or it is also now known that
if you imunize in one area and achieve I gA, that actually
there is a circulation going on in the body, so that |IgA
wi Il be made on a nunmber of surfaces.

We, at CBER, have an active nucosal inmunity
program and we al so have an active research going on in
enterics, so, for exanple, that would cover sal nonell a-based
vacci nes.

DR. BRAZEAU. Dr. Berkower, | don't think -- you
know, if we sound |i ke we have been -- we haven't been going
after you, but | think what | amhearing fromthis conmttee
is that I think we would recommend to your boss sonet hi ng
that you need to get sone nore people with pharnmaceutics in
your vaccine, people with those kind of training, that can
do that.

There are graduate students that are being trained
in biotech that have a pharnmaceutics background, and | think

we are just trying to make your life a little bit easier.
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Maybe recomrendi ng to your superiors that you need to get
t hese kind of people on your teamas we get closer, as we
deal wth sonme of these vaccine issues.

DR. BERKOAER | woul d concur in that.

DR. TAYLOR Dr. WIIians.

DR. ROGER W LLI AMS: Comi ng back to | think sonme
points of Dr. Walkes, | think that is a key goal throughout
this entire discussion, which is to make the tests
appropriate to the level of change. | nean we can al
i magi ne that we could bog the whole process down, and it is
your point, too, Dr. Taylor, that for every change | could
say, well, let's do a bioequival ence study. Wll, that
woul d be ridicul ous, you know, we understand sone things are
m nor and don't need that.

| woul d argue that the SUPAC docunents are
designed to do that. You know, here is this nmuch change,
wel I, you have got to do that nmuch testing. But you heard,
and | heard, too, for the first tine, that there is a
slightly different paradigmenerging in the BACPAC, which is
that the results of the tests determne the filing
requi renent, and | m ght say one of the nice things of ne
being able to sit here and listen to this is | get to find
out sone of these new approaches, but | think that is an

interesting way of thinking about it, that the result
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dictates the level of filing. | think | heard that, right?

DR. TAYLOR Yes. | think the BACPAC di scussion,
that is a very innovative way to approach changes in
manuf act uri ng.

| had a couple of questions that will be quick,
because we are running out of tinme, and the question is what
happens when you change a manufacturing process where you
actually change the inpurity profile, so that the inpurity
percentage may remain the sane, but now you have got a
different inmpurity, how do you handle that. | didn't see a
way to do that in the algorithm

The other thing is when would you i nspect a
manuf acturing site where a change had been nade?

DR. SRI Nl VASACHAR: To answer your first question,
whenever you change a synthetic process, | think it is
al nost a given that you are going to get a new inpurity
because when you change a process, you could change sol vents
even if you use the sane basic synthetic schene and the sane
basic reactions. Usually, a solvent change can occur in any
of the steps, so you are going to have a different inpurity,
and this is a new inpurity.

As | nmentioned in ny talk, one of the ways we are
considering handling this is through the threshold | evels
that are given in the | CH gui dances both for inpurities and
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new drug substances, as well as for residue of solvents, and
| think these threshold levels in the | CH gui dance woul d be
a good starting point to handle new inpurities that may
arise froma different process.

DR BYRN. | might add to that conpanies a | ot of
times will, if they are too high an inpurity, they wll
reject that change, and, in fact, many conpani es are using,
not 0.1, but 0.01 percent, many of the big conpanies, so
what will happen a ot of tines is they will try to get a
new route or a change, and if they see too high an inpurity
profile, and they can't elimnate that, they will just say,
well, we are not going to nake that change.

On the other hand, there are cases where they may
have to go all the way to the point of qualifying a new
inmpurity, where you get a higher inpurity. You m ght have
to actually do a toxicity test on that inpurity.

CGenerally, that is avoided I think, but all those
are possible, but I think nost often chem sts woul d keep
trying to find a way that didn't introduce very high |levels
of new inpurities.

DR. SRI NIl VASACHAR: | would just add that the I CH
gui dance al so goes into the qualification of inpurities, so
the industry has two options here. One is to purify the
drug substance, so that the new inpurity level is well bel ow
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the threshold, but if for sonme reason this is not possible,
then, the I1CH has a decision tree approach that can be used
as a guidance for qualification, and basically, again, this
deci sion tree approach, in the very final, in the worst case
scenario, this would involve in vitro or in vivo testing of
the inmpurity for safety.

DR. TAYLOR Dr. WIIians.

DR. ROGER WLLIAMS: Just a quick comment and then
maybe a request for Dr. Berkower.

It is of interest to nme, and it may be of interest
to the commttee, as well, we have different |evels of
concern about the products that are available in the
mar ket pl ace in this country, and it is just a fascinating
point to me. A lot of what you hear happeni ng now rel ates
to control of prescription drug products, and as you can
see, | think there is trenendous attention and focus in the
Agency and in the industry to control inpurities and define
active ingredients.

When you go to the OTC world, some of which are
given in very high doses, those are controlled by OIC
nmonogr aphs, and the nonographs, as specified in USP, are
frequently old. Now, if you | ook at those nonographs and
wonder what is going on, it is very different than what is
bei ng tal ked about here.
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Then, if | mght go to the final thing, when you
| ook at the dietary supplenents and go in your health food
store, and you talk about bee pollen and shark cartil age,
and you start to wonder what is in there, | think you see
the varying | evel of concern that sonmehow exists in this
soci ety.

The other thing | think it is an interesting
story, and maybe | would ask Dr. Berkower, could you just
say a few words about these new vaccines. There really was
significant advance in ternms of safety. | nean there is a
story there that | think is a powerful story. You nentioned
it to me. Do you know what | amtal ki ng about ?

DR. BERKONER: G ve ne another hint.

DR. ROGER W LLI AMS: The new vacci nes for kids and
how they are safer and better, and there has been an advance
t here.

DR. BERKOAER | see. | did say sonething to that
effect, yes.

DR. ROGER W LLIAMS: | amsorry to put you on the
spot like this.

DR. BERKOAER  Actually, | just gave ny definition
of a good vaccine, it is as sinple as that. One of the
ni cest things to come out of CBER research in the past

decade was the Henophilus influenza B vaccine. This is a
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conjugate and there are | believe four different ways of
maki ng the conjugate, but it is quite simlar to the peptide
protein conjugates that | showed. The only difference is
that instead of a peptide being conjugated to a protein, it
is a sugar, either an oligosaccharide corresponding to a
bacterial outer cell wall, polysaccharide or the

pol ysaccharide itself fromthe bacteria that are conjugated
to a protein.

What was gained in this way was that the T cel
response to the protein could then focus on and help the B
cell response the polysaccharide, so the antibody response
was better, stronger, and it also occurred in children at a
much younger age.

It turns out that in the canme of Henophil us
i nfluenza, you have immunity fromyour nother at birth, it
wanes by the age of six nonths, and it is the children from
six nonths on, up to two years, who are then at risk of
getting seriously ill from Henophilus influenza. It can
cause neningitis and death, for exanple.

Well, since the vaccine has cone on the market,
the children who got vaccinated are protected, but what is
really remarkable is that even the children who are not
vacci nated have had a decline in the rate of di sease because

t hey are surrounded by children who are i nmune, and so the
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effect of what we call herd immunity is actually protecting
the children who are i mmuni zed, as well as even having an
effect on the children who are not imrunized. That is ny
own personal now view of a definition of a really good
vacci ne.

DR. TAYLOR Wth that, then, | would like to
cl ose the norning session and we are running a little bit
behi nd, but we wll reconvene at 10:30 as schedul ed.

[ Recess. |

DR. TAYLOR  The remai nder of the norning session
wi Il focus on the pharmacol ogy/toxicol ogy topics.

The first speaker is Dr. Frank Sistare.

Pharmacology/Toxicology Topics
Analysis of the TB.AC Transgenic Mouse Model
for Carcinogenicity Evaluation

DR SI STARE: (Good norni ng.

[Slide.]

Yesterday, ny task was four mnutes to give you an
overview of the D vision of Applied Pharnacol ogy Research.
You may renenber this beautiful slide |I showed up there.

We have four teanms in our division. Wat we are
going to do this nmorning is goin alittle nore depth into

two of the teans: the carcinogenesis and toxicology team
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and then after ny presentation, Donna Vol pe will present
sonme exciting work in the preclinical/chenotherapeutic
eval uation team

What we are doing is a little bit of an
experinment. W are going to go into a little nore detail,
actually present sone data into an exanple of sonme projects
that we have ongoing. So, | would |ike your feedback, maybe
during the discussion period, and see if this is kind of the
thing you want to see nore of or, you know, let's stay away
fromdetails, let's get nore into generalities.

[Slide.]

What | amgoing to talk to you about is sone
prelimnary data that we have. | wll stress that. W have
one study that is conplete and we have one that is ongoing,
but the data are clear in terns of sone of the results you
wll see.

It is a regulatory analysis of the TG AC
transgeni ¢ nouse nodel that has been proposed for
carcinogenicity eval uation.

[Slide.]

As | mentioned yesterday, there is an | CH gui dance
docunent S1B that is entitled, "Testing for the

Carci nogenicity of Pharmaceuticals,” which has been signed

by the FDA, European Union, Japan's Mnistry of Health and
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Wl fare, and the various respective pharmaceutical trade
organi zati ons of those regions.

That docunent allows the use of an alternative
short- or internediate term assay suppl enent, one standard
t wo-year rodent assay w thout conprom sing human safety. As
you may all know, the standard paradigmis to use mce and
rats for two years, and this is saying now in place of, for
exanpl e, the nouse, you can stay with it two years with the
rat, but in place of the two-year nobuse you can go with one
of these alternatives.

[Slide.]

The project | amgoing to tell you about today is
a coordinated effort with the NIEHS and a consorti um of
phar maceuti cal conpanies coordinated with International Life
Sciences Institute to assess the strengths and limtations
of the TG AC transgeni ¢ nouse nodel for inproving the
predi cted val ue and decreasing the burden of the currently
used two-year rodent bioassay for predicting human
carcinogenicity.

O the various nodels that the ILSI organization
is looking at, the way they have organi zed t hensel ves, they
have set up studies to look at TG AC, the P53, the TG RasH2,
and the newborn nouse are the ones that they are focusing

on.
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O those nodels, there is a |lot of controversy
over the use of the TG AC. Sone viewit as very, very
prom sing, others as maybe not specific enough. They use
the term"too sensitive." So we felt, of the nodels, this
is one that we probably should start |ooking at first.

| want to stress that the studies that we are
doing is an evaluation, it is not a validation study, and
none of these nodels have been FDA approved or anything |ike
t hat .

[Slide.]

VWat is the TG AC nouse nodel ? This is a nodel
t hat was devel oped by Aya and Phil Leder.

What it consists of is the nouse zeta globin
pronotor that has been linked to the v-Ha-ras oncogene with
an SvV40 Poly A termnation site.

This transgene was injected into several mce, and
they canme up with one strain where the ras gene was
expressed, several of the other mce that they cane up with
it was not expressed, and the particular strainis AC, TG AC
nouse.

Now, the nouse nodel that has evol ved fromthat,
and it was picked up by Ray Tenant's group done at the NI HS,
is a skin paint nodel for predicting carcinogenicity. The

conpound in question is put into a solvent, either acetone
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or ethanol, painted on the back of the mce, and the
endpoint is just a neasurenent of papill onas.

It is a very sinple nodel, not technically
difficult to perform Like |I say, in Ray Tenant's group,

t here has been trenmendous concordance between the various
conpounds that he has | ooked at, known carci nogens i ndeed

i nduced papillomas, things that are not considered

carci nogens or tunor pronoters do not, so there is a |lot of
excitenment in the pharmaceutical industry could this be a
ni ce assay.

| will say that the tinme course for these kind of
events to happen is usually within seven to 10 weeks you
start to see the papillom, sonetines even earlier, and by
20 weeks you know what you have, you know what you are
dealing with. You don't have to do histopath, you don't
have to take the animal apart, send it out for analysis, so
the prom se was exciting.

[Slide.]

To begin, we set goals to test sensitivity, test
specificity, and to explore various issues relating to the
dose route and exposure. | wll backtrack a little bit and
say that of the conpounds that Ray Tenant's group tested,
very few were pharmaceuticals, they were nostly NTP test
conpounds, pesticides, known carci nogens, these kinds of
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nasty chemcals, but in terns of pharmaceuticals, very few
were tested. So, we wanted to expand and start to begin the
process of |ooking at pharnmaceuti cal s.

We chose to test sensitivity, the ability of this
nodel to respond to a known pharmaceutical carcinogen. W
chose three conpounds -- and when | say "carcinogen," that
termis based on the rodent bioassay primarily -- but the
first conpound that we chose is cycl ophospham de, a rodent
carcinogen, it is actually a PRO carcinogen, has to be
nmet abol i zed to the nustard, and the nustard, the
phosphoram de nustard is known to be the carcinogenic
noi ety.

It has al so been shown from epi dem ol ogy studies
to result in secondary | believe | eukem as in humans, as
well, so it is a known human carcinogen. It is one of the
few conpounds that is a known human carci nogen, as well.

Anot her compound we chose to | ook at was
phenol pht hal ei n.  Phenol pht hal ei n has been shown in two-year
bi oassays to result in both nouse and rat tunors. A third

one is tanoxifen. Tanoxifen in mce and rats i s

tunorigenic. In rats, it pronotes liver tunors and has been
shown to form coval ent adducts, as well, in at |east the rat
nodel. I n the nouse, nost of the tunors were of endocrine
origin.
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Testing specificity was a nore difficult question.
You have 300 to 400 or probably even nore pharnaceutical s
whi ch have gone through the two-year bioassay, and there is
no carcinogenesis. How do you begin the sel ection of
conpounds to choose fromthose and to test this question of
specificity, the question of faith that a noncarci nogen wll
not induce a papilloma in this nodel.

We chose chl orpheniramne. Wiy? It is a safe
conpound, it has been used widely. It is over-the-counter
anti histamne. There was actually a report in a paper that
showed, however, that in the 3T3 Balb.C nodel, that there
was a weak ability to cause transformation in that assay.
| f, indeed, this nodel is so nonspecific that sonething that
weak woul d show up, we ought to know about it pretty soon,
so we chose chl orpheniram ne to | ook at.

Now, the first study we did is a straight skin
pai nt study. The second study that we designed was to
explore the possibility that the nodel could be expanded to
both skin paint and oral adm nistration, and the reason we
did that was because of sone recent data that Ray Tenant had
shown that benzene can cause granul ocytic | eukem as after
topi cal adm nistration, so enough was getting in to cause
the system c carci nogenic event.

So, we asked the question if we adm nistered

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

tanoxi fen and skin paint, will we get papilloms, if we
admnister it orally, will we see this granul ocytic | eukem a
with that, as well, and then that would also, like | say,
expand the practical use of this nodel

Like | said before, the questions of netabolic
activation, painting sonething on the skin, wll sonething
I i ke cycl ophospham de, which neans netabolic activation,
will we see that after a skin paint.

Al so, questions relating to solvents cane to the
forefront, and I will get into a little bit nore of that.

[Slide.]

To put it in historical framework in terns of our
starting point, where do we begin, and also to point out the
stuff that Ray Tenant had published was with the honbzygous,
both all el es expressing the transgene.

As the ILSI group decided on howto plan their
attack, the decision was nade by ILSI to go with the
hem zygous nouse nodel, and our studies were done with the
hem zygous nouse.

The does. How do you chose the dose? The way Ray
Tenant did it was again we are using conpounds for which we
have two-year bioassay data, and the way they did that was
| ook at the dose that the animals were exposed to during the

week, take that dose and adm nister the sane weekly dose to

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

these animals, and these animals, like |I say, are skin
painted, they are getting it over two or three applications.
Those are really high concentrations of the drug being
applied to the backs of these skins.

Et hanol and acetone, as | say, was pronoted by Ray
as acceptable vehicles. Also, a nice feature of this nodel
is you have a positive control group, and for the positive
control, tetradecanoyl -phorbol -acetate, TPA, also called
PMA, phorbol -12-nyristate-13-acetate has so many different
names, but anyway, when | say TPA, | am not tal king about
ti ssue plasm nogen activator here. | amtal king about this
phorbol ester. The positive control specified at the
begi nning of the ILSI consortiumgroup was 1.25 m crograns
tw ce a week.

Here cones the data.

[Slide.]

The data didn't turn out quite as we expected it.
In our first study, after seven, eight nine, ten weeks of
skin paint wth a positive control, 1.25 ntg of TPA twice a
week, what we expected to see was a curve kind of like this.
That is the kind of stuff that had been reported in the
l[iterature

| nstead, we were getting nothing. So, about week

13 we made the decision, said okay, let's split up the
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groups, and at week 13 we gave half of the aninmals TPA 10
ncg twice a week, and we kept half of themat the sane dose
of 1.25 ntg tw ce a week.

Now, the little blip that you are seeing here, you
see the data expressed as average nunbers of papill omas per
mouse. \What we got here is we got |ike one animal, one male
and one femal e that expressed |like 15 papillomas, but al
the other animals in that group did not express any
papill omas, and that, as it turned out, was also in the 1.25
ncg twice a week. None of the animals switched to 10 ntg
tw ce a week got any papill omas here.

Cycl ophospham de we got not hi ng, phenol pht hal ei n
we got not hing, and chl orpheniram ne we got no papill omas
for the entire -- we actually dosed for 26 weeks -- we went
| onger.

[Slide.]

Now, one of the points that was brought up to us
was we were using PVMA and ethanol. The reason we did that
was because all the other conpounds we used were soluble in
et hanol, and were not soluble in acetone at the
concentrations we needed to apply. W wanted to use one
solvent. Ray brought to our attention that he had al ways
used TPA in acetone, didn't use TPA in ethanol.

W went into the literature. W found sone ol d
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data by Tom Sl aga using the Sencar nouse in which he showed
t hat TPA and et hanol was about five tinmes |ess sensitive
than TPA and acetone, he needed five tinmes nore to get the
sane papilloma response in that aninmal.

So, Study 2, we nodified our original plan and we
asked the question about solvent, is there an effect of
solvent, indeed, in this nodel, with respect to TPA. Like |
say, Study 2 was al so designed to | ook at oral versus
topi cal adm nistration of tanoxifen

So, we said, okay, when we | ook at the effect of
solvent, let's look not only the positive control, but let's
| ook at the test conpound. So, we have tanoxifen citrate,
which is in ethanol, and we have tanoxifen base in acetone.

You can't really see nuch here. | amgoing to
show you anot her slide you begin to see sonething over here
when you express it, not as average nunbers of papillonas
per nmouse, but nunber of mce wth papilloms, with any
papi | | onmas.

[Slide.]

But if you look at this, TPA and ethanol, we went
with 1.25 ncg twice a week, and we went with 6.25 ntg tw ce
a week, again because of the Slaga data showing a fivefold
difference in sensitivity. TPA/ ethanol - skin paint 6.25
femal es/ mal es versus acetone fenal es/mal es, not a heck of a
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| ot of difference here.

1.25 ncg twce a week in ethanol versus acetone,
again, very, very little response in the second study, as
wel | .

In conversations with at | east one other site
whi ch was doing the study at the exact sane tine, actually,
they were |i ke a week ahead of us doing the study, and they
were using 1.25 ncg twice a week, they were al so not getting
responses out to week 13 or 14 at that tinme, as well. So,
this has been produced in at |east one other site. | wll
not mention where that was done at this point.

[Slide.]

So, to express the data a little bit differently,
you | ook at percent of animals in your group with
papi |l l omas, you can see we are starting to get a little bit
here with the free base and acetone.

Here is the sane data with TPA with ethanol and
acet one.

Now, what we have is about 30 percent of the
animals responding in terns of the males, and the fenal es
about 70 percent of the animals are responding. Over here,
across the board with acetone we are getting about 30 to 40
percent of the animals are responding in the high dose

group. In the | ow dose group you get a papillom, it goes
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away, you get a papillom, so we are starting to get a
little bit of response there, and a few of the animals with
a very, very |low papilloma | oad.

[Slide.]

| f you look at the data a little nore closely, and
if you look at the individual aninmals in the femal e group,
of the 8 animals in this group, 5 are responding and 3 no
responses. W stopped counting papillonmas after about 30,
32 papillomas, in fact, sonme of these animals have 40, 50
papill omas, but in the sane group of animals being treated
with this high dose of TPA, there are animals which are
getting not hing.

[Slide.]

| f you |l ook at males, here is that response that
we were | ooking for, that five, six, seven, eight-week
climb. In the males we get two with a full papillom
burden, one with partial, and we got seven out of the ten
animals we are getting no response at all. Again, this is
very different fromthe kind of data that we were seeing in
the literature where you are getting 70 to 90 to 100 percent
of the animals all responding at |east with the honpbzygous
ani mal s.

The first question we asked is, gee, are we
getting in our nonresponders and responding animals, is
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there any difference in ternms of this transgene being
present, we did southern blot, our probe to the SB40 Poly A,
SO we are not going to pick up any endogenous ras or any
endogenous nouse zeta globin, and the only thing that should
light up on the southern blot is the transgene.

[Slide.]

I f you look, this is just the ethidiumbrom de
stain just showi ng pretty good equal staining across the
board in this particular blot. | have another blot in your
handouts which there was one | ane whi ch was under| oaded, and
you could kind of see that in the southern, as well, but as
you see here, we got responders, nonresponders,
nonr esponders, nonresponders from Study 1. W got
responders and nonresponders in Study 2. It doesn't make
any difference, the transgene is there. It is there, so it
is not a question of it not being there. For sonme reason it
is just not being expressed as well in sonme of these
nonr esponders.

[Slide.]

Anot her question that we asked is as we nove from
t hese chem cal carcinogens to the pharmaceuticals, one thing
we found was -- and the reason we used ethanol -- was
because we couldn't get these things into acetone.
Solubility characteristics are going to be very different
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wi th pharmaceuticals which tend to be nore water soluble as
opposed to these carcinogenic chem cals which tended to be
nmore |lipid sol uble.

So, we needed to start to get a handle on how can
we be sure that when we paint the pharmaceuticals on the
skin, it is actually getting to the site of origin or the
site where the papilloma is expressed, and it is expressed
inthe follicular cell of the skin. That -- and | should
have said upfront -- is really a nmystery as to why this
particul ar cell type expresses this.

The zeta globin gene is a very tissue-specific and
devel opnent al | y-specific pronotor, why is it expressed in
the follicular cell of the skin remains a nystery, but there
apparently are sone transcription factors which are
apparently present there to allow this to be expressed.

So, to ask the question, you know, how can we be
sure there is getting penetration down to the follicular
| ayer wth cycl ophospham de, we |ooked at, at least if we
are getting it into the blood, it is getting through the
skin, so we just asked the question can we neasure it in the
bl ood, and indeed, we can. Estimates are sonething like 1
percent is actually getting across, is a very |ow percent,
and again that is something we have to think out. The dose

of cycl ophospham de we used was perhaps too | ow, was based
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on the two-year bioassay data.

| f you are dealing with sonething that is very
l'i pi d-soluble, you can see why you m ght want to stop at
t hat dose, but for sonmething that is not going to get across
the skin, you can probably push the dose up 10, 100-fold.

We have to reexam ne that whol e issue.

[Slide.]

Chl or pheniram ne, fromthe previous slide the
concentrations that were reached in the bl ood were about 150
nanograns/m . Here, we are using 10 tinmes as much
chl orpheniram ne. W are getting around 3 to 4 ncg/m, 20
to 40-fold nore when we use 10 tinmes nore drug, roughly
proportional. So we are able to nmeasure chl or pheni ram ne
getting across.

Wt h phenol pht hal ei n, however, | don't have a
slide showi ng this because we couldn't find it. It is down
here bel ow 500 nanogranms/m, below the limt of sensitivity
in our analytical nmethod. The dose that we were applying to
the skin was twice as high wth chl orpheniram ne

So that raises an i ssue about when you apply
sonething to the skin, whether or not it will penetrate and
get to the follicular layer is an issue that has to be
resolved. Wth phenol phthal ein, we have been able to

denonstrate it just doesn't get across into the bl oodstream
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[Slide.]

So, what are the | essons we have | earned? As we
progress with this nodel, we are going to stay with the
t wo- dose positive control group. It is nice to know whether
or not we are getting a shift in sensitivity. However, that
1.25 ncg is too low, and 6.25 ntg is unnecessarily high.

10 ncg TPA at that age of 20 weeks was not
papi | | omageni c. Acetone and et hanol appear to be
i nterchangeable with TPA. | told you about the
phenol pht hal ein. This question of phenotypic segregation,
responders and nonresponders rai ses this whol e question
about animal variability and what kind of quality control
paraneters need to be set up as we nove to the use of this
nodel .

[Slide.]

W tal ked about that, penetrability, and it raises
t hat whol e question is cycl ophospham de not papill omagenic
in this nodel.

[Slide.]

That is a question that we have to revisit, and a
really inportant question. |If a human carcinogen is not
papi | | omageni ¢, but the whole question nmay be dose, it may
be the quality control of the animals. The whol e specificity
issue is still wde open, and I will just nention that we

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

have a reporter gene rapid screening strategy to | ook at
that nore carefully.

| will stop here.

Next, presenting will be Donna Vol pe. Wat | have
tal ked about here, questions relating to carcinogenesis,
gquestions that the pharmaceutical industry deals with as
things are noving into the IND, into the clinical phase of
things. They don't have to be done prior to the clinical
trials.

Donna is going to be tal king about some nore which
really interface nmuch earlier on in ternms of decisionmaking.
Prediction of Myelotoxicity with In Vitro
Hematopoietic Clonal Assays

DR. VOLPE: Good norni ng.

[Slide.]

| amgoing to talk about, as Frank said, sonething
that occurs in the preclinical phase of drug devel opnent. |
would i ke to give you a little overview of nyelotoxicity in
the assays we use and then give you two projects that we
have worked on or are currently in progress.

[Slide.]

The goal of preclinical drug developnent is to
predict a drug's efficacy and its safety in howit wll

behave in clinical trials. Historically, animl nobdels have
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been used to predict human toxicity, but increasingly we are
seei ng human tissues and cells being used to predict human
toxicity.

One such thing is to use bone marrow cells to
predict toxicity to the hematopoietic system

[Slide.]

We are able to use hunman tissues to predict
myel otoxicity, and in our hematol ogy programwe are seeking
to devel op and evaluate optimal nodels in vitro for the
prediction of nyelotoxicity that will aid in the
acceleration of clinical trial design whether it be
determining a starting dose or determ ning an escal ation
schene, and this is particularly true with the anticancer
drugs and antiviral drugs. This is where you see the
myel otoxicity nost often

[Slide.]

Qur program seeks to build bridges between the
preclinical and the clinical drug devel opnent, and this can
be done by both predicting the clinical drug safety from
cellular endpoints -- nmeaning the in vitro to in vivo
extrapol ation -- also by assessing the rel evancy of ani nal
nodel s to the human situation in an interspecies
ext rapol ati on.

[Slide.]
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Myel otoxicity is the nost common dose-limting
factor in cancer chenotherapy. It reduces the anmount of
drug that can be given to a patient, either the anpunt that
is given or the nunber of cycles that the patient can go
through with the drug therapy, and it can increase the tine
between cycles. It can result in |longer tines between the
cycles, how nuch drug, and you can get henorrhagi ng and the
potential for neutropenic fever.

Now, the severity of the nyelotoxicity is
determ ned by two factors, one being the drug
characteristics, the dose of the drug, howit is cleared,
how fast it is cleared, and its nmechani sm of action.

The second factor is the patient thenselves, how
old is the patient, what is their general health, what is
their bone marrow reserve, had they been treated before with
ot her cancer drugs, have they undergone radiotherapy. |If
they have a | ow bone marrow reserve, they are going to be
nore susceptible to nyelotoxicity.

Lastly, the onset of nyelotoxicity is determ ned
by the cellular kinetics in the bone marrow and by the life
span of the peripheral blood cells.

[Slide.]

The hemat opoi etic clonal assays provide us with a
wel | -defined systemto anal yze the toxic potential of drugs
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to both human and aninmal cells. W use cytokines to
stinmulate the progenitor cells to both proliferate and
differentiate, and a nunber of results in colonies that we
get in our assay is proportional to the nunber of viable
progenitors in that popul ation.

The degree of colony inhibition resulting fromin
vivo or in vitro drug exposure is then used to predict and
eval uate the toxicity of the drugs.

[Slide.]

Different fromthe slide that you have in your
folder, | have nore of a cartoon schematic slide. This is
to depict both an in vivo exposure of the drug to the bone
marrow cells or an in vitro exposure.

In preclinical devel opnent, we can have a rodent,
a nouse or a rat, exposed to the drug or a dog, nost likely
a beagle dog. After the exposure of the animal to the drug,
say, a specific tinme period, it could be a single exposure
or nmultiple exposure, you can isolate the bone marrow cells
and then mx themw th our culture nedia.

In the case where we have a sem solid matrix which
can be a nethyl cellul ose, an agarose, or a fibrin clot,
also, inthis mxture wll be a fetal bovine serumor a
serum substitute, and cytokines to stinulate the formulation

of colonies. This will be then plated into a 35-mllineter
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dish or a 24-well|l plate, and after a requisite incubation
time, you will be able to count the nunber of colonies, and
you woul d | ook at colony formation after an ani mal has been
exposed to dose X, Y, and Z, and then see the results in
nunber of col oni es.

Al ternatively, we can expose the bone marrow cells
invitroto the drugs. In this case, we can also | ook at
rat, dog, and human cells, isolate the nornmal bone narrow
cells, and expose the cells in a test tube to the drugs for
atinme period. The tinme period may vary fromone hour to 72
hour s.

After the drug exposure is conplete, we can wash
away the drug, mx the cells with a culture nmedium such as
agarose, the cytokines, the serum and then plate them again
in the assay dishes, and at the end of the tinme period of
t he incubation, count the nunber of colonies. W can | ook
at colony formation versus concentration.

The advantage of these assays is you can conbi ne
drugs, look at two different drugs together or |ook at drugs
that are exposed one after the other.

[Slide.]

The question that we have to ask is are these
hemat opoi eti ¢ assays useful to us in the preclinical drug
devel opnent, can they predict clinical nyel osuppression, and
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we have shown with a series of drugs that we can see a
qualitative prediction of nyelotoxicity. |If the drug is
toxic in our assay systens at a certain concentration, it
wll nost likely be toxic to the people.

Can we predict relative toxicity? Well, this
woul d be inportant if you have a series of drugs that you
want to screen and pick the drug that is |east toxic, and,
yes, we have shown this with a series of dideoxy nucl eoside
antiviral agents from AZT, DDI, DDC, D4T carbovir.

I f you take the rank order of the toxicity of
these drugs in vitro and | ook at the rank order of the
toxicity of the drugs clinically, you see a concordance.

Can the assays predict toxicity to a specific cel
| i neage, such as neutrophils, platelets, or red blood cells?
We have shown w th AZT, which produces anem a nore often in
the patients than neutropenia, that in our in vitro system
AZT was nore toxic to the erythroid progenitors as opposed
to the nyel oid progenitors.

The nost inportant question that we are probably
| ooking at, can we predict toxicity at a certain dose |evel.
Say we see an inhibition in our colony formation assay, does
that translate to a concentration or an AUC in a patient
where you see Grade |1l or Gade |V neutropenia?

One drug that we have tested on this is pyrizole
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acridine. W found a concentration that inhibited 70
percent of our colony formation correspondent to a
concentration in the plasma | evels that gave G ade |11
neutropenia in the patients. Now, this is just one drug
t hat we have done. W need to do nore drugs, such as that,
where we can |look at in vivo/in vitro correl ations.

Anot her question that we can ask of the clonal
assays is can they predict onset and nadir.

[Slide.]

In a study funded by the FDA O fice of Wnen's
Health in collaboration with Drs. Karl Flora and Dr. Fostino
in our DPQR Division, and Dr. Don Klein, a reviewer who is
doi ng professional devel opnent in our |aboratory, and Dr.
Kim Warren of Poietic Technologies, Inc., we are seeking to
determine if a toxicity to a specific progenitor cell wll
result in a specific tinme to nadir.

We are using a battery of established cl onal
assays that nodel the proliferation and differentiation of

myel oid precursors fromthe ultimte stemcell to the

neutrophil. Qur assay systens are a high proliferative
potential, colony formng cell, which is close to a stem
cell.

Then, we have a multi-potent cell that we are
| ooking at, a colony-formng unit, granulocyte erythroid
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macr ophage negakaryocytic cell, and follow ng CFU-gm which
woul d be a granul ocyte macrophage cell, and finally, just a
granul ocytic progenitor cell.

Now, | ooking at these, this would be the nost
imature of the cells, and this would be nost mature,
resulting in finally the neutrophil. Qur hypothesis is if
we have a drug that gives us a tine to nadir that is very
short, this progenitor cell is going to be the nost
sensitive to that drug. However, if we have a drug that
clinically gives a long tine to nadir, it is this progenitor
that will be the nbst sensitive.

We chose al kylating agents to | ook at because they
all share a simlar mechanismof action, their clinica
utility in the cancer arena, and we were able to pick
several drugs that have a clinical spectrum of neutropenic
timng fromone week all the way out to 60 days.

O these drugs, we have nechl or et ham ne
cycl ophospham de, sarCNU, nel phal an, BCNU, CCNU, and the

i nvestigational agent penclonedine. O all these agents,

only sarCNU we have data on. It has only been used in
animal studies. It has not yet gone into the clinic.
[Slide.]

Human bone marrow cells were exposed to the drugs
for one hour. After the one-hour exposure, they are washed
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and plated in nethylcellul ose assay. | should point out for
CFU-g and CFU-gm assays, nononucl ear cells were exposed to
the drug. However, for the CFU gemm col onies and for the
HPP col oni es, we had to expose CD34 enriched popul ati ons.

After we plated out the cells in different
concentrations, |ooked at colony formati on and derived
dose-response curves, fromthose dose-response curves we
conducted |inear regression anal yses and cal cul ated an | C70
value. This value is a percent colony inhibition. | mean
the concentration of the drug at which we saw 70 percent
col ony i nhibition.

These results denonstrate prelimnary studies from
4 to 1 bone marrow sanples on six of the drugs. Overall, we
found the CFU gemm progenitors to be the nbst sensitive
species in all six drugs that we tested, however, this may
be due to the fact that we have only done 2 or 1 bone marrow
sanpl es.

For mechl oretham ne, due to its short tine to
nadir, we had early expected the CFU- g assay progenitor to
be the nost sensitive, however, there really isn't that nuch
difference in these first three assays.

For nel phal an, we had expected CFU-gemmto be the
nost sensitive progenitor, and with the one bone narrow t hat
we have tested, we did find this to be true.
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The BCNU, we al so expected the CFU-gemmto be the
nost sensitive and again that is what we found.

Pencl omedi ne, overall was the |east toxic of the
drugs to the progenitor cells based on a nolar basis.

Agai n, we saw the nost sensitive progenitor to be the
CFU-gm but due to its long tinme to nadir, we had expected
the HPP progenitor to be the nost sensitive.

[Slide.]

W still need to finish nore colony assays and
i ncrease our nunber, our n values for all the progenitors
especially for the CFU-gem but understanding that the
al kyl ati ng agents are very unstabl e drugs, we wanted to | ook
at the stability of these drugs in our in vitro system A
| ot of times stability is done in saline solutions or in
wat er, however, we are putting these in an agueous nedi um
that contains a lot of chemcals, it contains a fetal bovine
serumand all the proteins that are associated with this,
and we are incubating these at 37 degrees.

So, the first drug that was | ooked at was sar CNU
and we had an eye-openi ng experience here because in water,
100 m cronol ar sarCNU had a peak area of approximately 1150,
however, when we put the sane concentration in the nedia at
time zero, we only had a peak concentration of about 450, a

peak area.
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So, this is telling us that we are |osing sone of
our drug immedi ately when we are putting it into our culture
media. This neans we are going to have to test all of our
drugs in the culture nedia and ook at its half-life in the
culture nedia at 37 degrees.

As a consequence, the drug anmount that we think we
are putting into these culture systens may not be true, and
what we have to look at is the half-life and then cal cul ate
the AUC, the concentration tinmes tinme for each of these
exposures, for each of the drugs, and then conpare that to
the colony inhibitions as opposed to just the
concentrations.

This has given us a val uable |l esson, not only for
this study, but for our future studies, and just | ook at
drug stability in vitro, we feel it is going to enhance our
predi ctive val ue of these assays and allow for a better
conparison to in vivo pharmacoki neti cs and pharmacodynam c
studies, and this will point to the fact that we need to
| ook at the investigational agents at both biologically and
clinically relevant concentrations and to utilize anal yti cal
nmet hods that we have available to us to ook at the in vitro
stability and the solubility and its exposure confirmation
in these culture nmedia with or without serum

[Slide.]
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The next study | would like to show you is | ooking
at interspecies difference. How do we know whi ch ani mal
nmodel is going to best tell us a drug is nyelotoxic to
humans? We have had the opportunity to | ook at two
di fferent DNA bi nding drugs that have shown in preclinical
animal studies to have a great wide range of toxicity
bet ween the rodent nodels and the dog nodel s.

Tal I i mustine and bizelesin are two such drugs.
They are DNA binding and they bind at A/ T-rich sequences.
They are active in preclinical screens against solid tunors,
and in vivo studies for both of these drugs found the beagle
to be exquisitely nore sensitive to the drugs than the
rodent nodels.

The rodent was 15 tinmes nore resistant to
bi zel esin than the dog based on the MID, and this difference
was 100 times nore for tallinustine and based on LD50, so
again, for both of these drugs the question was asked which
ani mal speci es best nodel ed human nyel otoxicity.

[Slide.]

This is what sone of our data | ook |ike,
concentration here on the x axis and then percent CFU gm
colony inhibition here. For tallinustine we had a 4-hour
drug exposure, and this is just the CFU-gmdata. Here, we
see with the circle, the human concentrati on response curve,
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and with the dotted Iine we see the nurine.

You can see there is a concordance, there is
overlap between the murine and the human sensitivity of the
CFU-gmcells at these concentrations. However, you can see
the great difference in the dog, it being nore sensitive to
this drug than the nouse or the human bone marrow

| was just trying to think back what the
difference was. | think there a 100-fold difference in the
| C70 val ues between the human and nouse versus the dog | C70
val ues.

Based on this, two clinical Phase | trials have
begun, one in San Antonio and at a dose of 100 ntg per neter
squared, daily for three days, they found a Gade I11/1V
neutropenia, and a neutropenia occurred at Day 17 and
recovery was at Day 21.

I n anot her study out in Bellinzona, Swtzerl and,
Grade |V neutropenia was found at 500 ncg/mm, and this was
gi ven once every four weeks. In the Switzerland study, they
based their starting dose on the dog data because they
wanted to be taking the nore cautious route.

The next study here was bizelesin. This was a
col | aborative project wwth the NCI and Hi ppl e Cancer
Research Center. Again, we tested human, cani ne, and nurine
bone marrow after a one-hour drug exposure.
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Up here, we saw a correlation between the nouse
and the human, and since these drugs have simlar
mechani stic actions, would we have seen that again with
bi zel esin, but, no, you can see here the human data is over
to the left, the nouse data is over to the right showng its
greater resistance to bizelesin, and in between we see the
canine data. Only at about 1 nanonolar do we see
simlarities between the dog and the human bone marrow.

VWhat is the nost interesting point is where do we
see 100 percent colony inhibition? Qut here it takes 1,000
nanonol ar to kill 100 percent of the CFU-gm from nuri ne bone
marrow, however, it only takes 1 nanonolar to kill 100
percent of the CFU-gm colonies fromthe nouse and fromthe
dog and the human marrow. W are seeing 1,000-fold
difference in toxicity.

As a result of this, the FDA recomrended to NCI
for their Phase | clinical trials to start the dose at 110
nanograns per neter squared, which is approximtely 1/20th
of the MID for dogs at a daily dose. The basis of the 110
was based on the dog toxicity and the bone marrow dat a.

[Slide.]

What do we seek as an outcone of our progranf
Well, we want to validate or invalidate the use of the

hemat opoi etic cl onal assays as both qualitative and
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quantitative predictors of clinical nyel osuppression.

This will probably be done in concert with an
ECVAM project that is being discussed and will be underway
we hope soon.

W want to be able to predict human drug safety
fromusing cellular endpoints and conpare it to preclinical
ani mal nodels, and then utilize the information that we get
fromthe henmatopoietic clonal assays to help determne a
safe starting dose and an escal ati on schene.

In collaboration with our review col | eagues, we
would like to be able to devel op a guideline that allows us
to design, interpret the hematopoietic assay that allows us
to predict human in vitro nyelotoxicity risk.

Thank you.

Committee Discussion

DR. TAYLOR The floor is open to discussion of
these two topics by the commttee.

Yes, Dr. Brazeau.

DR. BRAZEAU. | would like to ask a few questions
first to Dr. Sistare. | amwondering if you have
investigated the use of DMSO. It is a wonderful penetration
agent and | wondered if you had considered using that as one
of your solvents.

DR SISTARE: W have been in discussions with Dr.
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Ray Stohl over at Boehringer Ingel heim who is also | ooking
at this nodel. W found, with TPA and DVSO, that he got no
response. \Wen you | ook at Tom Slaga's data with the Sencar
nmouse, when he used DMSO in that nodel, DMSO actually
inhibited the ability of the TPA to induce the papillom
response.

Now, there is a couple of possibilities. Slaga
suggested that DMSO may actually be acting in a positive way
to inhibit the process of the carcinogenic or the
papi | | omageni ¢ process. Ray has suggested the possibility
that DVBSO may be just sort of zapping the stuff right
t hrough past the follicular layer into the bl oodstream so
rapidly it is not hanging around | ong enough, | don't know,
but this whole question of vehicles is a tough one.

DR. BRAZEAU: Yes, because there is lots of
vehicles that would -- you know, you have already used one
of the organic solvents that are used for drug studies, you
know, this propylene glycol, polyethylene glycol, and I am
not particularly enanored with acetone, but, you know, you
have to start sonewhere. | think these are really certainly
val uabl e studi es.

There are two other issues that | thought as | was
listening to your presentation - how old are your animals?

DR, SISTARE: In the first study, they were 7- to
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8-week old, and in the second study, they were 9- to 10,
because that was an issue that was raised is howcritical is
that age. The guidelines were 7 to 8 weeks. You can only
get themat 5 to 6 weeks, and then you let them acclimte
for a week or two, and then you start the study.

So, we did say, well, let's stagger, let's hold
off in that second study to see if it -- you know, we
further resisted it, but we actually go responses in the
second one where we didn't in the first.

DR. BRAZEAU. How | ong do these animals |ive?

DR. SI STARE: Twenty-six weeks, because we
sacrifice them but normally, | don't know | amnot sure
how | ong they |ive.

DR. BRAZEAU. | am wondering if you used ol der
animals. You have got animals that are growi ng pretty
qui ckly, and that sort of |leads ne to ny second area. |
don't know quite the nechani sm by which these wll elicit a
cancer response, but many of the cancer agents it is ny
under st andi ng work through a free radi cal base nechani sm
and | don't know if these do, and what you m ght consider --
and it has only recently cone to ny attention the |ast year
-- is that many of these diets that these animals are
feedi ng upon are very high in al pha tocopherol or Vitamn E
which is a known dietary antioxidant, and | am wondering if
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the reason you see sone response in sone aninals and no
response in other animals is a function of how nuch food
t hey are consum ng.

| am wondering if you did a diet lowin
antioxidants, if it is a nechanismthat you coul d enhance
t hose effects.

DR. SISTARE: That is a really good question.

O her questions, one thing we were thinking about is

met hyl ati on patterns, epigenetic nmechani sns that m ght
relate to nethylation patterns in sone animals and not
others, and if you did the sanme kind of thing in

nmet hyl -deficient diets, to have hyponethylated, that is one
approach, too, but yours is a really good one.

QG her things we are thinking of, is it possible --
the way these hem zygous aninmals are bred, just take the
henmozygous femal e and then the parental, the FEB wil d-type
strain mal e, and then you take the hem zygous -- is it
possi ble that one of the alleles in the honbzygous fenal e,
for exanple, may have nmutated. There is all sorts of
guestions here that we need to tune into.

DR. BRAZEAU. | think you have to be real carefu
about how nuch of the diet they are consum ng, what is the
nature of the diet. | know that previous studies with sone

of the lazaroid drugs in aninmals, you would see an effect in
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one study, and then you wouldn't see an effect the next tine
with some of these |lazaroid drugs. They were | ooking at
sone stroke animals. The reason was is that the diets
change routinely.

Animal diets are increasing in the anmount of
things |ike al pha tocopherol or Vitam n E, because they want
the coats to |l ook rich and everything el se, so you have to
be very consistent in the nature of your diet. There are so
many conplicating factors that | think you have to contro
how much food these animals get, you need to control, you
know, and ask how much water they are consum ng, because
those all can inpact upon your final results.

DR. SISTARE: | think those are great suggestions
and t he whol e point being we need to define rigorously the
condi tions under which these studies are done, define the
animal, define the conditions, dosing, all that kind of
stuff, | agree.

DR. TAYLOR Before we nove fromthe diet issue,
since | have sone famliarity wwth the NTP program Dr. Rao
down at RTP and IHS has studied diet on the two-year rat
st udi es carci nogeni ¢ assay, and he has devel oped a diet that
enhances, that standardi zes responses to certain index
carci nogens, and you are correct, that animals, for exanple,
t hat consune sone kinds of diet have different patterns of
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carci nogeni ¢ endpoints as they go through that two-year

study, so you mght want to talk to him You probably know

hi m

DR. SISTARE: | know of him | haven't spoken
with him

DR. TAYLOR He has published nost of this in -- |
have the reference, | don't renenber exactly what journal --
but the diet does nake a difference. Incidently, which diet

are you using?

DR SISTARE: | forget offhand, certified purina,
or sonething. It was based basically on the NIHS
recommendation. W just kind of |ooked at what they had and
just said, okay, we are going to this, we are going to do
this exactly like that.

DR. TAYLOR \Well, there was a difference between
the NIH diet and the diet that he has devel oped. He has
enhanced this diet wwth certain m nerals and backed off on
certain other kind of conpounds that he feels that inhibits
carci nogen potential, so he makes the studies nore

sensitive, and they m ght pick up carcinogenesis.

Dr. Edeki .
DR EDEKI: | find sonme of these studies on
myel otoxicity to be very interesting and elegant. | amjust

trying to find out how do you apply findings fromthese
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studies. | know you nmake use of the information in terns of
dose escal ati on when you are adm nistering the agents to
humans, but if, for exanple, you have a new cytotoxic drug
that has a very high degree of nyel osuppression, do you have
a conference wth the sponsor, do you tell themto w thdraw
it, or you just add this information to the repertoire of
informati on or data that you have already.

Supposi ng, for exanple, the drug is also very
inportant in terns of treating sone particular malignancies
even it has a very high degree of nyel osuppression, it could
still be used useful.

Just an additional coment. |In recent years, you
are aware of the nunber of studies using bone marrow
transpl antation and stemcell transfusion to get around
limtations. 1In view of that, | nmean if you have a drug
that has a high degree of hepatotoxicity, how do you apply
that kind of information?

DR. VOLPE: Let ne see if | can renmenber. If a
drug we find to be nyelotoxic, | have to be honest that
bi zel esin was the first drug that we | ooked at for the FDA
specifically, and they were just interested because a
prelimnary study showed such great variance in the bone
mar r ow assays between the human and the nouse that they

wanted to know where did the dog fall, and we repeated these

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

studi es and added nore concentrations.

We just, you know, gave our data and let the
reviewers know our findings. W did not sit in with the
sponsor al t hough the sponsor was the NCI, and we conduct ed
our studies in collaboration with them So this was a
precedent drug. This was the first tinme we have done that.

Especially the Oncology D vision, we |let them know
drugs that we are working on, and our data we share through
semnars and just talking to the reviewers, we will do that.

You are tal king about -- and the next question was
like a risk-benefit type of a ratio that you have. Well,
the drug may be very inportant clinically, but yet you are
getting nyel osuppression, and | think in oncol ogy drugs, you
| ook at a risk-benefit ratio a lot different than an
antiarrhythmc drug that you are going to be taking for 20,
30 years, every day, where is the risk or does the benefit
wi th an oncol ogic far outweigh its risk.

You pointed to one factor in that you have bone
marrow transpl antati ons or peripheral blood transplantations
that are being given to patients, so that they can take
hi gher doses of the drugs and you are going to kill a I ot
nmore of the bone marrow, and then you give themthe reserve
bone marrow from thensel ves or froma donor, and then, you
know, help themlive again.
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The other thing that is being used are cytokines,
the gromh factors, the hematopoietic growh factors, such
as IL-3, GCSF and GCSF, and this may down the |line allow
the clinicians to give higher doses of the drugs to the
patients, allowng nore cell kill of the tunor even though
you are really doing sone very big damage to the bone
marrow, but giving themthe cytokines, their peripheral
bl ood cell counts do go back up, so that they are out of
danger from henorrhagi ng and fevers.

Did | answer everything for you?

DR, EDEKI: Yes.

DR. TAYLOR Dr. Vestal, you had a question.

DR VESTAL: | would to return to the TG AC nouse
studies just for a mnute to clarify why you selected the
hem zygous.

DR. SISTARE: W went with the hem zygous because
that was a decision that was made by ILSI. W are not |ike
dues-payi ng nenbers to the ILSI consortium but what |LS
has done -- and this is kind of a neat story in terns of |
think it was a question that Dr. Branch asked yesterday
about, you know, sone sort of consortium between NIH the
FDA, and either academ a or industry, or something |ike that
-- what ILSI did was pool together the pharnaceuti cal

i ndustry and said, hey, here are these transgeni c nodel s,
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the I CH docunent opens this w de up, you guys need to get up
to speed with these things, and they said, yeah, yeah, yeah,
let's do it, and they all kind of contributed a pot of

nmoney, and they are noving forward with this thing.

We had our own set of questions, so we are tuned
into them and we are conparing notes and saying here is
what we want to |l ook at, here is what you are going to | ook
at, let's not waste each other's efforts and energi es, but
let's talk to each other and show each other our data.

So, they made the decision. W are not involved
in their decisions in a sense of how they want to evol ve
t hese nodel s, but they nade the decision to go with the
hem zygous.

The reason they did that was based on sone
information that Ray Tenant had shared wth them and there
was prelimnary data that he had had that said we used a
coupl e of conmpounds that there didn't seemto be any
di fference between the hem and the hono.

However, in the honob, there was a high incidence
of these weird odontogenic tunors that were not treatnment
rel ated, just spontaneous, we got these weird jaw tunors, so
as the aninmals got older, they couldn't eat, they had nore
animals that were being lost fromthe studies.

So, they said why don't we go with the hem zygous
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where they don't see these weird odontogenic tunors, the
animals can go the whole 20 to 26 weeks, and there seens to
be equal sensitivity. But, like |I say, a lot of the data
that Ray had generated with 20, 24 conpounds, and published
on, was with the hono. Wen they nade the decision to go
with the hem, that was another inpetus for us to get

i nvol ved and say we need to validate this hem, if that is
the one that they really want to nove forward here.

DR VESTAL: | would think it would be nice to
conpare them head to head.

DR SI STARE: Yes, and Ray Stahl at Boehri nger
Ingelheimis in the mddle of a study right nowwth
head-t o- head, |ooking at TPA and al so | ooki ng at benzene in
those studies, and he's -- | shouldn't say what he is
findi ng.

DR. VESTAL: The second point is a nore general
point, and it was touched on with the di scussion about diet.
An appealing aspect of a nodel like this, and others, would
be the potential for studying chenopreventive agents, |
woul d think. Has that been done in any systematic way ot her

than the diet studies?

DR. SISTARE: | have seen reports when peopl e have
sonething that they feel is chenopreventive -- what was this
grape -- | can't think of it right now The paper just cane
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out in Science a couple nonths ago, and they used -- it was
an initiation pronotion in the skin, and they showed that
this thing did prevent that. | haven't seen it per se with
the TG AC, but it would certainly be applicable in that
regard.

| know that one of the first things that Leder
showed was that retinoic acid blocked the ability of TPA to
i nduce papil |l omagenesi s, and sort of espoused the virtues of
the nodel for that kind of purpose, as well. | haven't seen
a heck of a lot done with it, but that was focused in the
literature

DR. TAYLOR Dr. ol dberg.

DR. GOLDBERG Dr. Vol pe, was stability a major
probl em for you in the experinent where you | ooked at the
degradation, and, if so, can you overcone that by constant
i nfusi on of drug?

DR. VOLPE: In the present study, the tine to
nadir project, sarCNU was the first drug that we have | ooked
at stability with an HPLC assay, and this is keying us on.
We have to |l ook at the other six drugs. Wat we wll do
just to conpensate and do an area, AUC type of a cal culation
as opposed to straight concentration.

A constant infusion, yes, that is a way to go,

especially if we were doing, say, a 24-hour drug exposure.
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We woul d have to be able to keep that concentration up for
24 hours and say |i ke an al zet punp, nmaybe just drop it in a
test tube or the collimators with the bone marrow cells.
That m ght be able to give us a constant infusion, or put
this into a perfusion type systemwhere the cells are in
sone sort of a vessel and the drug is constantly being
infused into the vessel, and the cells are being exposed to
the sanme concentration for that |onger tine period. Yes,

t hese are considerations that we have had, and with our
capability of the analytic chemsts, we are learning a | ot
nmore of how to do these assays.

DR. GOLDBERG  Thank you

DR. TAYLOR  Dr. Brazeau.

DR. BRAZEAU. Wth the tallinustine and the
bi zel esin studies, these were in vitro studi es?

DR. VOLPE: Yes.

DR. BRAZEAU. | amnot sure at this stage how nuch
confidence | could put into the data until | know how stabl e
t hese conpounds were, because if they are very unstable in
the murine nodel, you know, that may be a reason why you
need a nuch hi gher dose, because they are unstable, so |
woul d, at this stage, until you have got the concurrent
stability data for that one hour, and the concentrations
that you are going to be seeing, | amnot sure how much
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faith you can put in that data at this stage because that
can certainly confound the interpretation of the data.

DR. VOLPE: Right.

DR. BRAZEAU. You don't use any solvents in these
st udi es?

DR VOLPE: W tried tolimt the solvents to
et hanol and pol yet hyl ene glycol tween 80. W don't want to
use anything very caustic. W try to keep the sol vent
concentrations less than 1 percent of our total vol une,
sinply because the solvent is to kill the bone marrow cells,
and we al ways have a solvent or vehicle control in a
negati ve control

DR. BRAZEAU. Sone of ny data, that | amfamliar
with, is PEG and sone of the tweens and surfactants can be
extrenely nasty to cells, so you want to limt their
concentration.

DR. VOLPE: R ght. | have done a study with PEG
as our vehicle, and we have done it with the PEG and | ooked
at different concentrations of PEG and knew what
concentration we started to see sone toxicity, and kept our
concentrations in our culture dishes with the drugs | ower
than that, so we are very cogni zant of what the vehicle can
do.

If a drug can go into solution with saline or
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media, we are thrilled; if not, we have sone problens. Like
bi zel esin, we had to put it into a type of a solution that
was with PEG ethanol, and tween 80, and that is howit is

f or mul at ed.

W also like to look at a drug as howis it
formulated, howis it going to be fornmulated, howis it
going to be given to the patients. W would like to mmc
t hat .

DR. BRAZEAU. | think that is going to be
absolutely critical.

DR. VOLPE: And going back to your stability
question, this is just comng out to us recently in the past
several years that we have to look at the stability of the
drugs in these culture systens, how nuch is there.

W are going to have sone drugs that are very
stable, and then we are going to have drugs, |like the
al kyl ati ng agents, that aren't, and we have to | ook at
stability over that time period that we are exposing the
cells.

DR. BRAZEAU. \When you determ ne these Cr70s, do
you know that it is a linear relationship or do you need to
use a |l og signoidal relationship?

DR. VOLPE: Well, linear relationship is obviously
the easiest to do, and that is the first one | wll do, but
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| am | ooking back with the al kylating agents that | know
w Il probably have to do a signoid Enax type of data, and
amfortunate to have Dr. Fred Bal ch back in our audience,
and we will look at the data together that way.

DR. TAYLOR  Any other coments? Yes, Dr. Branch.

DR. BRANCH. One of the questions that was posed
at the beginning was are we interested in seeing real data,
and | think the answer is unequivocally yes. It was
enjoyable to see sone real data.

But | think a question that | have from seeing the
real data, the real problens, is the role of using this
information towards a guidance. It is very clear fromthe
data that you are getting that you are getting results that
didn't fit your a priori expectations in both systens.

The | ast comment of the |ast presentation was,
well, we are going to try and develop this further for a
gui dance, and | can see that being the notivation for doing
the research, and this coll aborative venture is towards
t hat .

| guess ny question is at what stage of |evel of
confidence in your systemdo you need to get before you
I ssue a gui dance.

DR. SISTARE: | was anxious to answer the question

before you got to that. The information that we are
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generating actually serves several needs. For exanple, the
| CH gui dance docunent that is out there says, okay,

i ndustry, here are several nodels, let's start to take a

| ook at these things, and sort of |ike giving thema green
light.

Now, they need to justify which nodel they are
going to use for their particular conpound, whether it is
the P53 nodel, TG ras-H2 or TG AC, they need to justify.

As an agency, we need to listen to those
argunments, so we need to have sone practical information in
our hands that says, yeah, you are right, or have you
t hought about this or have you thought about that, you know,
here are sonme real |ive pragmatic information exchanges to
hel p, you know, day-to-day operations in terns of these kind
of challenges that we are faced with, when do you fee
confortabl e enough to -- essentially, what you are asking, |
guess, is when is the nodel validated in a sense, when do
you have that confidence that the thing is validated.

| amnot sure if | said it here. | have given
this tal k about before, and one of the first things | say is
this is an evaluation, and not a validation of these nodels,
and what we need to do is we need to get to the point where
we feel we have enough information where we have eval uat ed

the thing, where we can then enbark on a validation.
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The two-year bi oassay has never been validated and
that is always thrown out there, but we have accepted and
have enbraced that.

The ideal experinment to determ ne whether a drug
is carcinogenic or not is to put it in 1,000 humans and then
get the information. You can't do that, so we accept a
proximty. W |look at rodents, we do two species to get
nore information.

Now, the question we are asking, are we
confortabl e enough to go to a nodel where we can get
information in six nonths. The benefits are real, what is
the level of risk as we go to this nodel of six nonths.
can't get give you the answer to that question that says
when we will have that |evel of confidence to enbrace these
nodel s, but it is not going to be just the FDA nmaking that
decision. It is going to the scientific community in
general saying we are ready to nove forward.

What Donna has pointed to, the European for the
Val i dation of Alternative Methods has asked the sane
guestion about these kinds of assays, and they recognize the
first thing we need to do is we need to establish sone
centers around the world that are interested in | ooking at
t hese nyel ot ox assays, and let's identify the paraneters,
the very things that Dr. Brazeau has identified.
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Questions of stability of the drug, hey, you can't
begin to validate that nodel until you highlight these very
i ssues, what are all the issues we need to be thinking
about. So, we are all in this evaluation phase at this
point. Now, let's evaluate all the paraneters and then
let's do the doubl e-blinded study, let's do the crossovers,
let's do all the things that we need to do for validation.

| guess | haven't totally answered your question.

DR. BRANCH: G ven the huge interspecies variation
and drug netabolism of nost of the carcinogens are
el ectrophilic internediates, is there nuch work going on in
trying to devel op nodel s which focus on human enzyne
expressi on systens and maybe use the idea of surrogate
mar kers of gene nutations, say, P53 point nmutations, is that
sort of noving at all or is that sort of going very
stationary?

DR. SISTARE: That whol e P53 nodel was desi gned
around that prem se that P53, it is a heterozygote ani mal,
so he has one normal P53 allele, and then one knocked out
allele, and then if you get the nutation, then, you wll
all ow the expression of the tunor that nuch earlier, and
that is the human P53 in that transgenic aninmal, so that is
one of the virtues of that P53 nodel that is being espoused.

There is also work | believe going on -- | draw
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bl anks every once in a while, | can't think of -- Dan

Ni bert, | believe they are trying to sort of a humani zed
animal, let's put human P450s in these animals and devel op
human net abolic machinery, as well, so there is these kind

of novenents afoot, but we are always going to be plagued by
t hese questions of interspecies variations because of

nmet abol i smor targets, you know, all sorts of things, they
are always going to be a nightmare and be the constant
concern of how do we make these extrapol ations, but we are
begi nning to develop tools that can answer those things.

DR. TAYLOR  Any ot her comments?

DR. BRANCH: Just one |ast question in terns of
the bone marrow. One of the problens taking bone marrowis
you have got a real mx of cell types in your system and it
is going to vary from one bone marrow to anot her.

Now, one approach to that is to enrich your cel
species, go for your progenitor cells and then be able to
| ook at toxicity and know those preferentially. Have you
t hought or tried, or is that a consideration to try and
refine and make your nodel nore discrimnative?

DR. VOLPE: Yes. Oobviously, there is going to be
a difference in colony nunbers between donors, just normnal
donors. That is why we try to keep the n value high. It is

not just an n of 3. W do see wi de variations between just
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t he nunber of colonies that we get normally froma different
donor and sensitivity of that donor to the drug, so that is
one thing you have to consider.

In separating out the cells, we always use -- in
t he human assays and the dog assays -- use nononucl ear cells
to start off with, and I would point out in the CFU-g and
the CFU-gm assays, we use the nononucl ear cells.

However, when we went to the nore i nmature cells,
the gemmcells and the HPP assay systens, we had to go and
get enriched for the CD34 population. The main reason there
is that these progenitor cells are in such | ow concentration
in the bone marrow, |less than 1 percent of the nucleated
cells in the bone marrow are these progenitor cells.

So, if we were able to just put a nononucl ear
popul ation into our culture dish, if we even put 100, 000
cells in there, we don't even get 10 colonies, so we have to
enrich that population that we are interested in.

There is pros and cons to that where, yes, our
progenitors are CD34-positive and |ineage negative, however,
what we would like to do is try to mmc what does happen in
vivo. In vivo, you are exposing all the different cells and
they may be interacting with each other, producing cytokines
as such, but we do go at least to the nononuclear cells and

t hen separate out when we | ook at the nore i mature
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popul ati ons.

DR. BRANCH: Fromthe point of view of clinical
toxicity, it's the progenitor cells that is probably the
nost potentially |ethal.

DR. VOLPE: Correct.

DR. BRANCH So there could be a priority towards
your progenitor cells.

DR. VOLPE: Right.

DR. TAYLOR It is time for a break. W wll
reconvene at 1 o'clock for the afternoon session.

Thank you.

[ Wher eupon, at 11:45 a.m, the proceedi ngs were

recessed, to be resuned at 1: 00 p. m]
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AFTERNOCON PROCEEDI NGS

[1:00 p. m]
DR. TAYLOR | would like to start the afternoon
with Dr. WIIians.
DR. ROGER WLLIAMS: | would like to take a few

m nutes to acknowl edge the conmttee's contribution and very
specifically two nenbers of the commttee, Dr. Edeki and Dr.
Davi dian. The reason | amfocusing on themis that they are
rotating off the commttee.

It is athree-year termand their term| believe
ends in Cctober, and we probably won't have anot her neeting
before Cctober, so this is our chance to express our
gratitude and appreciation. | wll just speak 30 seconds
fromthe heart. | really nean it when | say the Agency, the
Center, OPS, and | feel very strongly about the contribution
you all nmake to our efforts.

| won't gointoit. | just want you to know
feel very strongly about it. | amgoing to read a letter
and actually both Tim and Marie got the sane letter, but it
says:

"On behal f of the Food and Drug Adm ni stration and
Center for Drug Evaluation and Research, | would like to
express ny sincere gratitude for your service to the Agency
as a nenber of the Advisory Commttee for Pharnaceuti cal
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Science. The conmmtnment of tinme and expertise by our
advisory commttee nenbers is vital to carrying out our
public health m ssion.

"I'n recognition of your contribution and effort, |
would like to present you with the enclosed certificate from
the Center for Drug Evaluation and Research."”

As you can see, it is a beautiful plaque. Qur
pl agues have gotten nore high tech over the years. | would
say it is suitable for framng, but we have already sort of
done that for you

So, Tim and Marie, it has just been great working
with you over the last three years, and thanks and
congr at ul ati ons.

| will give Marie's first.

[ Appl ause. ]

DR. ROGER W LLI AMS: Pl ease check nme because |
usual ly give the wong pl aque.

Tim, thank you very nuch.

[ Appl ause. ]

DR. TAYLOR If we had nore tinme, we would all ow
you to give an acceptance speech, but not having the tineg,
we wll nove on to some science.

The afternoon and final session will be focusing
on clinical pharnmacol ogy topics, and Larry Lesko wll give
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the introduction to the session.
Clinical Pharmacology Topics

DR. LESKO Thank you, Dr. Taylor, and good
af t ernoon agai n, everybody.

W are going to have a guest speaker in our
Cinical Pharmacol ogy topic section. It is in the spirit of
communi cation that the conmttee tal ked about yesterday.
Jerry Collins is Director of the Laboratory of Cinical
Phar macol ogy. He is going to |lead off since he didn't have
that tinme yesterday.

Laboratory of Clinical Pharmacology Research

DR. COLLINS: Thank you, Dr. Taylor, nenbers of
the commttee. | sincerely appreciate your accommodating ny
schedul e and squeezing ne in today.

[Slide.]

My goal today is to introduce the new nenbers of
this commttee to our programin | aboratory-based clinical
phar macol ogy and to provide sone update for those of you who
have heard nme give the sane talk each of the |last two years.

The first overhead tells what we think
| abor at ory-based clinical pharmacology is all about. Most
of our day-to-day work has to do with anal ytical nethods,
measuring drugs and netabolites and biofluids. If you can't

do that, you don't have a programthat is |aboratory based.
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W would like to do collaborative clinical trials.
In the current budgetary climate, it is difficult to do
that. W still occasionally do that. So what we have done
largely is shift nmuch of our work to nmetabolic studies in
vitro. W have don't have to pay our collaborators to do
that. W have nore control over those studies, and that has
becone a | arge part of our operation.

A very inportant |inkage that we have devel oped
may be the precursor or the forerunner of sone of the
consortia and initiatives that you have heard about
yesterday and day, is our |linkages to our fellow federal
enpl oyees in the drug devel opnent prograns that are
sponsored by other federal agencies that provides the raw
material for us to work on.

[Slide.]

In our current climte, we really can't be al
things to all diseases, so we have tried to go for nore
sel ective excellence and just pick a few areas where we can
make the nost inpact.

In keeping with Dr. WIIlians' overall paradi gm of
research policy and review, we long ago in this project
identified our drivers. Mich of the work that we are
i nvol ved in has been nom nated to us by the New Drug Revi ew

Eval uation staff, problens that they westle with on a
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day-to-day basis, and occasionally we have sone projects
that were selected by advisory commttee nenbers |ike
yoursel ves, nore in the product review area, but things that
they felt we should be involved in.

VWhat are the payoffs? Payoffs are obviously
essential. As | said in the briefing docunent, sone of our
projects relate to very drug-specific issues, there is a
particul ar NDA pending, like to have a particular set of
data. Oher things have to do with broad policy and
results, as so many things do these days, in sonme kind of
gui dance for industry.

| personally would |ike to highlight the other,
nmore traditional academ c-oriented payoff of peer-reviewed
papers. Al of our work is intended to be published or
presented publicly. GOccasionally, we do get an enbargo
because of confidentiality, just as you fol ks do, but
eventual |y, everything should be in the public donmain.

I n your review package, | only listed the papers
t hat have conme out of our |aboratory since the last tine
this coomittee has net. | feel very strongly that these
papers are not just padding for the Cvs of the individual
staff, but they are an elenent of the credibility of the
CDER research program and | think that we ought to put

particul ar enphasis on that.
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[Slide.]

My | ast overhead is the cover sheet fromthe
Gui dance to Industry on drug netabolism drug interaction
i ssues. A paper copy is in your briefing package. For
t hose of you who brought your World Wde Wb with you, the
address is on the bottom

This project really was a joint effort. It drew
upon expertise scattered throughout CDER in the review
di vi sions, people who actually review, on a day-to-day
basis, drug netabolism drug interaction data.

We had input in this process fromacadem a
t hrough trade associ ations, and other nmeans, from our
col l eagues in both industry and academ a, but the roots of
this project and the foundation for this guidance lays in
the research programthat we have in | aboratory-based
clinical pharmacol ogy.

Much of the agenda that you have seen today and
yesterday especially has been future-oriented directions
that the Center is going. It was nice earlier this norning
to hear Frank and Donna present sone nore present-tense,
early prelimnary data.

| think the enphasis for our programis already in
the presence tense. In our view, over the |ast several
years, we have been contributing to individual drug-specific
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i ssues that the Agency is facing. W are contributing on an
ongoi ng basis to policy devel opnent, and we have a publicly
avai l abl e track record of continued consistent productivity
over the years, and it nice to see sort of a balance here
bet ween a programthat has been ongoing for a couple of
years, progranms that have just started, and initiatives that
the Center has for the future.

Thank you.

DR. LESKO | think the planis to finish with
sone of the other speakers and then nove into a discussion
period, so |l will just nove forward. | have to see which
set of comments | am going to nmake here.

Introduction

[Slide.]

DR. LESKO | want to introduce

, and take only about five mnutes to do so, the
section of the commttee neeting that we call dinical
Phar macol ogy Topics. | guess the first thing | want to say
is that while they are individual topics, they are part of
an overall strategic plan, and as you will see | think when
you hear about sone of these topics, they are very nuch
i nt er connect ed.

[Slide.]

To frane the discussion this afternoon, | want to
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start with the challenge that really faces the drug sponsor
and the regul atory review process, and that is to docunent
and denonstrate evidence for clinical safety and efficacy,
and fromthat information which is usually obtained from
Phase Ill controlled clinical trials, to get an esti mte of
the therapeutic ratio of the drug.

[Slide.]

Now, in the ideal world, a new nolecular entity is
going to have no variability in response, and it foll ows
that in the absence of variability, the drug dosing of that
product becones very straightforward.

[Slide.]

One mght inmagine in the absence of variability
that the dose range for target populations is extrenely
narrow, that is, one size would fit all, the same dose would
be suitable for anyone in the target population, and in fact
the | abel would not necessarily require any particul ar dose
range to accommodate variability.

[Slide.]

The reality is, though, in the world of
pharmaceutical fornulations there is reality, and | think a
| ot of the issues that were before the commttee yesterday
dealt with the area of biopharmaceutics. As Roger

ment i oned, biopharnmaceutics focuses on product quality and
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t he assurance of consistent and good quality performance of
t hose products as neasured by dissolution, bioavailability,
and bi oequi val ence.

So, when we hear things about saneness, the issue
of saneness and equivalence is all intended to reduce that
variability to nmake dosing a little nore easier in terns of
the therapeutic use of the drug.

[Slide.]

On the other hand, today we are focusing in the
area of clinical pharmacology, and it is perhaps as great,
if not greater, a source of variability in response.
Because of the conmbined variability between the
bi ophar maceutics and clinical pharmacol ogy, we end up in
practice wwth a dose range for target popul ations, a dose
range in the | abel to accombdate a wi de range of recipients
of that product, and also the need to get information on
dose individualization when that is necessary.

[Slide.]

So when we think of the things that we will talk
about today, | think they are designed to address the issues
of what do we want to know about the clinical pharmacol ogy
of the drug, what do we want to know about the variability
and response, and the sources of that variability, and how

can we account for it in ternms of the dose in the target
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W will hear a little bit about adjustnents for
risk groups this afternoon, and all of this information,
besi des supporting the safety and efficacy of the product,
is intended to provide for dose and dose individualization
and subsequently, the optinmal dose for the patient.

[Slide.]

Now, the aspects of the clinical pharmacol ogy
programthat we will be hearing about today, first of all,
Dr. Gene Wllianms will present what we call the core
information. This is the core information in
phar macoki neti cs/ pharmacodynam cs that we are thinking is
essential to the assessnent of the drug's clinical
phar macol ogy.

When we tal k about adjustnents for risk groups, we
wi || hear about drug-drug interactions, and the initiative
that is underway in terns of guidance devel opnent there.

Thirdly, when we tal k about the inpact of PK/ PD
know edge in drug devel opnent and regul atory review, we wll
hear fromBill Gl espie tal king about that topic.

Finally, an initiative which ties a |lot of the
previous information together is going to be presented by
Dr. Hepp, who will talk about the dinical Pharnmacol ogy
section of the package insert, which deals wth things,
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anongst which are the dose range in the | abel.

Again, ny introductory perspective on this is that
we Wil be seeing a good chunk of the clinical pharmacol ogy
programin OPS and in OCPB, and | hope you will have sone
coments to make on it and sone questions to ask about it.

Wth that in mnd, | would Iike to introduce the
first speaker here, Gene WIlians, and he wll focus on what
are the questions and what do we need to know.

Providing Clinical Pharmacology and
Biopharmaceutic Data for Human Drug Products

DR. GENE WLLIAVS: Thank you, Larry.

[Slide.]

VWhat you see in front of you nowis the title of
my talk. It is also the title of a guidance that is in
preparation by the Ofice. | was selected to present this
to you today because | had the good fortune of being
co-chair of the working group that is developing this
gui dance. Larry Lesko was the other co-chair.

As Larry probably nade clear, our guidance is not
giving detailed specific information on the w de range of
things that we like to see in an NDA. Rather, the thinking
is this is a home page of sorts. It gives a general
phi | osophy of drug devel opnment and then explains at a very

fundanmental |evel the sorts of things that we m ght expect
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to see in an NDA

[Slide.]

The docunent is divided into three sections. It
begins with an introduction, and then were are two
scientific sections. The first is Cinical Pharnmacol ogy.
That is the one that | wll| address today.

Currently the docunent is not organi zed precisely
the way | amgoing to outline, but for the purposes of the
presentation, | think this is a valuable way to present it.

We divided the Cinical Pharmacol ogy section into
four different topics: Pharnmacokinetics; Pharmacokinetic/
Phar macodynam ¢ or PK/ PD Anal yses; Patient Characteristics
Affecting PK and PD;, and finally, In Vivo Drug Interactions.

[Slide.]

Addi tionally, as was probably evident fromthe
title of the docunent, we cover biopharmaceutic topics, as
well, and they are divided into three different areas:

Bi oavai l abil ity and Bi oequi val ence; Food Effects on BA and
BE;, and In Vitro Dissolution. As | nentioned, | won't be
addressing these today, but | thought it valuable for you to
know t hat the gui dance does cover currently both topics.

[Slide.]

The I ntroduction of the guidance establishes a
general phil osophy. Anong the information there is we try
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and convey the idea that what we seek is information, not a
drug devel opnent schene. It would be audaci ous of us to
tell industry how to devel op their drugs.

So, what we are trying to outline is not
necessarily a path towards your goals, but the sort of
information that we think is inportant to have in hand at
the end when you file your NDA

We al so point out that what we are going to talk
about is a general approach, it will vary. Mst obviously,
it will vary according to the clinical use of the product
you are devel oping and the route of adm nistration.

Al so, the information we are conveying is probably

nost rel evant to devel opment of an NVE or new nol ecul ar

entity.

[Slide.]

| have organi zed the renai nder of what | have to
say in the followng manner. First, | will identify the

topic and the topic wll be one of the four | have al ready
listed for you within the dinical Pharnacol ogy area.

Once | give the topic, | will explain the use of
the information or the why of why we seek this sort of
information in NDA. This will be followed by a description
of what exactly is it that we seek, the data that we are
interested in obtaining.
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| will the add the timng of the studies, and this
is not -- again, this not wwth the attitude of trying to
dictate a drug devel opnent program but rather because we
recogni ze that certain information is nost valuable if
accunul ated at certain points of tine. So, we provide sone
gui dance as to when we think it would be val uable to have
this information.

We are trying to explain how we see the utility of
the informati on and how that mght fit into a devel opnent
program Then, | will conclude in those instances where
such is available by saying that a gui dance on the topic by
itself is available.

[Slide.]

The first topic is Pharmacokinetics.

Phar macoki netics information is useful when conbined with an
assessnent of activity, that is, we want to neasure what is
active. It is useful in acquiring a PK/PD rel ationship.

That is, if we understand how concentration relates to
effect, we can devel op a dosing strategy for further study,
and finally, in the end, this sort of information translates
to | abeling.

The informati on we seek for agents given under
mul ti pl e dose conditions would be single and nmultiple dose

phar macoki netics. W would want a description of the inter-
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and intra-subject variability in the typically assessed
pharmaco paraneters, and finally, an assessnent of dose
proportionality and linearity.

As far as the timng, we do not give specific
information as to the timng, but it is clear fromthe use
of the information that the earlier on this information is
acquired, the nore valuable it has potential to be used.

We point that one study can acconplish several
different objectives. It is not unusual for us to receive
an NDA with a nunber of descriptive PK studies, and the
utility of these studies is questionable. Otentinmes it
seens to us that sponsors could probably do | ess and satisfy
regul atory expectati ons.

We appreciate that sponsors don't always do
studies for regulatory objectives, nonetheless, we think it
is valuable to provide gui dance and say that one study, if
strategically placed and well designed, can acconplish a
nunber of the purposes that we seek.

[Slide.]

The second topic is PK/PD Anal yses. As Larry
mentioned, Bill Gllespie is going to speak in much nore
depth as to what we believe the value of these sorts of
studi es are and approaches that can be used in performng

t hem
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I n our guidance, we begin by saying that this is
useful in establishing a reginen for later study. As I
mentioned previously, in conbination with pharnmacokinetic
i nformation, the pharmacodynam c or the effect can be
utilized in this way.

It is also especially useful in interpreting
issues. Otentines there wll be a change in the PK or PD
for special populations and the question is what do we do
about it, howinportant is it to put that information in
| abeling, is it a clinically relevant change.

Furt her bi oequival ence determ nati ons can take
advantage of this sort of information. |If a sponsor fails
to nmeet rigid bioequival ence criteria, an evaluation can
occur as to how inportant that is in the setting of
devel opi ng an NME and what we should do about it, how we
shoul d base our regul atory deci sion.

Finally, as with nost of this information, it
eventually wll translate into |abeling.

The kind of information we seek begins with a
measurenent of effect. That can be either direct or
indirect, indirect meaning a surrogate effect. If a
surrogate is used, it should be justified prior to being
used, possibly with consultation fromus, possibly not, but

if such is valued, you know, we are welcone to tal k about
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Finally, it should be validated. |If a surrogate
is selected in early Phase I, that woul d be unusual .
Perhaps it would be better to talk about Phase II. |If the
surrogate is selected in Phase Il, it is useful for us to
have that surrogate validated, if possible, in Phase II
trials.

Finally, if there is an inability to discern a
PK/ PD rel ati onshi p, we would ask that there be discussion.
It is useful to know why the sponsor thinks that such may
have been unsuccessful.

[Slide.]

One of the primary goals of perform ng these sorts
of anal yses should be to devel op an opti mal dosing regi nen
in |later phase confirmatory trials. Towards that end, this
information is especially valuable if accunulate early in
the drug devel opnent program

Then, it is worthwhile to continue to reexam ne
the PK/PD relationship in |later stage trials. This can be
val uable for identifying covariates in a patient popul ation
nmore like that, that will be encountered after the drug is
approve.

Finally, a guidance on this matter, i ndividual

gui dance addressing with greater particularity these issues

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

is in preparation by the Ofice.

[Slide.]

Patient Characteristics Affecting PK and PD. It
seens pretty obvious that if you understand how the drug
behaves in different popul ations, you can wite dose
adj ust mrent recommendati ons for the product |abel.

The informati on we seek. First, | mght say that
t he speci al popul ations that get studied nay depend in part
on a know edge of the drug. For instance, the results of a
mass bal ance study can be useful in determ ning how the drug
is elimnated and thus what popul ations are necessary to
st udy.

Most comonly we ask for body surface area and the
ot her characteristics nentioned here. Less commonly it can
be valuable to acquire dietary or genotype/ phenotype
i nformation.

[Slide.]

This isn't timng per se, but it gets at the idea
of when the information is accumul ated. For the npbst conmon
informati on we woul d expect it to be accunmul ated for al
subjects in clinical pharnmacol ogy and bi opharmaceutic
studi es.

This doesn't seemto be a very stringent

requi renent. The nost common data is accunul ated routinely
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and it is a small matter to present it to us.

The | ess common data would only be accumnul ated and
subm tted as reasonable. C(Cbviously, it is unreasonable to
provi de dietary or genotype/ phenotype information in a | arge
Phase 111 trial under normal circunstances.

The Agency has issued a nunber of gui dance
docunents regarding the study of special populations. Four
are listed here. There are not OCPB gui dances per se, they
conme fromthe entire Center, but they are relevant to this
t opi c.

[Slide.]

Finally, the last topic | wll approach is In Vivo
Drug Interactions. As Larry described, we have the good
fortune of having Shiew Mei Huang here to tal k about this
with greater specificity.

We al so have the good fortune to have Shiew Mei be
a nenber of our working group, so we hear firsthand.

The utility of this information | m ght begin by
saying that current in vitro drug interaction studies are
insufficient to conclude that no interaction is occurring,
that is, a negative result is not definitive.

The reason for this is fairly obvious. First, not
all drugs are netabolized by known systens, the systens
being studied in in vitro studies. Secondly, drugs can be
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nmet abol i zed by nore than one systemeven if they are
met abol i zed by a known system

Finally, non-netabolic interactions are not
addressed in typical in vitro studies of the type that we
are speaki ng about here.

[Slide.]

There are a nunber of factors to be considered
when trying to discern when it is necessary to performin
vivo drug-drug interaction studies, and which ones to
perform Five are listed here. Oobviously, this is an area
of nmuch and grow ng scientific know edge.

The first would be the inportance of the pathway,
what percent of your drug and the conpeting drug are
nmet abol i zed by a gi ven pat hway.

Secondly, the affinity and concentration at the
site where netabolismoccurs in vivo.

Third, inter-individual differences in the
activity of the netabolizing system

The nmechanismand tinme course of the interaction
are obviously relevant, and finally, the route and regi nen
of both drugs woul d be consi dered.

[Slide.]

The timng of when this information is accunul at ed
or how we see it fitting into devel opnment of the programis
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not expressly stated. There is guidance available on this
topic. First, as Jerry nentioned, there is anin vitro

gui dance currently avail able, not directly addressing the in
vivo situation, but certainly hel ping provide information
that is useful in discerning the need for in vivo studies.

Secondly, an in vivo guidance is in preparation.

I ndeed, | think that is what ShiewMei is going to talk to
us at least in part, if not predom nantly about today.

That is all | have to say. Thank you.

In Vivo Drug Metabolism/Drug Interactions

[Slide.]

DR. HUANG As you have heard fromDr. Collins and
now Dr. WIllians tal king about the guidance, it is right
here, the in vitro guidance, to talk about what is our
current thinking on using the in vitro nmetabolism
interaction technique to address drug interaction.

| had a chance to review it last May while | was
still at Dupont-Merck, and we really liked it. The |ast
AAPS neeting in Seattle, also, there is a presentation about
how PhRVA really liked this guidance and how we communi cate
t hrough the guidance to the pharnmaceutical industry.

So, in January of this year we fornmed anot her
group, a working group, to look at the in vivo aspect of

drug netabolismand drug interaction.
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VWhat | will do today is just to tell you where we
are in the guidance devel opnent process and in six nonths
time | may conme back and seek your gui dance on specific
I ssues.

[Slide.]

As | nentioned, we have fornmed an In Vivo Wirking
G oup, which is under the CDER Medi cal Policy Coordinating
Commttee, chaired by Dr. WIllianms and Tenpl e, under the
Clinical Pharmacol ogy section, chaired by Dr. Lesko, so we
have input fromthe | eaders here and the nenbers of these
two conm ttees.

The In Vivo Wrking Goup consists of nmenbers from
our Ofice of dinical Pharmacol ogy and Bi opharnmaceuti cs.
We have Dr. Ajayi, Balian, Barnette, Baweja, and Rahman. W
al so have Dr. Collins fromthe Ofice of Testing and
Research, and we have Dr. Honig fromthe Ofice of Drug
Eval uation, so we have different people from CDER

Once we had the group forned in January, we
identified issues that the group would Iike to address. W
started to involve other nenbers from CDER to hel p us
address individual issues, for exanple, we have Dr. Marroum
when we tal k about study design and | ook at the database
t hat the Agency has.

Then we have statisticians, we have Dr. Machado

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

and Schui rmann when we tal k about what kind of study design
and data interpretation. Wen we talk about |abeling, we
have Dr. Hepp, and we also talk to our Special Governnment
Enpl oyees, Dr. Venitz and Dr. Hauck, to consult on specific
I Ssues.

[Slide.]

First, | would like to reviewwth the commttee
what kind of current statutory requirenents on drug
interaction. Here, under 21 Code of Federal Regul ations,
under Labeling and Contraindications, is stated the
conditions where a drug should not be given when is clearly
a risk which is outweighing the benefit, and the situations
i nclude the use of drug in patients because of concontant
t herapy and have a substantial risk of being harned by it.
Here, we say known hazards will be stated in this section,
not theoretical possibilities.

Anot her section that addresses this issue is
Precautions on the Drug Interaction. It says that we need
to give, this |abeling shall give specific practical
gui dance for the physicians on preventing clinically
significant drug-drug interactions.

It tal ks about specific drugs or classes of drugs
with which this labeling applies to may interact in vivo

shall be identified, and the nechani sns of interaction shal
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be descri bed.

Here, although it says that in vitro and ani ma
data do not belong here, but if they are clinically
rel evant, then, they will be in the | abeling.

What | would like to say is based on the statutory
requi renents, what are getting in the subm ssion? So,
would like to share with you two surveys that were conducted
by our Ofice.

[Slide.]

First, is fromDr. Marroum He reviewed the
subm ssions that were approved between 1987 to 1991, and he
| ooked at, out of the 98 new nolecular entities that were
approved between this period, about 32, or about a third,
that had interaction studies. On average, there are about 4
studies with a range of 1 to 8. In this period of tineg,
nost of the interaction studies were conducted with a
typi cal agent like cinetidine, digoxin, warfarin, and so on,
not taking into account what the nmechani smof interaction
is. O course, there is no information on isozynes.

I f you | ook at another, nore recent survey by our
Ofice, and was presented by Dr. Mehta and Lesko at ASCPT
meeting |last March, where we | ook at the subm ssions that
were reviewed in 1995, so that would include subm ssions

probably from 1993 to 1995.
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We | ook at, out of the 29 new nol ecul ar entities,
there are about half, which is 50 percent nore than what we
see in the previous period. The average study is about 6
with a range of 1 to 15.

Personally, after | joined the Agency in Septenber
of last year, | have been in the briefing, and | have seen
about two dozen of new nolecular entities, and | don't have
the exact statistics, but | can see the studies have
i ncreased and they are nore targeted based on nechani sm of
i nteraction.

Sonme of them have used in vitro information to
design their in vivo interaction. So, the selection of
interaction has inproved, and the quantity of studies has
al so increased, but I would like to share with you what
about the quality of this study, are they designed to give
us the information that we would |Iike to have.

[Slide.]

Did the studies really give us the information
that we would Iike to have? Are we neking assunptions that
we shoul d be maki ng? For exanple, the typical subm ssion
that we see uses six subjects, 12 subjects, crossover or
parallel. | mean can we extrapolate data from si x norma
subjects to a popul ation of people with various di sease
states or different disease states that is being treated?
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Are we willing to extrapolate fromsingle dose to
mul ti pl e dose, and how sure do we want to be? | nean is the
study large enough to tell us what do we expect in the
| arger spectrum of patient popul ati on?

[Slide.]

So, the working group | ook at the data, | ook at

the database. W are still collecting data. And we
deci ded, well, these are the areas we want to address in the
guidance. First, | would like to talk about when the

studi es are not necessary or when in vivo studies are not
necessary.

[Slide.]

These are the factors that we think we should
consi der when we are considering whether we need in vivo
studies or not. These are factors that how woul d ot her
conpounds affect the new nolecular entity. So, we need to
| ook at the contribution of the netabolic clearance to the
overall clearance. It is significant. This, we wll need
to use LCVMSMS to get an idea of netabolismor we use a nass
bal ance. W need sone in vivo information early on in
humans.

What about the contribution of particular
i sozynes? Even the netabolism my be an inportant pathway,
but it would be different when the alteration of one isozyne
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for a drug which is netabolized by single isozyne versus a
conpound which is netabolized by a 5-difference isozyne,
because you could have netabolic shifting, you could have
ot her pathways that take over when you alter one of the
met abol i zi ng enzynes.

In tal king about in vivo studies, a lot of tines
we make our judgnment based on in vitro data, so how good are
the in vitro determnation of Ki's inhibition, and are they
rel evant, are the concentration that we used in in vitro
studies relevant to clinical situations?

The other factors we have to consider al so the new
nmol ecul ar entities effect on other conpounds, naybe because
of coadm nistration. |In this case, this factor may not be
as inportant. You could have conpound which is conpletely
renally excreted, but yet is it affecting other conpounds
nmet abolism |ike fluconazole, nostly renally excreted, yet
is affecting 2C9 and 3A4 to sone extent. Like quinidine is
not a substrate for 2D6, and yet it inhibits 2D6, so
different factors when you | ook at what aspect of
interaction we are consi dering.

[Slide.]

| would just like to discuss a little nore in
depth on when we are deciding whether in vivo studies are
necessary. W are essentially saying if we can use in vitro

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

information, then, there nust be sonme kind of in vitro/in
vivo correl ation.

[Slide.]

So based on the know edge, the database we have
right now, can we really extrapolate fromin vitro studies
toin vivo? Wien in vitro studies show interaction
potential, | mean there is one case that we give in the in
vitro gui dance, and maybe we can | abel as such, or we can
conduct an in vivo study to confirmthis interaction or give
the practitioner sonme way of handling dosing, to dose a
patient safely and effectively, or maybe we want to refute
and do a study to show that in vitro does not predict in
vivo, and then | abel as negati ve.

The exanple here | have is ritonavir and pinozi de.
Pi nozi de is a conpound approved in 1984, and it's only later
-- of course, at the tine, there was no isozyne information
available -- it is only when sudden deaths was reported.
When pinozide was given, it was clarithromycin, and recent
studies in vitro showing that clarithromycin appeared to
i nhibit pinozide nmetabolism which is 3A, and causing the
bui | dup of pinozide, which increased the QD interval
causi ng sudden deat h.

So, we know ritonavir is very potent 3A for

inhibitor, so we got an in vivo study. Abbott decided to
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put this in |abel pinozide is not contraindicated with
ritonavir. So, this is a case to showin vitro data when
you think it is reasonable to say that there will be an in
vivo interaction that you can | abel as such.

[Slide.]

What about if you have in vitro data and show ng
there is no interaction, do we |abel as such? | nmean how
sure are we that there is an in vitro/in vivo correlation or
do we need to conduct in vivo study?

These are the issues that the working group is
pondering with, and these are issues that | have to briefly
mention, how relevant are the clinical dosing conditions,
the concentration used, are they clinically rel evant?

If the interaction site is in the liver, can the
pl asma concentration that we are using reflect the |iver
concentration? Wat about protein binding? Theoretically,
are any of the free concentrations avail abl e?

How about extrahepatic? A |lot of conpounds that
we know, we thought there is a first pass hepatic netabolism
causing |l ow bioavailability, but recent data have shown that
probably not, they are small intestine netabolism O maybe
it is p-glycoprotein, and p-glycoprotein, even if it is
expressed with 3A4, but | nean there is a correlation, and a
| ot of inducers also induce p-glycoprotein, so these are
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factors that we have to put into consideration when we are
considering in vitro to in vivo.

Anot her aspect is induction. Are we confortable
with the technique right nowin vitro that we are
confortable with using in vitro systemto predict an in vivo
condi tion?

[Slide.]

Next, | would like to tal k about study design data
analysis. In talking about study design data analysis, the
group felt that these are the inportant factors we need to
consider. Subject selection again, do we use normal or do
we use patient? | mean there are instances where patient
popul ation will have different enzyne activity, for exanple,
the AIDS group may have a hi gher percentage of slow
acetylators, and we have to put that into consideration when
we are thinking about how to design a study.

Drug adm ni stration. Wat kind of dose, do we use
t herapeutic dose? The EMEA guideline, they are suggesting
maybe we shoul d use higher than therapeutic dose to naxim ze
the interaction effect, but oftentines we see sponsor, they
may use a | ower dose than what they would recommend, and
what do we do with the data?

Selection of interactants. Based on in vitro

informati on, we m ght have selected an isozynme to study, but
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even within one isozyne, how do you prioritize which
conpound to study first, and sonetines not based on
mechani sm of action, because they wll be coadm nistered, so
how do you sel ect which conpounds to use? You don't want a
conpany to do 49 studies, which we mght see in sone
subm ssi ons.

Study design. Do we use single dose, nmultiple
dose, crossover, parallel? Do we use placebo or open |abel,
do we want to have pharnmacodynam c neasurenent? Then, we
ought to do a doubl e-blind.

Data anal ysis. W know the drug interactions,
sone are variability. | nean, for exanple, the terfenadine
study we saw, at |east there is one study where they showed
only 3 out of 8 subjects has increase in terfenadine |evel
when you give the sane dose, so there is a variability. You
can have one subject with a high inhibition, but the other
subj ect has none. So, how do we design a study and use
analysis to capture all this information, wll point
estimate give us the information w thout concern of
variability or do we use sone kind of confidence interval?

In order for us to use the pharmacokinetic
paraneters, we are assumng there is sone kind of PK/ PD
rel ati onshi p, and Gene has touched upon it and Dr. G|l espie
w Il elaborate on that area, but we certainly need sone nore
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information in that area to help us just decide whether the
phar macoki neti c paraneters has a bearing on the clinical end
poi nts.

So we probably need sone nore information.

Finally, how to use the population. W sonetinmes
see sponsors who didn't do any specific study to address
drug interaction but they used a post analysis, using a
popul ati on approach to capture if there are drug interaction
potential. | think the guidance we want to address is how
to best design a study to give us the answer that we woul d
i ke to have.

Finally, all the studies we tried to do to see
what kind of information we can provide the practitioners on
how to dose safely and effectively we would like to put in
the |l abeling. How do we select interactants? Dr. Hepp wll
talk about this later as far as | abeling.

And then what do we report in the |abeling, do we
put that in dose admnistration? Do we put it in
precautions, warning? Wich section of |abeling do we want
to put it in so that we give useful information for the
provi der ?

And what about nethods of eval uation, do we just
want to say, well, there is a 15 percent change in Crax,
what does that nean to the practitioner, is it useful?
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Maybe we should just say, well, there is no interaction and
there is no dosage adjustnent necessary.

And there is all other factors, what do we do
reporting single dose assumng it will apply to multiple
dose, negative in vitro data? | nean there are sone
exanpl es given, but are we confortable in doing that and
apply to nost of these instances, and the effect on
co-adm ni stered drugs.

[Slide.]

| would |ike to sumrmari ze the group's progress
since January. W have identified the issues that | have
talked to you, and we are obtaining early input from
i ndustry and academ a. W have in-house courses to talk
about drug interaction fromour internal individuals, from
universities, and fromindustry.

W w il have a neeting wwth PhRVA at the end of
May to tal k about the issues and get their input even though
we don't have a guidance, and we are given input in the fal
wor kshop by PhRVA to see what kind of issues we would |ike
to get input.

We are crosstal king with NPA, who just had a draft
gui dance in the drug interaction area.

So, | would like to close wth the issues for the

commttee nenbers. This is the issues the working group
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thinks are very inportant and would like to get input from
you next tinme - when in vivo studies are not necessary, how
do we select interactants, study designs, data anal ysis, and
t he | abel i ng.
Impact of PK/PD Knowledge on
Regulatory Decision

DR. G LLESPIE: Good afternoon. M nane is Bil
Gllespie. Wiat | would Iike to do inthe little bit of
time | have got here is to share with you a few thoughts
about the potential inpact that PK/ PD know edge,
particularly quantitative know edge, could have on
regul at ory deci si ons.

| guess maybe | should coment what we are really
doing today is kind of giving you kind of a snapshot in an
overal |l deliberation and thought process that we are
undergoing right nowin terns of considering where does
PK/PD fall in terms of the kinds of regulatory decisions we
want to make.

[Slide.]

My focus is going to be on PK/PD rel ati onshi ps and
particularly quantitative relationships, and particularly
what | amnot tal king about is the entire real mof both
phar macoki neti cs and pharnmacodynamcs. | really want to

tal k about the rel ationship between the two, and that neans
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t hi ngs such as dose response and concentration response.

| want to tal k about these in relationship to
clinical drug devel opnent, and right now our thought
processes are focusing primarily on issues related to
ef fi cacy assessnent, although hopefully sonme of this wll
al so evolve into considerations regardi ng safety.

[Slide.]

The general thene that we are working on right now
is the idea that PK/ PD know edge may i n sone cases reduce
regul atory burdens and that it can enhance the drug
devel opnment process and its outconmes both by making it nore
efficient and perhaps nore inportantly, meking the end
results nore informative.

[Slide.]

These ki nd of represent sone of the things that
drive sone of the things we are thinking about. There are
sone gui dances under devel opnent that are relevant to sone
of these discussions.

One is entitled "Providing Adequate C i ni cal

Evi dence of Effectiveness,” and that one already exists as a
draft available for cooment. |In fact, it is available
t hrough the World Wde Web right now.

The gui dance pretty nuch states the way things are

right nowin terns of assessing efficacy. It |eaves the

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

door open a bit for the use of PK/ PD and PK/ PD nodeling, but
it isn't very explicit about that, and that is where the
next gui dance devel opnent project conmes in, and that is a
gui dance devel opnent project having to do with PK/ PD, which
is kind of the central focus of the thought process we are
tal ki ng about today.

Anot her one which ties in sonewhat is there is a
devel opi ng gui dance on popul ati on pharmacoki netics, as well
as population PK/PD. The last itemhere is a sort of
research of nethod devel opnent project that is ongoing right
now within our office, that has to do with using sone
clinical trial sinmulation to assess different drug
devel opment strategies and, in particular, to assess how
they influence dosing or a selection of doses for specific
subpopul ati ons.

[Slide.]

The broad question we have got anobngst oursel ves,
as well as to you, is in using PK/ PD know edge for
regul atory deci sions, how far do we push the envel ope, how
far can we reasonably take this with the current state of
the art, to what extent can and should PK/ PD be used for
ef fi cacy assessnent.

The basic argunment here is should we not nake sone
intelligent use of scientific principles and specific PK/ PD
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know edge about rel ationshi ps between things |ike

phar macoki neti cs, pharnmacodynam cs, and di sease

pat hophysi ol ogy, and if are to use that, how should such
princi pl es and knowl edge contribute to things Iike drug
devel opnent strategies, study designs, and data anal ysis,
and finally, how should they contribute to things |ike
regul atory decisions pertaining to efficacy and safety.

Finally, to answer those, what is the current
state of the art and what is the current state of opinion
and acceptance on these net hodol ogi es.

[Slide.]

Here, | have identified four areas that | think
are opportunities for using PK/PD in regul atory deci sions.
One has to do with using PK/PD knowl edge as a tool for
maki ng i nferences for PK studies.

The next one is the idea of in sone cases being
able to use PK/PD studies as alternatives to conventiona
efficacy trials under certain circunstances.

Three, a bit nore specul atively, the idea of
actually incorporating PK/PD nodeling as an integral
conponent in the analysis of large efficacy trials, such as
we see in Phase II1.

Finally, another regulatory application is using
PK/ PD nodeling as a tool in devel opi ng and eval uati ng
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policies and recomendati ons.

| want to hit on each one of these briefly to sort
of illustrate what we are thinking about.

[Slide.]

Now, the first one, the idea of using PK/ PD
know edge, background know edge, coupled with PK
information, is a relatively non-controversial aspect for
the nost part, and | guess you could argue it is
conventional and we probably do it on a regular basis even
if only in an informl way.

The argunent here is that PK/ PD provides a
potential basis for nore rational and therapeutically
rel evant things like PK criteria for bioequival ence and for
i nterpreting pharnmacokinetic studies in special populations
and drug-drug interactions, and then, of course, influencing
the resulting | abeling and dosi ng recommendati ons.

[Slide.]

The rationale here is that pharmacokinetics is
pretty good at precisely characterizing drug disposition,
but it really provides only qualitative inferences about
t herapeutic outcones unless it is coupled with quantitative
PK/ PD know edge.

[Slide.]

The argunent here is that PK/ PD know edge is
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real ly what provides our quantitative bridge between PD and
phar macol ogi ¢ response, or said another way, PK/ PD know edge
makes phar macoki netics really nore rel evant and useful for
maki ng quantitative inferences about the therapeutic
outcones in drug treatnent.

[Slide.]

Finally, | guess who cares? Wll, sonme potenti al
payoffs for PK/ PD know edge used in this way m ght be things
i ke rel axed bi oequi val ence criteria in some instances.
Certainly a nore rational interpretation of our
phar macoki netic studies in such things as speci al
popul ations and drug interactions resulting in better
| abeling and, nore inportant, better dosing recommendati ons
for patients.

I n sonme instances, one mght argue that it m ght
allow for the use of a pharmacokinetic study in lieu of a
| arge efficacy and safety trial.

[Slide.]

More on that really cones under this heading.

This is the second heading | gave, and that is the idea in
sone i nstances perhaps PK/PD studies could serve as
alternatives to conventional efficacy trials, and sone areas
where this is already considered at least to a limted

degree is the idea to use a PK/PD study or in sonme cases
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even PK/ PD know edge plus a PK study to denonstrate

ef fectiveness under new conditions for a chemcal entity
whose efficacy has already been shown under sone ot her
setting.

For exanple, we mght use this in the case where
we want to extend the application to other popul ati ons based
on such factors as age, gender, ethnicity, or concomtant
di sease.

Al so, PK/PD m ght be adequate in sone instances
for things |like new dosage forns or dosage reginmens. At its
sinplest, that is really what we already do in the
bi oequi val ence context when we have snmall changes in dosage
forms we already use PK in many instances as an alternative
to doing efficacy trials.

[Slide.]

Anot her area where PD and PK/ PD nodel i ng has cone
into play in a regulatory setting is using bioequival ence
based on PD neasurenents for |locally acting drug products,
such as topicals and inhal ers.

[Slide.]

We have al ready got one regul atory application for
this. If we take a | ook at the pediatric rule it says that
the "FDA may approve a drug for pediatric use based on

adequate and well-controlled studies in adults, with other
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i nformati on supporting pediatric use."

In at | east sone cases, that other information
could be interpreted to nean pharmacokinetic or PK/ PD
studies in children. The question cones up is could we
maybe extend this sane notion to other types of
subpopul ations, is there anything that uni que about
pedi atrics that requires us to limt this to that subgroup.

[Slide.]

Anot her regul atory application is opened by
anot her docunent here. There is in devel opnent part of the
| CH guidelines | abeled as E5 has to do with ethnic factors
in the acceptability of foreign clinical data. The idea
here is if you have got a drug approved in one setting, and
you have shown efficacy with one group that is associated
with some region or ethnicity, could we maybe extend the use
of the drug to other regions by using so-called bridging
st udi es.

Wel |, nost conventionally, that bridging study
woul d be a single efficacy trial in that group, but the
argunent coul d be nmade that perhaps a PK/PD study in that
group mght be sufficient to denponstrate efficacy or to at
| east extend the prior denonstration of efficacy to the new
gr oup.

[Slide.]
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O her places where PK/PD can cone in is in new
dosage forns or dosage reginens. Basically, what | have got
here is suggestions that it could be used to approve cases
where there is a change in rate, route, or reginen, the idea
of going, for instance, frominmedi ate rel ease to extended
rel ease, we can ask the question does rate nake a
difference. Well, perhaps PK/PD can tell us sonething about
t hat .

Does route nmake a difference? Again PK/ PD m ght
be able to tell us sonething about that. New dosage
reginens. |f you have information about PK with a given
dosage regi nen, and know sonet hi ng about PK/ PD, you m ght be
able to argue without doing full-blow efficacy trials that
that new reginmen is appropriate.

[Slide.]

| briefly mentioned the idea of bioequival ence
based on pharmacodynam ¢ neasurenents, and for those of you
that were here for |I believe it was the ACPS neeting, this
was a major topic. It actually was a joint one with the
Pul nonary group

The idea here is that PD nmeasurenents coupled with
PK/ PD nodel i ng m ght be appropriate for assessing
equi val ence on a pharmacokinetic scale for what we then

termed the dose scal e approach
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This is nost relevant to drugs wth non-systemc
sites of action, such as topicals and inhalers.

[Slide.]

Actual ly, what | covered just now is the notion
that in sonme cases, PK/PD studies mght be used in lieu of
| arger scale clinical efficacy trials. That is probably the
maj or focus right now in thinking about the guidance in
phar macoki netics / PD.

What | want to nove to now is nmaybe sonething a
little bit nore specul ative and pushing the envel ope a
little farther in sonme ways, and that is the idea of
i ncorporating PK/PD nodeling as an integral conponent of
initial efficacy trials for a conmpound.

Potential argunents for this is the end result
could be nore informative. By incorporating PK/ PD nodeling,
we could glean nore information about the rel ationships
anongst dose, concentration, tinme, and response.

In addition, that nodeling process could tell us
nore information about what | have | abel ed here as
potentially predicted covariates, in other words, patient
factors |i ke age, gender, concom tant medications, and such.
By | ooking at those in detail, we could get nore information
that would be relevant to individualization of treatnent.

A possible argunent is that these mght result in
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nmore efficient and powerful analysis techniques for efficacy
trials that mght allow smaller, nore efficient trials.

Currently, | would say such analysis is acceptable
as adjunctive analysis to efficacy trials. The question is,
is in some cases could we argue that if you have
wel | - founded prior information about the nmechanisnms with
whi ch a drug acts to construct a neani ngful PK/ PD nodel
bef orehand, would that be appropriate to incorporate in a
nore confirmatory context.

[Slide.]

| will just throwthis up quickly to indicate I
find this particular article intriguing in terns of a way
that it suggests the use of sone PK/ PD nodeling as part of,
inthis case, essentially a dose ranging trial.

[Slide.]

The |l ast area that | wanted to nention where PK/ PD
nodel i ng can cone into play in regulatory settings is the
i dea of actually incorporating it in devel oping and
eval uating the kinds of policies and recomendati ons that we
want it to enbody in our guidances.

One particular tool that can be useful for that
are simulations and, in particular, clinical trial
simul ati ons based on PK/ PD nodeling to assess the inpact of

our policies and recomendations that woul d pertain to
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things |ike study design, analysis, and regarding overal
clinical drug devel opnent strategies.

[Slide.]

| will just briefly nmention there is two active
projects, one snall, one large, that utilizes such
techni ques. For those of you that were here for the
al buterol MDI discussion, we are currently using simulations
to evaluate sonme of the details of the statistical analysis
in the study design features for that approach.

[Slide.]

A | arger scal e endeavor is doing full-blow Phase
I1/Phase I1l clinical trials and sinulating themto assess
how wel | different design and analysis strategies do with
determ ni ng doses for individual subpopul ations.

[Slide.]

Finally, to kind of close out, just to briefly
tal k about what we see as sone of the barriers to applying
t hese techniques. Sone of themyou could |abel as
scientific and technical.

These woul d include for a specific drugs, the |ack
of suitabl e pharnmacokinetic neasurenents or insufficient
know edge about the rel ati onshi ps anong pharmacoki neti cs,

t he phar macodynam ¢ neasurenents, and the di sease

pat hophysi ol ogy. In those instances, we would have limted
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ability to predict the therapeutic outcones using our
nodel s.

Anot her sort of barrier is nore logistic, the idea
t hat PK/ PD nodeling may often require nore conplex or
difficult experinmental procedures than conventional dose
response or efficacy trials - things such as tinmed bl ood
sanpl es and PD neasurenents, so they tend to be perhaps nore
efficient trials in terns of |length, the nunber of subjects,
but they be nore intense and nore difficult to conplete.

[Slide.]

Sone of our tougher barriers | have | abel ed here
as kind of cultural barriers, and these are not unique to
any particul ar subgroup. They apply to pharmaceuti cal
i ndustry, individuals, to regulatory authorities, and |
suppose we coul d say academ ci ans al so.

In some cases, we are dealing with |ack of
know edge about PK/ PD net hods, both neasurenents and
nodel i ng, a general distrust of nodeling and mat hemati cal
conplexity. Both of these | think argue for perhaps sone
educati onal opportunities for us.

In general, | would say there is a preference for
fairly sinple enpirical approaches that nmake Iimted use of
prior know edge about the drug and the way in which it acts,

either qualitative or quantitative, and that tends to focus
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on hypothesis testing very nmuch over estimation strategies.

| guess, just final closing, just thank you for
listening to ne. | don't have any real explicit questions
at this tinme, but | ook at this as an opportunity to invite
you to begin making comrent and to participating in sone of
t he thought processes we are undergoing in considering how
far to make such PK/ PD net hods.

Thank you very nuch.

Clinical Pharmacology Section of
Product Labeling

DR. HEPP: Good afternoon.

[Slide.]

| am Paul Hepp. | amwth the Ofice of Cinical
Phar macol ogy and Bi opharnaceutics. Today | would like to
discuss a little bit about the draft guidance for industry,
format and content of the Cinical Pharmacol ogy section of
Human Prescription Drug Labeling.

O hers invol ved who have worked on this project
are Dr. John Balian and Dr. Larry Lesko.

[Slide.]

First of all, the provisions for the i nical
Phar macol ogy section is set forth in 21 CFR 201.56. It is
actually one of only 11 sections that are required to appear

in the | abeling.

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E
Washi ngton, D.C. 20002
(202) 546- 6666



aj h

[Slide.]

In terns of the actual general content and format
of the dinical Pharmacol ogy section, this is outlined in
201.57(b) (1), and it is reproduced here for you to take a
| ook at, at your convenience. That section is what we have
based our general gui dance on.

[Slide.]

The i npetus for comng up with this guidance,
there are several factors. First of all, we have had a fair
anmount of feedback fromclinicians that this part of the
| abel i ng may be sonmewhat hard to use and may not be
particularly useful in all cases.

We have al so had academ ci ans and cl i ni cal
practitioners who have al so asked for nore information to
appear in the labeling. Also, we are aware that fromtinme
totime, there is inconsistencies in the | abel and that
sonetinmes the presentation could be sonewhat nore clear

Finally, we have a desire to inprove this.

[Slide.]

So the purpose of this guidance will be to aid in
devel opi ng product |abeling that will be useful to
practitioners who prescribe, dispense, nonitor drug effects,
and make dosing interventions when necessary, all towards

optimal individualization of drug therapy; also, to aid in
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devel oping a clinician-friendly docunent that will enhance
communi cation of a sonetines very conplicated set of
information; to increase the practical value of the |abeling
and al so to encourage and al so to encourage w der use and
nore frequent use of the |abeling.

Finally, we would like to bring about a
consistency in this part of the |abeling.

[Slide.]

This is an outline of the general dinical
Phar macol ogy section that we are proposing in this guidance,
and it will be broken down into an Introduction, which wll
nostly include what was di scussed in the Purpose previously.

It wll have a Highlights section, which will be
sonet hing new, which will contain nostly very critica
information. Then, there wll be a detailed information
section, which will include these various elenents here -
mechani sm of action, pharnmacodynam cs, pharnmacoki netics and
ADME, special popul ations, drug-drug interactions,
phar macoki neti ¢ and/ or pharmacoki netic graphs, and al so a
phar macoki neti c table.

[Slide.]

Starting out wwth the H ghlights section, this
section will be intended to be a concise, clinically

rel evant summary of clinical pharmacol ogy of the drug as it
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relates to safety and efficacy.

We hope that it will be useful in quickly |locating
i nportant PK or PD information when a conpl ete readi ng of
the labeling is not necessary. It is not intended to be a
substitute for the conplete section of the Cinical
Phar macol ogy Label i ng.

Included in this H ghlights section wll be
phar macol ogi ¢ cl ass, nechani sm of action, pharnmacodynani cs,
phar macoki neti cs and ADME, special popul ations, and
drug-drug interactions.

[Slide.]

Moving on to the nore detail ed section of the
| abeling, we will start out with nmechanismof action. This
will be a summary of the mechani sns or the believed
mechani snms related to safety and efficacy. Non-clinica
data should only be included here if it would be inportant
to the use of the drug.

[Slide.]

The next section would be the Pharmacodynam c
section, the pharmacol ogic effects thought to be related to
clinical effectiveness and toxicity. Included here would be
dose or concentration response rel ationships, both
efficacious and toxic; variability of response; tinme course
of action; therapeutic window if this has been established;
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informati on on therapeutic drug nonitoring if this is
necessary; PD response differences in special populations.
Al so, tolerance with withdrawal effects would be nentioned
her e.

[Slide.]

The Phar macoki netics and ADME section of the
| abel ing would include clinically inportant PK paraneters
such as Cmax, Tmax, clearance, volunme distribution, and
half-life. This would appear in the text and later on there
woul d be further PK paraneters that will appear in a PK
tabl e.

The follow ng el enents - absorption, distribution,
nmet abol i sm and excretion would al so appear in this section.
Again, in vitro findings and ani mal study results woul d be
included only if relevant to therapeutic usage of the agent.

[Slide.]

The next section that would appear woul d be
Speci al Popul ations. This would be pretty nuch limted to
clinically relevant PK and/or PD information in popul ations,
such as geriatrics, pediatrics, gender, different ethnic
groups, disease state groups, snokers, drinkers, and
overdose patients as a popul ation.

Clinically inportant special population variations
shoul d be included in other areas of the |abeling as
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appropriate, and this would include Warni ng secti on,
Precaution section, Contraindications, or Dosage and
Adm ni stration.

[Slide.]

The next section would be for Drug-Drug
Interactions. This would be drug interactions on the
subject drug, and this could fromeither in vitro or in vivo
sources, which involve absorption, distribution, netabolism
excretion, protein binding, or pharmacodynam cs of a drug.

Ef fects of the subject drug on other drugs should
al so be included here, and again this could cone from either
invitro or in vivo sources.

Clinically inportant interactions with
recommendations in terns of dosage adjustnment or
contrai ndi cations should appear in the other parts of the
| abel i ng, such as Warni ngs, Precautions, Contraindications,
or Dosage Adm nistration. This should appear in the
alternate drugs labeling, as well, if it is inportant.

[Slide.]

Anot her section w il be a Pharnmacokinetic
Paraneters table. This is to provide information w thout
cluttering the textual parts of the |abeling.

It would summari ze PK paraneters for the drug,
also in addition, significant active noieties, such as
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active netabolites and in sone cases enanti oners.

This information may be necessary in initiating
| oadi ng doses, calculating chronic dosing, and maki ng dosage
titration.

[Slide.]

One of the section, which may be an opti onal
section depending on the drug, is a graph section, and it
coul d include both pharnmacokinetic and PK/ PD graphs. They
coul d predict PK performance and/or inportant PK/ PD
relationships if they aid in optim zing therapy.

Al so, variability indicators should be included
here to help interpret the graphs.

[Slide.]

The current status of this guidance. It has gone
through quite a thorough Ofice of Cinical Pharmacol ogy and
Bi opharmaceutics review. It has had a fair anmount of review
within the Ofice of Pharnmaceutical Science. The Ofice of
Revi ew and Managenent is currently |l ooking at this, and
today it is being presented to your group, nostly to nake
you aware of this.

Sone next steps that we are considering is perhaps
an expert neeting, nmaybe another presentation to this
committee in Septenber or Cctober to actually get your

coments, perhaps a presentation to the Medical Policy
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Coordi nating Comm ttee.

We could make the draft available to the public
and trade groups through Internet. This is sonething that
we commonly do. It may be published in the Federal Register
for comment. Then, we would incorporate any conments as
necessary and hopefully issue the guidance.

Thank you very nuch.

DR. TAYLOR  Thank you very nmuch for that
di scussion. That has given us a |lot of food for thought and
| amsure will generate sone robust discussion.

The floor is now open for commttee di scussion of
these itenms. Dr. Edeki

Committee Discussion

DR EDEKI: Just a question on the in vitro
met abol i sm studi es, these studies are done during the
preclinical phase of the drug. How do you ensure that the
concentrations you use are relevant to what is the eventual
pl asma concentrations? |If the eventual plasma
concentrations are kind of different, do you repeat the in
vitro studies? | amreferring to instances where these
studi es are done before the drug is given to man.

DR. COLLINS: Well, we certainly think there is
tremendous val ue in doing these studies before they are

given to man al though it does not appear that the mgjority
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of data that we review actually are conducted prior to the
first studies. By the time nost of these studies are
conducted currently, a Phase | trial has already been done
and sonething is known about the human | evels.

If we did perhaps what you suggest, and do the
eval uation before first tinme in human studies, then, | would
think that the circulating levels in aninmal species would be
the prelimnary zero order estimate of what the rel evant
concentration should be.

| f subsequently you find out that there is a |arge
di sconnect between concentrations in animls and
concentrations in humans, that is pretty interesting
information in itself.

DR. TAYLOR  Dr. Brazeau.

DR. BRAZEAU. | have several questions and
comments for Dr. Hepp.

In the labeling, will there be any place for |ike
sone of the statistical pharmacokinetic paraneters |ike nean
absorption tinme and nean residence tine?

DR. HEPP. That sort of information could appear
in the table, the pharmacokinetic table, so there would be a
pl ace for that.

DR. BRAZEAU. What | didn't seemto see or

wasn't clear, where would food or nutrient interactions with
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drugs be put in this |abeling?

DR. HEPP: That could go in several places. One
could be in the absorption section if it was an absorption
interaction. |If it were a netabolic interaction, it could
go in the netabolism section.

DR. BRAZEAU. | mght suggest that if there is
significant food effects, that that may even warrant --

DR. HEPP: A special section?

DR. BRAZEAU. A separate section. The other thing
is you were tal ki ng about under the pharnmacokinetics, you
m ght talk where a drug has got sone active netabolites or
enantioners, and | would think that that should go up early
in the | abeling, because if a drug has active netabolites, |
think that is the kind of thing that the clinician or
sonebody m ght want to know early in reading the nonograph
versus way at the back, particularly if the nmetabolite is
active and the parent conpound isn't, or if there is
reversible -- you know, just a general statenent to say that
the active netabolite of this species is.

DR. HEPP. If that was inportant, we could put
that in the H ghlights section at the beginning.

DR. BRAZEAU. | have one question for Dr.
Gllespie. 1In your studies here, do you have any plans to
| ook at just the variability in certain sinple
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phar macodynam c paraneters, |ike the EC50, because it has
been suggested that the variability in those paraneters are
going to outweigh any variability in pharmacokinetic

par aneters.

DR. G LLESPIE: | guess the short answer to your
gquestion is probably yes. To nmake one thing clear, we are
not actually doing studies ourselves, but | think that
variability in the pharmacodynam cs shoul d be as inportant
to us as the pharnacokinetic variability, especially if we
are tal king about PD n points that we believe are rel evant
to therapeutic outcone.

DR. TAYLOR Dr. ol dberg.

DR. GOLDBERG. Dr. Gl espie, what thought has
been given to tying surrogate markers to pharmacodynam c
measur enent s?

DR G LLESPIE: | amtrying to think of all the
vari ous places where that has conme up in the Agency. | am
not going to be able to give you any definitive response.
There are several sort of sites within the Agency that are
considering that issue. |In fact, it has been considered
historically for quite a long tine, but it is a question
that is being asked a lot right now within our office.

DR. GOLDBERG | don't know enough about it, but

my feeling is that surrogates mght be a |l ess variable than
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the EC criterias for dynamcs. | thought it would be an
interesting place to | ook at that.

DR. G LLESPIE: It could be although probably nore
often than not, that PD n point where we are estimating the
EC50 is in many cases going to be in sone sense as a
surrogate.

DR. TAYLOR  Just as a general coment -- this is
for Dr. Hepp -- on the labeling issue, there are two issues
that came to m nd during your discussion. One is that as |
| ook at your second slide in ternms of what else is in the
| abeling, | ama bit concerned that this Cinical
Phar macol ogy section, while | agree with everything you have
presented, and | would |love to have that kind of |abeling
available to me, is going to nmake the | abeling quite
lengthy. | just want you to conment on that.

The second comrent is that given that nost
physi ci ans who are practicing these days were trained before
we knew a | ot about pharnmacokinetics, and so forth, | wonder
what the inpact of having all that information available to
themin the labeling wll be.

| amnot trying to danpen your efforts, but | am
trying to be practical when you cone out with such an
extensive docunent really in the labeling. | w sh there was

a way that | could ensure that all of your efforts would
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really go to good use on this popul ation of individuals.

DR. HEPP: Actually, | believe that all of the
information that was presented, or nost of it, currently it
does show up in labeling, maybe in a different format or
order, but this approach we hope that this will organize it
and hopefully, really even shorten the |abel.

The pharnacokinetic table that we nentioned w |
actually renove a lot of that information out of the text of
the labeling and put it in a table, so as not to clutter the
text part.

In terns of usage, | think you are right. | think
there will be groups that can use this information and ot her
groups that won't use it for various reasons, and | think it
w Il be an education issue to try to bring everybody up to
using that information.

DR. TAYLOR Initially, |I hope you will have sone
in the | abel that you will suggest that there will be
sonething that will do sone education, as well, to nmake it
useful for those individuals.

| mean a | ot of docs don't know what a Cmax or
T1/2 or Vis, and | don't know where to put that, you can't
put that in the | abel, too, but sonehow we ought to get that
message out to people, as well. | don't know whet her you

put that into an FDA Bulletin or Internet, or somewhere.
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DR. GONZALEZ: | would like to coment on that
very issue of what the physician is capable of understanding
or conprehendi ng, but being involved in nedical education on
a daily basis, and participating, as many of us do, in
synposium | think it is the responsibility to sone extent
of the clinician in practice to stay abreast of the current
changes. | amnot disagreeing with sone of your comments,
but we can't hold science hostage to the ignorance of the
practitioner. |If the practitioner has been out for a |ong
tinme and doesn't really understand where we are today in our
scientific approach, then, | suspect he or she is having a
difficult tinme establishing a good practice or doing the
best for their patients.

DR. TAYLOR Well, | can tell you that -- you
know, | agree with you that we all have a responsibility to
do that, but there is certainly a | ack of disconnect in
know edge base in physicians, and it is pretty common.

DR. GONZALEZ: | agree with you.

DR. TAYLOR  Dr. Zi mrerman.

DR ZI MVERMAN:  As a pharmacy educator, | would
say that one of the things that we are trying to do is teach
pharmaci sts, clinical pharmacists and based very strongly in
phar macoki netics, so hopefully, the clinical pharmacist is a

resource for the practicing physician, as well.
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DR VESTAL: | was just going to add a little nore
to this discussion. | think what you say is correct. Many
physi ci ans are not able to cope very well with this kind of
information, and yet | also agree that we shouldn't science
hostage to the ignorance of health care providers.

So, there is the possible benefit that with nore
of this kind of information in the |labeling, even if the
detailed information is relegated to the |ast part of the
| abeling, it may, neverthel ess, stinmulate our nedical
schools to provide nore support for education. One m ght
hope that that would be true.

| think that this reorganization of the |abeling
has been a little bit controversial, at |east in one or
anot her context. | have heard sonme concern expressed that
we are relegating all of this information to the end of the
| abel i ng, suggesting that it is all not that inportant.

So, | think I would Iike to just enphasize that |
think this makes the content of the Hi ghlight section very
inmportant, what is in there, and that it should not be
excessively dil uted.

DR. TAYLOR In fact, in the H ghlight section,
you m ght even box it or sonehow nake it stand out, so that
for those individuals who will not read the conplete | abel,

that certainly the key information they can go directly to
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it and it is actually they are pointed to it, and the really
critical relevant information be included.

Dr. Branch.

DR. BRANCH: In terns of an additional comment on
the education side, | think that the attenpt to make
sonet hing systematic will help fromthe perspective of
peopl e getting used to seeing the information provided in
t he sane format.

| think the second part is that a clear exposition
here is an incentive for industry to collect that data and
then they have the in-house information fromwhich their
reps do the education, and I would hazard a guess that 80
percent of continuing nmedical education of people trained 20
years ago cones fromdrug reps, not from anyone el se.

Finally, I think that if |lawers can understand
it, I think physicians have to understand it, so | actually
think that there is really not nmuch of an issue in terns of
conprehensibility to it.

DR. TAYLOR  Roger, did you have a coment?

DR. ROGER W LLI AMS:  Actually, | have several
mght ranble a little bit, but I will try to be fairly
brief.

First of all, I would like to put this is sone

context, because we had, | would say, an excellent series of
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presentations, but a little | ow key, but | actually think
there are sonme revol utionary aspects of what we are talking
about here today, and let nme see if | can get to them

| think there is a debate in the Center now
bet ween these kind of early clinical pharmacol ogy PK/ PD
approaches, perhaps with a good nechani stic understandi ng of
what the drug does.

First, there is the | ater phase enpirical studies,
and | think that debate will continue to exist in this CDD
forum but inaway | think it may be not so nuch a debate
as just getting everybody to cone to a good understandi ng of
what we are tal king about, and | think the payoff could be
extraordi nary.

There may be sone early phase studies kept to a
m ni mum where you generate optimally the kind of information
we are tal king about in a relatively small nunber, and then
if you go to your |ater phase studies, | think we need to
| ook to the I CHE-1 docunent, which postul ated that perhaps
you coul d do adequate safety for nost chronically
adm ni stered drugs, say, in an n of about 1, 000.

So let's say we now have a data set -- and | am
usi ng rough nunbers, of course -- 1,500 people. That is
substantially smaller in many instances than the data sets

that we sonetinmes see now, and | think the savings in terns
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of expense to industry, the tine it takes to get a drug
studi ed coul d be extraordinary.

That is one aspect of this. You see we are al
the tinme struggling wth our CFR that had that magic "s"
word, where it said based on adequate and well-controlled
studi es as opposed to one study. | think we are trying to
think via this gui dance docunent on the efficacy standard,
you know, what are good general approaches to docunenting
ef fi cacy and dose, and dose individualization.

Now, there is another aspect of it which I think
is intriguing, and you heard it alluded to in the course of
the presentations, which is extension to other popul ations,
and, of course, you heard it nentioned, gender, ethnic,
el derly, age, all that stuff. In the ICH context, it
occurred with extension -- and I wll single out Japan,
because Japan sort of had the thought that an island country
where the popul ace was different, you know, that was their
thesis, that the entire clinical data set sort of had to be
repeated when the drug cane into Japan.

| would say I CH has worked very hard in this E5
docunent to devel op the concept of a bridging study or set
of studies, that | think has an enornous payoff to a gl obal
manuf acturer who wants to get into different markets.

Now, | was al ways very synpathetic to the Japanese
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because you have to kind of say, well, this country too a
long tine before we would start accept clinical trial data
from Europe, and | think Japanese equivalently had sort of a
sense that they want to be very cautious, too, but | think
this E5 docunent is breaking down sonme of these barriers and
all ow, you know, focus studies to bridge into different

popul ations and different ethnic groups.

A coupl e of quickies. The Agency does, of course,
rely on surrogate markers to approve, you know, bl ood
pressure is a surrogate marker, cholesterol is a surrogate
marker, so to ne the issue of surrogate markers is not a big
one. | think the challenge is always finding a good one.

We have seen the debates about CD4 and Al DS, not
bei ng so good, and nmaybe the current viral |oad as being
better, and we have been burned a couple of tinmes. | think
the Center feels that, for exanple, with sone of the
antiarrhythmcs, relying on arrhythm a suppression | ed us
down sone damagi ng paths. So, the surrogate story is not
over yet, but it is a mxed story.

| will just draw the commttee's attention to this
i ndi vi dual therapeutic wi ndow which Bill tal ked about, and |
very intrigued about getting good PK/PD data that allows us
to set our goal posts nore rationally, and the commttee may

remenber that that was a substantial part of the individual
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bi oequi val ence debate, you know, what

where does it cone from can we do better

is 80 to 125, and

So, | think you saw sone glinpses today of how we

can do better

Now, | could talk a ot nore you can tell, | don't

want to get wound up, but

| et me conclude by saying this.

First of all, | really want to congratulate Larry and his

group. You know, they have worked very hard over the | ast

12 to 18 nonths to kind of delineate the issues, and |

woul dn't say they have al

a coherent story of, you know, general

met hodol ogi ¢ appl ications

t he answers yet,

but just formng

appr oaches and

t hi nk has been a real

achi evenent of the Ofice over the last 12 nonths.

| think they are ready now to engage with the

wor |l d, and you saw sonme of the nechani sns of engagenent, to

carry on the discussion.

credit for doing this.

want to give thema | ot of

You know, if you talked to people two or three

years ago in the Ofice, you would have seen this w sdom

t here. | mean there is a lot of tal ent

there has al ways been a | ot of talent

in the O fice, and

in the office, but it

is adifferent to pull it all together into kind of a

consensus wi sdom if you will.

| m ght argue that that
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i nportant because the Cinical Pharmacol ogy group in the
Center has to work closely with those 13 new drug review
di vi si on physicians, and you could imagine if you had, you
know, each physician having their own view and then each,
you know, clinical pharmacol ogists having their own view,
the I abel would tend to be chaotic, you know, everybody
woul d enphasi ze sonething different, and, you know, what is
i nportant and what is not inportant.

| think you are seeing a terrific value here that
will pay off in terns of a nore coherent |abel, better
studies, et cetera, in the com ng years.

Now, I will close by saying | was kind of
whi spering to Larry to see if he wouldn't m nd saying this,
but | woul d i nmagi ne perhaps the next advisory committee
nmeeting mght be a two-day neeting where we focus just on
clinical pharnmacol ogy topics, and we watch the evol ution of
sone of these guidances and we would try to draw in the
physi cians fromthe Center, you know, who ultimately have to
buy into this in a very critical way.

O course, | amtal king about Bob Tenple, the five
O directors, and perhaps those 14 division directors. |
think it could be an incredibly exciting advisory committee
meet i ng.

DR. GONZALEZ: | would like to make two comments.
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First of all, I think Larry and his group are really, as Dr.
WIlliams said, to be coomended. | have not seen these

i ssues presented as clearly as | have seen themtoday, and
it goes back to Robert Taylor's conmment, Dr. Taylor is
right, people don't read |like we expect themto read, and
peopl e don't keep up like we expect themto keep up. Part
of it is, though, that we have made this nmunbo-junbo

phar macoki neti ¢/ phar macodynam c of interest to us, but not
of palatable liking to others. | think Larry and his group

have changed t hat.

Now, | think if you go a step further -- and this
is a conment back to Dr. WIllians -- the package insert is
still kind of ungodly and maybe an executive sunmmary of that

pertinent information, which we are working so hard to bring
to the forefront, should really be placed at sone point in
t he package insert, so that the non-reader, who is going to
| ook for the 30-second sound bite, goes for it and there it
is, what he or she needs to know about using this drug, and
given all the pertinent nodern age data is readily
avai | abl e.

So, | think as Larry and his group have brought
PK/PD to the forefront in a pal atable way, we need to have
t he package insert catch up to them

DR. TAYLOR That is what | neant.
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Any ot her questions? Yes.

DR. DAVIDI AN: One question for Dr. Gl espie.

| just wonder -- | think it is really neat to get
sone of this nore, you know, nodeling approaches into drug
devel opnent and into the regulatory process. Froma
statistician's point of view, | feel obligated to bring this
up.

| am wondering, say, in population analysis, and
so on, you know, fromny experience using different
met hodol ogi cal approaches, and so on, can lead you to
perhaps ultimately different nodels, for exanple, the
covari ates you m ght include, and so on.

| am wondering, in your thinking about devel oping
gui dances for, say, population PK/ PD, how the Agency m ght
resol ve, for exanple, a sponsor comng forward with an
anal ysi s where perhaps certain covari ates appear as
i nportant, yet, by another nethod, those sanme covari ates
m ght not enter the nodel in the sanme significant way, and
how woul d you resol ve that and how woul d you proceed in that
si tuation.

DR. G LLESPIE: You guys don't ask easy ones.
Actual ly, nmuch of what you are asking is probably not going
to crop up in the PK/PD guidance in a direct way because it

i's probably going to be addressed in a popul ati on PK
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gui dance.

One of the nost critical things to us |I think in
popul ati on nmet hods and nodeling in general is kind of
comuni cation with how you got to the end result.
Especially if it is an exploratory nodeling procedure, sort
of how you got there often determ nes where you get to, and
so we need enough information about the nodel devel opnent
process to understand what were the either explicit or
inplicit hypothesis tests, if you like, that you were
conducting all along to include or exclude covariates, you
know, what is the rationale for certain choices in ternms of
your nodel, how you brought that covariate in as opposed to
a linear or a non-linear approach, what were the
probabilistic assunptions, things |like that, was there any
rationale or was this just kind of your SOP for doing it.

The nore we have of that, the nore we can probably
make a reasonabl e judgnent, but at this point, | don't think
we are at the stage where we could give an absolute this is
the way, you know, in extrenely absolute terns as to what is
an appropriate covariate, what isn't.

In the end, | guess one of the nore critical
el ements is going to be not only does that covariate cone
in, say, significantly, but is the difference big enough for
us to be concerned about and to act on in any way in terns
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of either |abeling or dose.

DR. TAYLOR  Yes, Dr. Zi nmerman.

DR ZI MVERMAN: | just have anot her question going
back to the use of surrogate effects. In Dr. Gene WIIians'
presentation, you tal ked about the fact that the surrogate,
whatever it is, should be justified and vali dated.

Now, to me, ny reading of this is that it neans
you have to -- well, for exanple, suppose you are | ooking
for -- the sponsor's drug has effects on osteoporosis, and
you can't wait 10 years to see if it actually works, or if
the effect is on delaying the tine to progression for a
sl ow-growi ng tunor and you can't wait that period of tine,
but when you tal k about validation, to ne it neans ny
short-termeffect is validated by the long-termeffect, |
mean how do you deal with that?

DR. GENE WLLIAVS: | will begin by saying that |
trust that Bill wll straighten ne out if I don't do a good
job here, but | think the idea is that, first of all, there
shoul d be consi derabl e forethought as to selection of a
surrogate. That may involve sone intellectual difficulty,
but it is pretty straightforward that you shoul d think about
what you are going to neasure.

Once that occurs, oftentines there wll be

opportunities for validation within the program and that is
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nost specifically what | was speaking about. In other
words, if you are thinking of a lot of your clinical

phar macol ogy i nformation comng fromrelatively early phase
trials, Phase | and Phase Il, where you have small nunbers
of individuals and a surrogate on which you base sone

deci sions, oftentinmes in Phase Ill you may have opportunity
in conjunction with confirmatory trials to elucidate whether
i ndeed that surrogate is a reasonable marker for what is of
true clinical interest.

So, | think the idea that we are trying to convey
is in those situations where this fits, we would |ike to see
that, but the exanples that you are tal king about are
considerably different. You are saying that validation,
there is little potential for validation within a Phase I
program and we are not specifically addressing that, that is
whol e ot her topic.

DR. TAYLOR Dr. Branch.

DR. BRANCH: | had a question for Dr. Huang. You
made a comment as you were tal king about drug interactions
that, in the analysis side of it, there may be sone parall el
i ssues with the bioequival ence area, and | was wondering in
this question of confidence interval estinmates, whether you
have given thought to the fact there is a real mjor

di fference between | ooking at adverse effects versus the
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desired therapeutic effect.

If you are getting a nean change, that is really
where you are targeting your desired therapeutic effect, and
that is what bioequivalence is really targeting, but adverse
drug reactions, you get trenendous intersubject variation,
so for drug interaction that has the potential to result in
drug interactions, consideration of the outlier rather than
t he nean becones the focal point of interest.

In your considerations, are you pulling in your
statisticians? | amthinking of the presentation that was
done yesterday, that was actually starting to go into sone
of the statistical background of that, but are you getting
statistical input into howto do the anal ysis?

It would be very interesting to take your 14
studies that were done | ast year and actually you have got
sone real live data, and be able to apply different
statistical approaches to sone data and see what woul d be
t he recommendati ons based on do you really need this sanple
size, do you need 6 or 12 or 20 or what have you

But | think that a statistician's invol venent
woul d really hel p and having sonme real data could contribute
to that discussion.

DR. HUANG Yes, we do have statisticians invol ved
in our working group, Dr. Machado and Don Schuirmann. W
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have quite a few sessions and discussion. Actually,
tonorrow we will have anot her discussion on the concept of
usi ng equi val ency as a paraneter to | ook at whether there is
interaction and that that may apply to food effect, how do
you say there is no drug-food interaction, or maybe even you
may know -- or hepatic inpairnment, do you consider there is
a difference or not a difference.

| nmean the goal is, based on statutory
requi renent, we want to prevent drug-drug interaction. Even
sonetinmes you have positive drug-drug interaction, but if
you want to prevent, then, maybe we want to have a clear
i dea of whether there is an interaction or not.

If we want to define there is no interaction,

t hen, maybe we can use a certain statistical way to say
there is not an interaction. |If there is an interaction,
then, we can quantitate to say, well, what is the nagnitude
of interaction and how do we base data to make dosing

adj ust nent, dosi ng recommendati on.

But if we can first square away, say, well, there
is no drug interaction, if we can answer that question, then
equi val ency concept may work. | nean we don't have to use
AD125, it depends on your therapeutic index. You may be 200
percent, 71-30, 52-200. |If you can have sone infornmation,

sonme PK/PD information, that may be hel pful
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| mean we do have to give sone information in the
| abel ing, just say 13 percent may not be hel pful. [If those
are not clinically relevant, we like to say there is no drug
interaction, so that is why we are trying to see if we can
use that equival ency concept to help guide the |abeling.

DR. TAYLOR  There being no other coments, Roger,
do you have any comments that you would |ike to nmake?

DR. ROGER W LLI AMS: Just very briefly. | think
in some ways this has been a uni que advisory commttee
meeting, and I would say it is because we haven't been
dealing with contentious industry issues with a |ot of
i ndustry present, and | mght say that | think it has been a
| ow- key discussion, but | think one of the nost effective |
have seen

| just want to thank the commttee, and |
appreci ate the chance to be thoughtful wthout a | ot of
hubbub goi ng on.

DR. TAYLOR  Thank you.

| would |ike to thank on behalf of the commttee,
and | think |I speak for the commttee on this, is thank the
O fice of Pharmaceutical Science, in fact, give thema hand
for really organizing a very dynam c program

[ Appl ause. ]

DR TAYLOR Even since the |ast commttee
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meeting, | can see tremendous growh in what the Ofice is
doing, so you are to be congratul ated and, Roger, keep up
t he good worKk.

Wth that, | would like to adjourn the neeting and
see you at the next neeting.

[ Wher eupon, at 2:52 p.m, the neeting was

adj our ned. ]

M LLER REPORTI NG COVPANY, | NC.
507 C Street, N E.
Washi ngton, D.C. 20002
(202) 546- 6666



