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PROCEEDI NGS
Wel come

DR. MACALUSG: Good nmorning, my nane is
Tony Macal uso. |'m a bio-defense project manager
at the National Institute of Allergy and Infectious
di seases. On behalf of the National Institutes of
Health | wel conme you to the NIH canpus, and also to
this workshop: Strategies for Devel opi ng
Therapeutics that Directly Target Anthrax and Its
Toxi ns.

This workshop will address issues rel ated
to product characterization, proof of concept and
safety and efficacy testing in order to expedite
t he devel opnent of these products which are
regul ated by the FDA

The Food and Drug Adnministration is the
| ead agency for organizing this workshop which is
co-sponsored by the National Institutes of Health,
the Centers for Disease Control and Departnent of
Heal th and Human Servi ces.

As the NI H point of contact it has been ny

pl easure to work with any people who hel ped nake



this workshop a success. |In particular, 1'd like
to take this opportunity to thank the |ead

organi zers at FDA for doing an excellent job of
putting this workshop together: Dr. Karen Wiss,
Dr. Dale Slavin, and Ms. Ml ani e Whal en.

Before the workshop gets underway there
are a few housekeeping i ssues that |'ve been asked
to address. The first is that you're probably al
awar e--but just in case--the agenda for this
wor kshop has been conpressed into one day, so we
will not--1 repeat, not--be neeting tomorrow. This
change fromthe original one-and-a-half agenda was
necessary due to the closing of npst governnment
agencies as a mark of respect for former President
Ronal d Reagan.

| apol ogi ze for the inconvenience this may
have had on your travel plans, but | think you'l
all agree that this was an unforeseeabl e
circunstance, and the alternative to postponing the
nmeeting really wasn't a very pal atabl e one.

The second itemis the availability of

slides and transcripts. The transcripts will be



available at this website, probably in about two
weeks; the slides, probably within one or two days.

We will be having panel sessions after
nost of the sessions. | would encourage everyone
to participate. There are m crophones in both
aisles. If you prefer to submt your questions in
writing there will be sonme cards avail able from
some of the staff and they will be picked up at the
begi nni ng of each di scussi on session, and al so
during the discussions sessions. And the
noderators can ask the questions for you

Regardi ng food: coffee and snacks will be
provi ded during the breaks. Now, we realize that
because of the conpressed agenda, this nmeeting will
| ast much | onger than we had originally
anticipated. To encourage you to stay through the
| ast sessions--for which | happen to be the
noder at or--we' ve arranged for nore than the usua
cof fee and cookies for the afternoon break. So
encourage you to chow down, if necessary, in the
afternoon so that you don't feel the urge to | eave

early for dinner.



Al so, we've reduced the tinme avail able for
lunch. So you really will not have enough tinme to
| eave the canmpus for lunch and get back. So
encourage you to use the cafeteria, which is just
one flight up.

The agenda for the |last session wasn't
given. |1'd like to just go over that very briefly
so you' Il know what to expect. 1In addition to a
presentation by Carl Nielsen of Chall enges and
Opportunities in Product Devel opnent, we'll also
have short five- to 10-m nute tal ks before the
panel session. Those talks--the topics will be the
FDA' s Proactive Approach with Medica
Count er neasur es Devel opment, Energency Use
Aut hori zation, Information about the Strategic
Nat i onal Stockpile Program DHHS Pl ans for
| mpl emrent ati on of Project Bio-Shield, and
Opportunities and Resources for Bio-Defense
Count er reasures Research and Devel opnent that are
avail abl e through the National Institute of Allergy
and Infectious Diseases.

As a rem nder--since we are on a
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conpressed schedule--it will be very inportant for
everyone to try to stick to the schedule. 1'Il ask
the noderators to try and push everything along to
keep us on that schedul e.

And then the last itemis the location of
restroons and tel ephones. There are restroons at
either end of this hall on this floor, and al so
additional restroons just one flight up. There's
al so tel ephones directly across fromthis
auditorium and al so on the next fl oor

At this point, I'd like to turn the podium
over to Dr. Karen Wiss, fromthe center for Drug
Devel opnent and Research at the FDA

Kar en?

DR. VEISS: Good norning to everyone. |
amvery gratified to see so nany people here early
in the norning. Like Tony, | extend ny apol ogies
for having to, at the last mnute, rearrange the
schedul e and condense a day-and-a-half of what was
going to be a fairly nice, leisurely workshop into
a very whirlw nd one-day workshop. But, we just

have to kind of roll with the punches, and do the



best you can.

One ot her housekeeping rule to nention is
that the conference center does not |ike people to
bring food and drink into the conference. So those
of you that have it there--just to |let you know
that a during the breaks--whatever--finish
everyt hing up outside.

| also, Iike Tony, wanted to extend sone
deep appreciation to a couple people. This was a
fairly--it was a very col |l aborative, collegia
effort to put this workshop on, between four
di fferent governnent agencies: the FDA, the CDC
the NIH and O fice of Emergency Preparedness under
HHS. And we all worked for a |ong nunber of
nont hs, on nunerous conference calls, to put this
together. And, on behalf of the FDA I want to just
extend ny appreciation to all the participants in
t he wor ki ng group.

But, in addition, 1'd like to just
hi ghl i ght a coupl e of people and organi zations,
particularly: Dr. Dale Slavin, who's a project

manager in my office, and volunteered to take on

11



this job in addition to her other full plate of
activities, and did a great job just pulling
together all the different participants for the
various activities that have to be done. And

just owe her a great deal of appreciation for that;
the O fice of Conmunications, Training and
Manuf act uri ng Assi stance--OCTMA--in the Center for
Bi ol ogi cs Eval uati on and Research--who worked on
all the logistics of this conference; and |ast, but
not |east, Dr. Tony Macal uso, and the staff at N H
for making this all possible by the funding through
an interagency agreenent, as well as being
responsi ble for the food that's out there.

So, the carbs and the caffeine that are
going to be with us for the day--which we're going
to definitely need--are all due to his continually
calling and nagging to get that acconplished. So
definitely appreciate that. |It's very difficult to
supply food when you're a governnment agency and
doi ng sonmething in a governnment facility. So it is
a great effort.

And with that, then, | would |ike to just

12
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go ahead and start the session by introducing our
first individual who will provide a welconing--a
nunber of welconming remarks. |'mvery, very pl ease
to ask Jesse Goodman to conme to the podium

Jesse Goodman has been the Director of the
Center for Biologics Evaluation and Research for a
nunber of years. He's also an infectious disease
doctor, and | appreciate him com ng and maki ng sone
remarks.

One quick thing is that Janet Wodcock
who was going to cone, because of the conpressed
schedul e can no | onger be here this early in the
nmor ni ng, and asked ne to convey her regrets. So,

t hank you.

Jesse?

DR. GOODMAN: Good norning, folks. 1'Il
try to be, like, really quick because of the
schedul e and, if anything, let you get started
ahead of tine.

But, you know, if was nore than two years
ago, after the anthrax attacks that all of us in

the Public Health Service and those of us who are



also clinicians realized there was a need for
better therapeutic outcomes than were getting even
from antibiotics, even those were better than
expected. And sone of the discussions that led to
this nmeeting started then.

So there is a real need, you know, for the
hal f or so patients who, despite aggressive
treatment and supportive care don't meke it.

And there's also a precedent for immne
t herapi es working in acute severe infectious
di seases; for exanple, in use of anti-serumearly
treatment of pneunobcoccal disease. So there is
some reason to at |east believe that there could be
t herapeutic gains fromtreatments directed at
t oxi ns.

I'd Ilike to say, though, that the field
obvi ously, as nobst of you know, is littered with
failures, as well. And it's been very difficult,
once there's disease, to intervene.

Excuse ne--1 got off a plane late | ast
ni ght here--so--

I think, therefore it's inportant that we

14



really have a good devel opment progran ani nal
studi es that not only can prove success and proni se
of a therapy, but tell us if something isn't going
to work.

In addition, you know, if we had | ooked at
the experience after the anthrax attacks, let's say
we had given everybody anthrax sera, and had
observed a 50 percent survival rate, we would have
said that anti-sera saved patients, because the
expected survival rate, historically, was 10 or 20
percent. So we'd all be--probably not having this
nmeeti ng, and be producing tons and tons of
anti-sera, which may or may not work, as we know.

So I think while we're | ooking for better
therapies, it's inportant we use the best nethods
to eval uate those therapies.

As part of that, | think it's also worth
consi dering whether there's any possibility at all
if such therapies were ever to be used, of field
eval uation of them Even though it's unlikely, for
exanpl e, that an intravenous inmune globulin

product would be harnful, it's renmotely possible.
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And certainly sone of the chem ca
t herapeutics--toxin inhibitors, etcetera--could
potentially be harnful in humans wi th anthrax
disease. So | think a very difficult thing to
contenplate is the idea of controlled clinica
trials in a disease with a high public profile and
a high nortality rate, like inhalational anthrax.
But it's sonething that | hope, in the discussions
and the panels on the |ast day, that we'll |ook at.
This is the | ast day, now

[ Laughter.]

You know, and again, just to enphasize,
you know, | really do think if we had had i mune
gl obulin, for example, or an experinmental
t herapeutic available for those few cases, and had
used it, many, nmany people woul d be convinced that
it had worked and it woul d becone the standard of
care. And, again, FDA is quite famliar with
ci rcunst ances where this has happened--for exanple,
aut ol ogous bone marrow transpl antation for breast
cancer, which appeared to give such excell ent

results that when subjected to clinical trials did
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not hold up. And nobody would argue that that's
sonmet hing you want to put patients through unless
they benefit fromit.

So | think, again, the inportance of
really good ani mal nodel s--which are an incredible
chal l enge, especially if you are considering an
ani mal nodel in a synptomatic di sease state.

Ani mal nodel s are probl emati c enough, even when
they're sinple. And when you add things |ike

di sease and antibiotic therapy, the variability can
becone incredible.

So, | really look forward to hearing the
results of this. There's a terrific group of
people. And | know that the Department of Health
and Hurman Services is very, very comrtted to
i mproving therapy for anthrax, so this is a very

i mportant rmneeting.

So, with that, | guess we start the first
session, so Karen will come back up. Thanks very
nmuch.

Part | - Introduction to and Pat hogenesis

of B. anthracis
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DR WEISS: Thank you very nuch, Jesse,
for your opening remarks, and for setting the
st age.

We're going to go ahead and get started
right now with Session I: Introduction to the
Pat hogenesi s of B. anthracis.

The objective of this session is to
provide a critical background to facilitate and
focus the workshop. And | have the pleasure of
i ntroduci ng two speakers who are going to be
di scussing things at this session.

There's no panel planned after the first
two speakers, but we'll see what the tine franme is
like, and if there potentially is sone tine
avail abl e after both speakers have conpleted their
tal ks we might have a mnute or so for sone
guesti ons.

I"m going to go ahead and introduce them
both at the same tine so | don't have to keep
poppi ng up and down, and try to save a little bit
of time.

So, the two speakers are, first, Dr.
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St ephen Leppla, who is right here at the NIH
canpus. Dr. Leppla has done research on anthrax
for well over 24 years and is em nently qualified
to give one of these opening presentations.

And following Dr. Leppla, we'll hear from
Dr. David Stephens from Enory University. Dr.
St ephens is the head of infectious diseases at
Emory, and he has worked in the Meningitis and
Speci al Pathogens Group with CDC, and he was a
clinical team|eader with CDC for the 2001 anthrax
outbreak. And he will directly follow Dr. Leppla's
presentati on.

Dr. Leppla?

Ant hrax Toxin as a Target for Therapeutics-Overview

DR. LEPPLA: Thank you. Good norning,
it's a pleasure to open the scientific aspects of
this meeting. Since this is a very targeted
meeting, and all of you, | think, have worked on
anthrax, it's a little presunptuous, perhaps, to
provi de i ntroducti on about the basic properties of
the organism So forgive me if | say things which

are too obvious to any of you.



20
So, the organismwe're dealing with is
bacillus anthracis. As you know, it's a
Gram positive spore former. It infects Iivestock
And we're here because it can also infect humans.
And it's virulence is sort of a classic in
pat hogenic mcrobiology. W think it's fairly
sinple, in that its virulence is determ ned by two
virulence factors: the poly-glutam c acid capsul e,
whi ch is anti-phagocytic, and the three-protein
conponent anthrax toxin. And each of these is
encoded by a large plasm d, PX01, and PX02.
I"'mgoing to skip these two slides, in the
i nterest of a shortened tal k--except just to
i ndi cate, since you have this slide in your
folders--that this was to indicate the difference
bet ween bacillus anthracis and its genomically very
closely rel ated nei ghbors, bacillus cereus and
t heragensi s--but in spite of their very close
genetic simlarity, they have very different sets
of virulence factors. Bacillus cereus having a set
of secreted aggressins that are, in |large part,

transcriptionally controlled by a regulator called
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PLCR. In contrast, anthracis has the two plasm ds
I nmentioned--PLCR, which is the gene is there but
it's been inactivated. So all of these aggressins
are not produced by anthracis and, instead, you
have the toxin and the poly-D-glutamc acid
capsul e.

So this is a pathogen that's evolved in a
very particul ar way.

And the infection process as we understand
it is that spores enter the body either through the
skin, @ tract, or through the lungs. And those
spores are engul fed by phagocytes--usually
menti oned as macrophages, but | think other
phagocytes are probably also involved. The spores
are carried in those phagocytes to | ynph notes
where they gem nate. The bacteria then escape from
t he phagocytes. Toxins are produced--both the
capsul e and the protein toxins--and these toxins
have various activities which clearly suppress the
host responses and allow the bacteria to growto
very high nunbers in the blood of these infected

ani mal s.



The anthrax toxin accumul ates as the
bacteria grow to high numbers. But | think an
interesting feature is that the toxin is not a
hugely, highly cytotoxic and rapidly potent killer
of cells or tissues. And that's really to the
advantage o the bacteria, because its objective is
to not only--parenthetically, to kill the host, but
to produce a large crop of spores in the
her bi vores, which are the natural host of the
di sease, those spores would then be deposited in
the soil, where they could remain for long tines
until another aninmal conmes along and is exposed to
t hem

And the indications of the effectiveness
of the pathogen are that in the best hosts--the
| arge herbivores--the bacteria can grow to very
high titres in the blood at the tine of death.
And, with any luck, the bacteria convert a |ot of
these into spores, and so you have a |l arge
i nfectious reservoir in the soil

[Slide.]

Most of ny talk, and nost of this neeting,

22
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is about the toxin, but I think I just wanted to
rem nd people of recent work that--1 guess |
ski pped a slide which is not showing up. That's
okay--recent work from Tom Kozel's |ab, indicating
that the capsule plays a previously unrecogni zed
role in immunity to anthrax. So what they did was
that they showed that nonocl onal anti bodies
produced to the poly-D-glutam c capsule were
protective, in mce, against anthrax infection
And this had not previously been recognized, that
anti bodi es played a potentially protective role.

So | think this is a newmy identified
target, and | hope and anticipate that there wll
be increased attention to this target of
t herapeuti cs.

[Slide.]

Now focusing nore on the toxin, again,
there are these three protein conponents--1arge
proteins. The protective antigen is the centra
pl ayer, and its role is to deliver the two
enzymatic nmoieties into the cytosolive cells.

Adeol ate cycl ase, the edema factor, will raise
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adeol ate cyclase, or cyclic AWMP |evels. The letha
factor is a netalloprotease, which cleaves all of
t he MEKs.

Now, over the |ast decade or so, we've
devel oped a detailed picture of how these toxin
proteins interact to get inside cells and damage
cells. So we now know that the protective antigen
binds to cellular receptors. These were identified
in the lab of John Young and Jon Collier. And they
were first called "anthrax toxin receptor” It was
then recogni zed that they are variants of a
nol ecul e called "tunor endothelial marker 8." And,
nore recently, another isoformcapillary
nmor phogenesi s protein-2 has been identified.

So the toxin is bound to these receptors.
It is then activated protealytically by cl eavage
with the cellular protease furin, with renoval of a
fragnment. And renoval of that fragnent allowed the
remai ni ng portion of protective antigen to
heptanorize into a very tightly associating
heptanmer. And on the newy exposed surface of this

hept aner there are binding sites for the edema



25
factor and | ethal factor conponents.

And John collier has shown that, actually,
the binding site spans two of these nononers, and
it follows--rather constraints that there's a
maxi mum of three nol ecul es of edema factor and
| ethal factor that can be bound onto the heptaner.

This heptaner is then
i nternalized--presumably through lipid wap and
endocytosis to a vesicle which becones acidified,
and it then inserts in the lipid nmenbrane and
becomes a protein-conducting channel

And through Dr. Collier's work in
particul ar, that channel is probably the best
under st ood protei n-conducting channel now known,

t hrough extensive nutagenesi s and bi ophysical and
bi ocheni cal nmeasurenents.

So we believe that the edema factor and
| ethal factor proteins transduce--pass through the
center of this heptanmer channel to reach the
cytosol. Again, then, the edenm factor is an
adenol ate cycl ase, and nmekes very high | evel s of

cyclic AMP. LF cleaves all except one of the M-
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ki nases, or MEKs, and the results of these two
events--presumably in conbination--cause the tissue
damage and lethality which observe as the
pat hogeni c effects of infection

[Slide.]

This is genetic evidence that introduces
the fact that the toxin--the two toxins are really
t he dom nant virulence factors in bacillus
anthracis. And I'mnot going to go through the
nunmbers here. This is work from M chelle Mck
But basically, it shows that if you knock out the
capsule or the toxin, or individual toxic
conmponents, you greatly reduce the virul ence of
bacillus anthracis for mce. |It's going froman LD
50 of 5 scores, up to, essentially, avirulent
or gani sns.

So, to focus separately on the |letha
factor and edema factor conmponents of the toxin, we
have for a long time thought that the lethal toxin
is the major cause of pathogenesis. And the
nunbers fromthe previous slide showed that

bacterial strains in which LF is genetically



i nactivated are attenuated at | east a
thousand-fold. And, furthernore, there's a very

| arge and growi ng body of evidence that the letha
toxin injected into animals duplicates the synptons
of bacterial infection. And, of course, an even

| arger body of evidence that antibodies to
either--certainly to PA and increasing evidence
that anti bodies to LF protect against bacteria
challenge. So all of this indicates the inportant
role of the Iethal toxin in pathogenesis.

[Slide.]

The established effects of the toxin in
several system provide the ways to study the toxin
but also have find w de use in bioassays for
characterizing the toxin and anti bodi es, as well
So, one of the early discoveries, by Art
Fri edl ander, was that the macrophages from certain
limted number of inbred strains of nice exposed to
lethal toxin lysed in about 90 m nutes.

But, again, this is restricted to certain
strains of mce. And that's widely used as a

bi oassay, as well as a way to study the nechanisns
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of action.

[Slide.]

And perhaps an even ol der--certainly an
even ol der bioassay is based on the fact that in
the Fischer 344 rat, intravenous injection of
lethal toxin will kill themin as little as 38
m nutes. Oher rat strains are much | ess
sensitive. So there's the unique feature of this
rat. And this is widely used as a bioassay for
protective agents that target the |ethal toxin.

M ce are susceptible to the |ethal toxin,
but they die nuch nmore slowy. Typically, they
take two to three days to die after lethal toxin
adm ni strati on.

[Slide.]

This is our data showing the sensitivity
of two strains of inbred mce, the Balb/c being the
nore sensitive, and the C57 Bl ack bei ng sonewhat
nmore resistant. Mentioned here is the fact that
though it has been the view that the susceptibility
of mice is a function of the susceptibility of

their macrophages, to lytic action of lethal toxin



And so, indeed, the Balb/c mce, their nmacrophages,
invitro, are sensitive to the toxin, whereas the
C57 Bl ack macrophages are resistant in vitro. But
we' ve | ooked at a | arge nunber of inbred mouse
strains and, in fact, this correlation between
sensitivity of nmacrophages and sensitivity of the
whol e animals is not a very good correlation. And
it's certainly not true over a |arger nunber of
strains.

[Slide.]

Now, the neglected partner in this
pat hogen has been the edema toxin. And it's, |
think, in part been negl ected because the genetic
evidence in the slide that | went over quickly, is
that if you knock out edema factor froma bacillus
anthracis strain, the virul ence decreases tenfold.
One should ignore tenfold, but in conparison to
I ethal factor, it seens |ike a m nor player.

But we actually have now shown that the
edema toxin injected into mice is, in fact, highly
lethal to these mice, and that the edema toxin does

produce some clinical signs that are simlar to
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those seen in bacterial infections.

[Slide.]

This is sone unpublished evidence on the
susceptibility of Balb/c mce to the
i njection--intravenous- injection-of the edema
toxin PA and EF. And we find that the LD 50 is
about 20 microgranms each of the conbination of PA
and EF. And at the higher doses, the aninmals die
very quickly, with a wi de--showing a wide variety
of pathogeni c responses, biocheni cal and
hi st opat hol ogi cal changes--really a w de spectrum
than is seen in the lethal toxin-injected mce

So I'd Iike to suggest that the edemn
toxi n has probably been ignored, and probably
shoul d receive nore attention as a target of
t herapeuti cs.

[Slide.]

So, what kind of therapeutics are people
devel opi ng? And you all know this very well. 1I'd
like to, for the purpose of the discussion, divide
theminto these two groups: those which act

extracellularly, and those which work inside cells.
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And perhaps a unique feature of the anthrax toxin
systemis that lots of things are going on outside
the cell, and therefore there are a nunber of steps
whi ch are accessible to macronol ecul ar inhibitors;
t hat includes, of course, antibodies, but also
toxin fragnments, receptor decoys and others.

And, in contrast, the agents that would
bl ock intracellular activities would be typically
targeting the enzymatic activities of the adenol ate
cyclase and the protease. And this is nore
anmenabl e to standard pharnmaceutical approaches,
where one | ooks for small nolecul e inhibitors that
are cell -perneabl e.

[Slide.]

So, again, returning to the scheme of how
the toxin gets into cells, let ne highlight a
nunber of targets that people are considering for
t her apeuti c approaches. So these could include
things like the receptor decoys. It's been shown
that if you express--if you provide the
extracel lular domain of the receptor, it wll

interact with the toxin and act as a conpetitive



i nhi bitor and protect.

Simlarly, fragments of protective
anti gen--perhaps Domain |V, or perhaps
pepti des--m m cking regi ons of Domain 4 that
interact with the receptor could bl ock that
i nteraction and provide protection.

Furin inhibitors are a potentia
therapeutic. 1'Il give an exanple of one in a
m nut e.

Anti bodies to PA, which either bound to
the receptor-recognition domain in PA or, you
coul d i magi ne, antibodi es which bind onto the newmy
formed surface of the PA heptamer. O course
anti bodies to EF or LF have potential value; LF
conpetitors. These could be fragments of LF
peptides, and it's been denonstrated in the Collier
| ab, also, that these could be nade nore effective
by increasing their valency through nmultinmerizing
them because then you get an evidity enhancenent.

Dom nant negative protective antigen
mutants. | think we'll hear nore about those |ater

fromDr. collier. And once we get inside the cell
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as nmentioned, you have two enzymes which are
suscepti ble to devel opnent of small-nol ecul e drug
i nhibitors, either an adenol ate cyclase inhibitor
or a protease inhibitor

And then there's the large class of
nol ecul es that could be imagi ned as dealing with
downst ream consequences of the toxin action. And
these are nore in the class of supportive
t herapies. And as we know nore about the
pat hogeni c- -t he consequences of these two events,
we coul d perhaps select a better set of supportive
t her api es.

[Slide.]

I"mgoing to give an exanple of a
nonocl onal anti body that's been devel oped. And
here I"'mjust indicating again the potentia
targets for antibodies--targeting the extracellul ar
steps. And we're guided in this work by work done
in the mddle-"80s in USAMRI I D, where Steve Little
and ot hers devel oped a set of npuse nonocl ona
anti bodies. And the ones that were neutralizing

and are best characterized are 14B7, which binds to
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Domai n 4 and prevents toxin binding to receptor

and 1G3, which binds to the newly exposed surface
on the PA heptamer and essentially conpetes with LF
and EF binding. That's at this point.

[Slide.]

So, | was involved in a small way, and
wor ked fromthe Lab of George CGeorgi o, and what
that group did was to take the 14B7 nouse
nmonocl onal anti body and cl one the genes, and
produce a single chain antibody, based on the 14B7
sequences. They then went on, by phage display, to
engi neer a higher affinity variant of that
anti body, and they were able to increase the
affinity on a nonoval ent nol ecul e about 40-fol d.
And so 1H was their inproved single-chain antibody.

Then they resorted to the rat nodel, which
| referred to earlier as a test of antitoxins. And
agai n using the nonoval ent 14B7 they were able to
recuse rats which were dying in the control group
at 91 mnutes--they rescued, in fact, 0 of
them -none of them It was perhaps a snall del ay

in tinme to death.
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But the affinity-enhanced variant of 14B7
saved three of the five rats and delayed the tine
to death of the other two.

[Slide.]

And this nol ecul e--the enhanced 14B7--is
actual ly being devel oped by Elusys, and they have
humani zed it, as you would want to do, and nade it
into a full-size antibody. 1In the interest of
disclosure, I'd just say |I have no financia
interest in this, although I had a small hand in
the early steps of its devel opnent.

So | think the antibodi es have obviously
attracted lots of interest as therapeutics. And
that's, in part, because there's |ots of expertise
and skill in humani zi ng anti bodi es and produci ng
themin |arge ambunts. One could inagine that in a
scenari o where there's a nmass exposure of a
popul ati on one could admi ni ster a single dose and
provi de a number of weeks of protection against
infection. It might not be practical to treat
| arge nunbers of synptomatic patients, but these

anti body reagents could certainly have a potentia
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role in that aspect.

And there's always the concern about
antibiotic-resistant strains. Again, these
anti bodies would remain resistant effective against
those strains.

Less nentioned, | think, but deserving
notice, is that an antibody product could provide
immunity to infants, children, immunoconprom sed
persons for whom vacci nes m ght not be avail able or
effective.

[Slide.]

So, |I'mgoing to skip that--another
exanpl e of an anti body which has been devel oped by
a different conpany--Alexion--and it's based on the
1G3 mol ecule. And it has some uni que properties
which, | guess, are probably evidence in the slides
that | provided.

[Slide.]

And here's an article from The WAshi ngt on
Post | thought was well witten. This is where
get a lot of my information--

[ Laught er.]
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--about anthrax therapeutics. And this
was from March, and it was pointing out the work
fromElusys that | referred to and the perhaps even
better known work from Human Genone Sci ences. They
al so have a human anti body which seens to be highly
protective in several models of infection
[Slide.]
And so | highlight the quotes here: " So
many conpani es have responded to the task that the

gover nment now confronts an enbarrassnent of

riches."
And | think that's true. | think there are so nany
prom si ng anti bodi es coni ng down the road--1 think

the public press lists at least five conpanies that
have such products--that--and | think all of them
have efficacy. | have every reason to expect that
they would all be efficacious.

And so the director of ny institute, Dr.
Fauci, said we would conpletely break the bank if
we committed to purchasing every one of them So
there is going to be a problemin choosing between

t hese products.



[Slide.]

I"'mnow going to turn to a few exanpl es
with small-nmolecule inhibitors targeted to anthrax
toxin. And, again, we have two enzymes here which
are potential targets. This is a slide prepared
for Dr. Fauci which | swiped fromhim where he
hi ghlighted, in testifying dowmtown | believe, two
drugs whi ch have shown some prom se--at |east in
very early studies.

And this one |I had a small hand in. And
this is an edema factor inhibitor. So the furin
inhibitor--1 pointed out furin is a potentia
target--the work here is fromlris Lindberg in
Loui si ana, and she has an inhibitor which
hexa- D- ar gi ni ne, which she had been devel oping as a
furin inhibitor. And in this experinment she
showed--again in the rat nodel--that the contro
rats were dying very pronptly after just a few
hours. Co-adnministration of this furin inhibitor
did save half the rats. So this is a denonstration
that furin inhibitors have potential.

[Slide.]
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And the other inhibitor I want to just
draw attention to is targeted to the adenyl ate
cyclase. This is a nodel of the edema factor with
cal mudulin very tightly bound to it, and without.
And Wei -Jen Tang, at the University of Chicago
screened a nunber of conpounds, and was able to
i dentify adefovir as an inhibitor with nanonol ar
inhibitory activity against the enzymatic activity
of the edema factor. And this shows, in cel
culture nodels, that the adenyl ate cycl ase
production induced by edema factor--in the solid
synmbol s--is bl ocked as you increase the adefovir
concentration. And so he's--Wi-Jen Tang is trying
to carry this forward as a first-generation, or at
| east a candi date | ead conmpound from whi ch ot her
edema factor inhibitors mght be devel oped.

[Slide.]

Lethal factor is perhaps has been a nore
popul ar target for inhibitors because it is a
prot ease, and the pharmaceutical industry has
confort in dealing with--searching for protease

inhibitors. The structure of |ethal factor has
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been sol ved, and a nunmber of inhibitor candi dates
have been identified. And this is just a nodel of
the active site of the lethal factor protease, in
which three different--or | should say two protease
i nhi bitors have been superinposed, along with the
nat ural peptide substrate.

[Slide.]

Al so published--already, now, two years
ago--from Merck was a paper describing a
pepti de- based fl uorescence assay which--it was
clearly devel oped with the intent of screening this
conpany's large fam |y of protease inhibitors. And
whil e we haven't heard anything nore fromthemin
public--to my know edge--I do note that they're
presenting this work at the Gordon Conference next
nonth. So there's indication they're continuing to
work on inhibitors to |ethal factor.

[Slide.]

So, again, |I've highlighted a nunber of
targets at which one m ght expect to block the
activity of anthrax toxin and thereby protect

ani mal s and humans who are infected with bacillus
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anthracis. |I'minpressed, in the short tinme that
this has been--these targets have been under
frontal attack by academ c and pharnaceutica
conmpani es, | think trenendous progress has been
made. And | think we can | ook forward to
devel opnent of some effective products int he not
too distant future.

So that's all | wanted to say. And now
I'"mgoing to pass the baton on to the next speaker

[ Appl ause. ]

Clinical Aspects of Disease

DR. STEPHENS: Good morning, and | thank
you very much for the invitation to be here.

Ant hrax, froma clinical perspective, was
of historical interest prior to 2001. 1In the 20

th

century, sone 18 cases of inhalational or
i nhal ati on anthrax were reported. Most of those
were in mllworkers, associated with, in this
country, goat hair inportation. There were sone
cases of cutaneous anthrax occasionally in the
m dwest. But, certainly, 2001 was an inportant

point in terms of our appreciation and



under st andi ng of sone of the clinical issues of
baci |l us anthracis.

[Slide.]

now, | think there are several |essons
fromthat outbreak--and certainly |Iessons from ny
perspective. Those are the inpact of surge; the
clinical recognition issues and the differentia
di agnosi s of anthrax. Some of the issues of
management - - and we' re obvi ously focused today on
anti-toxin approaches, but sone of the issues of
antim crobial managenent were equally--and remain
equally as inportant; issues of imrune response;
and certainly gaps, in terns of our ability to
rapi dly di agnose anthrax, its different clinica

mani f est ati ons; issues of use of the vaccine; and

i ssues of prophylaxis, in particularly, in ternms of

drugs.

[Slide.]

Now t here were 23 cases of
i nhal ational --or 23 cases total of anthrax in the
out break; 11 inhalation and 12 cutaneous. |I'm

i ncl udi ng one | aboratory-acquired case that
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occurred sone nonths, due to handling of specinens
fromthe outbreak.

However, there was at |east a | og higher
of cases in which there was real concern about
anthrax and the differential diagnosis of these
cases remmins--is, and has been, critical in terns
of trying to rule out anthrax. So this required a
ot of effort and a | ot of involvenent of the
public health comunity, and as well as both the
state and national |evel

There were a | ot of individuals
eval uated--at |east a |og higher individuals
eval uated for anthrax. 30,000 individuals were
started on prophyl axi s because of exposure in the
areas Florida, Washington, D.C., New Jersey, New
York. A nunber of people were obviously directly
affected, and virtually the entire popul ati on was
i mpact ed.

[Slide.]

Now, we won't go into this. This is
the--the point, really, of this slide is to

enphasi ze the three clinical fornms of disease



cut aneous, inhalation and gastrointestinal

[Slide.]

Most of you know this history well. The
initial case report: a 63-year-old man from south
Fl ori da who had been on--he becanme ill on a
vacation. He devel oped fever, nyal gias, cough
headache, nausea and voniting, and then he
devel oped altered nental status and presented to a
| ocal hospital in Florida with a diagnosis of
meni ngitis.

[Slide.]

Hi s | aboratory examreveal ed a
| eukocytosis; LP was remarkable froma
neutrophyllic pleicytosis, with |arge nunbers of
polys, but also--which is characteristic of anthrax
meni ngitis--large numbers of red cells found in the
spinal fluid. And this actually turns out to be a
rye stain of the spinal fluid, showi ng |arge
nunmbers of polys, and obviously |arge nunbers of
Gram positive bacilli, which rapidly grew B.
ant hraci s.

[Slide.]
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The investigation: photographer for a
tabl oi d newspaper. He was on a vacati on when he
became ill. Conputer cultures yielded B. anthracis
fromthe surface of the computer. Nasal swabs of a
nunmber of individuals in the building al so were
positive. Prophylaxis was ultimtely given and the
out break began.

[Slide.]

I think you' re obviously very famliar
with this kind of picture, in terns of inhalation
anthrax. Incubation period is--fromhistorica
records--sone 2 to 14 days, with a range of up to
60 days. And nobst of this has been covered by
Steve in his talk.

Agai n, the inportance, though, of
medi asti nal di sease, edemn, henorrhagic
medi astinitis, subsequent henotogenous spread and
meni ngitis should be enphasized.

[Slide.]

This is a diagramfroma JAMA article
| ooking at the inhalation anthrax in Sverdl ovsk;

t he outbreak associated with a bi oweapons pl ant,
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| ooki ng at nunber of days after the accident and
the onset of inhalational cases follow ng the
accident, up to one case at 43 days after exposure.

[Slide.]

There were two patients in the 2001
out break: one from New York City, and a second one
from Connecticut, in which there was probably a
| onger | ength of incubation, although the exact
time of exposure for those cases is not known.

[Slide.]

This is a sunmary fromthe article that
was published by us in Enmerging Infections in 2001
And the second are the 11 cases published in JAVA
in 2002, |ooking at the clinical features of
i nhal ati on anthrax. Median age was 56. Most were
mal es. | ncubation period--which | guess is the
i mportant feature on this particular slide--was
four days, in which the incubation period was
known. And the nedi an duration of synptonms prior
to presentation was 3.5 days, with a range of one
to seven days

[Slide.]



Maj or features, in terns of synptons were
chills, fever, fatigue and mal aise. Night sweats,
in particular--or sweats in particular--drenching
sweats--were also noted in a nunber of patients; a
non- producti ve cough, nausea and vomting, a
dyspnea, chest disconfort--which was described in
the ol der series, also occurred in these patients;
rhi norhea and sore through--upper respiratory
synptons--were infrequent in these individuals.

[Slide.]

Fever, tachycardia was common. Very few
of these patients were hypotensive on adm ssion.
Some subsequently devel op henodynamnic instability.
But hypotension as a presentation was unconmon.
This is very different from say, neningecocca
septicemnm a, for exanple, where hypotension and DI C
are common presentations.

[Slide.]

The initial |aboratory findings: the
white count was high, but not excessively high;
neutrophilia, however, was present, with greater

than 70 percent neutrophils present on the initia
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WBC. Transami nases, interestingly, were el evated
in 10 of the 11 inhalation cases. And hypoxia, by
sone measure, was noted in 7 of the 11

[Slide.]

The di agnosi s was nmade by bl ood cul tures
in eight of the individuals who had not received
antibiotics. Interesting, any antibiotic therapy
rapidly sterilized the blood and the diagnosis in
three patients was established by other, newer
technol ogi es: i mmunohi st ochem cal staining of
transbronchi al bi opsy specinens or pleural biopsy
or pleural fluid, and detection of DNA by PCR in
bl ood or pleural, and by the detection of immune
response to PA

[Slide.]

The initial radiographic findings in
patients with anthrax: the chest x-ray was
abnormal in all 11; nediastinal w dening,
infiltrates or pleural effusion was noted.

Medi asti nal wi dening-- considered to be the classic
for inhalation anthrax--as not present in everyone.

And, again, the chest x-ray findings, although



abnormal on admi ssion, the findings were--could be
subtle. And on a couple of occasions, the initia
abnormalities were, in fact, mssed.

And the chest x-ray abnormalities were
noted within 48 hours of onset of presentation

[Slide.]

This is Case 1--our index case from
Florida. And | think you can appreciate that this
i ndi vi dual did have nedi astinal widening in this
setting.

[Slide.]

However Case 2 from Fl ori da was sonewhat
different in terns of its presentation: presented
with infiltrates and a pleural effusion that
persisted--and really never did have significant
medi asti nal adenopat hy.

[Slide.]

And this is a CT scan showi ng the |arge
pl eural effusions, which were characteristics of
these patients, and really conplicated their
clinical course

[Slide.]
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This is the case fromthe Washi ngton area

There--and | think the findings were nore subtle in
this case. There is some nediastinal w dening in
this particular patient; maybe an early devel opnent
of a pleural effusion on the left side, but
findings can be, in fact subtle.

[Slide.]

CT was nore sensitive, show ng nedi astina
adenopathy in this particular setting.

[Slide.]

So, in sunmmary: profound seating and G
synptons were notable; chest x-rays were uniformy
abnormal, although with a variety of findings.

And, again, the initial films could be--were
subtl e, and findings could be m ssed.

Bl ood cultures were positive early in the
course, before antibiotics.

Pl eural effusions were an imnportant
feature of the illness. Frequently it required
drai nage. And, certainly, sonme of the issues
regardi ng i nproved survival have to do with

aggressive attention to these pleural effusions,
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and the alleviation of the respiratory conprom se
that was characteristic of these patients.

Pleural infiltrates were found in over 60
percent of patients. Survival was higher than the
15 percent previously reported. And, again, the
enphasi s on the newer diagnostic tests--1HC, PCR
and serol ogy--were very hel pful in understanding
the spectrum of this disease.

[Slide.]

This is a brief review This is Jeanette
Guarner and Sheriff Zaki at the CDC published this
revi ew of the pathol ogy of inhalation anthrax on
five fatal and three non-fatal cases--again
enphasi zi ng these serosangui nous pl eural effusions,
the henorrhagic nediastinitis, and the presence--in
mul tipl e organs, especially in the patients who
di ed--of bacilli--of cell-wall or capsulary
antigens in multiple organs. And, again, in this
particul ar study, |IHC was an indi spensabl e t ool

[Slide.]

And just a couple of quick slides from

t hat paper: henorrhagic nediastinal |ynmph node;
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lots of inflammtion and henorrhage in the

medi astinum And these--this is an | HC | ooki ng at
antigen positivity in these specinmens from patients
who di ed.

[Slide.]

This is a series of pleural studies on
patients during the outbreak of cell block, I ooking
at pleural reaction. And these also include a
pl eural biopsy--again with lots of reaction at the
pleura, with lots of B. anthracis antigen present
in these speci nens.

[Slide.]

Now, the differential diagnosis of
i nhal ati on ant hrax includes influenza or a vira
syndrone. Several of these patients were thought
to have a viral syndrom actually sought nedica
attention and then were sent honme with that
di agnosi s.

The atypical causes of pneunonia--from
mycopl asma t hrough viral pneunonia, Q fever,
psittacosis, Legionnella. And those conditions

that are known to give you nedi astinal are
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endot hor aci ¢ | ynphadenopat hy, hi stopl asnosi s,
cocci di odi omycosi s, tuberculosis. And one patient
was actually adm tted and bei ng worked up for a
mal i ghancy.

[Slide.]

This is--turning to the cutaneous cases,
case one, from New York: a 38-year-old woman,
assi stant anchor, devel oped an erythematous papul e
on her chest; three days. She devel oped a
vesi cul ar, ul cerated, edematous |esion; had
headaches, mml ai se, satellite vesicles; was started
on Ciprofloxacin, and by 10/9 of '01 had devel oped
a black eschar. |IHC and serol ogy was positive.

[Slide.]

And this is just the |ate features and
mani f est ati ons of anthrax--cutaneous anthrax--in
that particular patient.

[Slide.]

The only child in the outbreak was a
cut aneous case: actually a seven-nonth-old child
who, after visiting a network studio with his

not her, his arm became swollen and he was given
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augmentin but he remained febrile. He was
ultimately admitted to the hospital and had edemn
and a large black eschar. Interestingly, he and
one of the inhalational cases, late in their
course, had evidence of hemolytic uremc-Ilike
syndrone, with henolysis and thronbocytopenia. And
in this particular patient, |IHC and PCR was
positive on blood for B. anthracis.

[Slide.]

And this is the ultimate course of his
particular lesion in this child.

[Slide.]

And this just summarizes--the
|etters--some of the New York cases on onset. This
was actually after this second--or the New York
Post letter was identified, and resulted from
handling of that particular letter

[Slide.]

So, for cutaneous anthrax, the incubation
period is 1 to 12 days. The papul es are painless.
Papul es progress to vesicle or bullous fornmation

wi th surrounding, nonpitting edema. The centra
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vesi cl e becones ul cerated and necrotic, and
surround- -and becones often surrounded by satellite
vesi cl es, subsequently formng this black eschar
which is characteristically depressed and pai nl ess.

Fati gue, chills, fever, regiona
adenopat hy may occur in these individuals.

[Slide.]

This is not fromthe outbreak, but just
gi ves you a better sense of some of the progression
of lesions fromvesicle and papule formation, to
eschar formation over a period of 7 to 10 days.

[Slide.]

Agai n, not fromthe outbreak, put show ng
you sone of the differences--sone of the clinica
presentations of--and the earlier ulcerations of
cut aneous ant hr ax.

[Slide.]

This actually is fromthe outbreak,
showi ng an eschar--actually a debrided eschar--on a
finger in one of the cutaneous | esions.

[Slide.]

And this is actually an early |esion
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associ ated with the outbreak, showi ng you the
initial vesicle formation.

[Slide.]

And this also is fromthe outbreak. And
as you will--again, show ng--this individual also
had secondary staphyl ococcal bacterial infection
conplicating his anthrax, which were seen in a
coupl e of individuals. This individual also had
positive blood cultures for B. anthracis.

[Slide.]

So, the differential diagnosis is
i mportant. These kind of cases continue to occur
Al 't hough the outbreak is obviously over, the issues
of differential diagnosis, the issues of unusua
rashes and the concern about future cases
continues. And there's a lot of--there's
i mportance, obviously, in appreciating what are the
nmost common differential diagnoses--what is the
nmost conmon of the differential diagnoses of
cut aneous ant hr ax.

Interestingly: spider bites. 1In a review

of Sheriff Zaki, isolated | esions of varicella
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Zoster were actually quite conmon in the
differential diagnoses--fromthe New York area in
particul ar, Rickettsial pox; herpes sinplex type 1
also is in the differential diagnosis, as are the
nore traditional |esions associated wi th cutaneous
ant hrax: erythema gangrenosum or pyoder ma
gangrenosum which al so can present |ike cutaneous
anthrax; tularem a, plague--and the inportance,
agai n, of the comron, but sonetines presenting in
an eschar kind of way, in particular staphylococca
i nfections.

[Slide.]

This is actually a case. Cases like this
often occur on Saturday night. And this one
occurred on Saturday night, and was a child of a
| aboratory worker, who was real concerned about
what this was. It turned out to be a Brown Recl use
spider bite in this particular child. But it gives
you a sense of the differential diagnosis that is
i mportant to consider in these kind of individuals.

[Slide.]

Now, this is an article--Conrad Quinn's



going to be talking in a mnute. There was an
opportunity, obviously to exam ne the imune
response in patients who were a part of the
outbreak. And this is--the data I'll show you is
an article that's in press in Journal of Infectious
Di seases. Twenty-two patients conprised this
group--this study. Serial serum sanples were
obt ai ned; hunoral response to PA and also LF is
bei ng | ooked at in these individuals, and al so
toxin neutralization.

[Slide.]

And | won't go into this assay. This is
from Conrad's paper in Enmerging Infectious
Di seases, |ooking at the validated anti-PA I gG
ELI SA--originally devel oped to | ook at vaccine
qgquestions, but rapidly adapted in the outbreak to
be very useful clinically with a very good
sensitivity and a specificity which can be enhanced
by a conpetitive ELI SA.

[Slide.]

And | won't go into this.

[Slide.]



These are data fromthe outbreak | ooking
at anti-PA 1gG antibody in patients with
i nhal ati onal anthrax, noting that in sone
i ndi vi dual s the response was quite high
approaching 1,500 ncg per ml. Most of the
i ndi vi dual s--the | owest was around 150, as |
recall--in terns of peak |evels, the peaks
general ly occurred approximately 30 to 60 days
after onset of symptomatology. And in follow ng
these patients out to a year, they continue to have
| evel s of anti-PA antibody present.

[Slide.]

Cut aneous patients were quite different,
however. They--only a couple of them nounted
response greater than 100 ncg. Sone of them were
hi gh early and cane down quickly. 1In a couple of
i ndi vidual s the response was actually quite | ow,
and there was a question of why this was the case.
Was this antibiotic suppression? Mny of these
patients were started on antibiotics fairly
qui ckly.

But the data woul d suggest a very
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different picture between cutaneous di sease. The
one patient shown here, who nounted one of the

hi gher anti body responses, was al so a patient who
was bacterem c.

[Slide.]

There is a very good correlation--in work
| ooking at the levels of anti-PA IgGwith toxin
neutralization, a good correl ation between toxin
neutralization and anti-PA anti body. In work done
with Shane Croddy and Al Huned at Enpory, we've been
able to look at specific 1gG nmenmory cells in
patients--the patients with inhal ati onal disease
versus cut aneous di sease, and all of the six
pati ents who were avail able, who survived, had
evi dence at six nonths and | onger, of nmenory B
cells that were present in individuals with
i nhal ati on di sease, versus only one--and this was
t he bacterem c patient--who had evidence of nmenory
B cells with cutaneous di sease.

[Slide.]

And | won't go into that.

[Slide.]
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So 1gG and anti-PA antibodies in patients
wi th inhalational anthrax were detectible 11 days
after synmptom onset. Anti-PA was a predictor of
toxin neutralization and the devel opment of
specific PA nenory B cells. And in the cutaneous
anthrax patients, the nmagnitude of anti-PA-specific
I gG and toxin neutralization and menory B cel
response was less. And there really were two
groups-those with a rapid rise and fall, and those
with a very | ow and del ayed response. And the
reasons for that are not--at least in ny
m nd- - cl ear.

[Slide.]

I won't go in--because of the focus of
this particular neeting--in terns of the antibiotic
issues. | will point out that nunber of these
patients did get protein inhibitors knowmn to have
anti-toxin effects; in particular, Cindanycin. And
whet her that was a conponent of the increased
success, certainly, aggressive antimcrobia
t her apy, aggressive drai nage of pleural effusions,

aggressi ve supportive care were, in my view, key

61



instruments in ternms of the success.

[Slide.]

There are lots of issues that | think are
still out there regarding treatnent--the best
antimcrobial reginmen; the treatnment of nmeningitis,
what are you using in the setting of nmeningitis, a
pretty much uniformy fatal disease?

What about steroids? Steroids were used
in several of the individual s--especially the
i ndi vidual s with extensive edema and cut aneous
di sease. Again, we're tal king anecdote, in the
sense of a limted nunber of patients, in terns of
the data that we have in humans clinically.

Length of therapy, persistence of spores,
and how |l ong do you continue prophylaxis. There
was, and still is sonme controversy about how | ong
you shoul d continue prophyl axis.

[Slide.]

And | won't go into this. This has to do
with issues of |long-termuse of antibiotics.

[Slide.]

After the outbreak, there was a nmeeting to



di scuss research priorities. And, obviously, this
meeting is a continuation of issues of antitoxin

i mrunot herapy and how to best approach that; also

i ssues of antibiotic therapy, and the inportance of
ani mal nodels and establishing ani mal nodels that
are reliable and predictors of human di sease. As
nost of you know, there are lots of issues in that
particul ar area.

I won't go into the anthrax vaccine, but
inthe interest of time I want to acknow edge the
role of the CDC, the Meningitis and Specia
Pat hogens Branch, the National Center for
Infectious Diseases, the Clinical Team and State
Teanms, who were very instrunental in collecting a
|l ot of the clinical data; obviously, Conrad Quinn
and his laboratory at CDC;, Sheriff ZzZaki and his
| aboratory; Patter Dull and Carolyn Greene, two
former EAS officers who played a significant role
in the evaluation of and obtaining specinens on the
pati ents--surviving patients; John Hernigan at CDC
and Enory; the |l ocal health departnments; and

i ndi vi dual physicians who were caring for these
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very sick patients.

So, | appreciate your tine.

[ Appl ause. ]

DR. FRUCHT: Thank you, Dr. Stephens.

PART Il - In Vitro Characterization

DR. FRUCHT: It's my pleasure to introduce
you to the In Vitro Characterization session of
thi s workshop.

I"m David Frucht. [I'mfromthe Division
of Monocl onal Anti bodies, and |I'm happy to say that
we' ve assenbl ed an excellent group of speakers and
panel i sts today.

| should say that our speakers will only
be covering a subset of the bioassays that are used
to characterize the large variety of potentia
ant hrax therapeutics. However, with the group of
experts that we'll have on the panel, |'m sure that
we'll be able to answer any ot her questions, or
di scuss points that aren't covered in the talks.

Qur first speaker today is Dr. Conrad
Quinn. He's the Chief of the Mcrobia

Pat hogenesi s and | mune Response Laboratory. Dr.

64



65
Quinn received his Ph.D. in mcrobiology in 1989
fromthe University of Wales, follow ng which he
did his post-doctoral training at the NIH  The
current focus of his laboratory is the devel opnment
of validated i mmunoassays for the diagnosis of
anthrax in humans, and for quantitative eval uation
of hunoral i mmune responses to anthrax vaccines.
In addition, his |aboratory performs i mmunoassays
for clinical trials in the CDC anthrax vaccine
research program

Dr. Quinn?

In Vitro Assays to Characterize Anti-toxin
Based Ther api es

DR. QUINN: Good norning, |adies and
gent | enmen.

Can | get the first slide?

[Slide.]

This nmorning I'd like to touch on sone of
the in vitro assays that we have been devel opi ng at
the CDC for evaluation of toxin therapies. W will
focus on one assay in particular--the toxin

neutralization assay--because of its broad spectrum



application.

[Slide.]

well, I'l'l start by firstly recappi ng on
some of the things we've heard already this norning
fromDr. Leppla and Dr. Stephens.

The causative organismof this disease is
bacillus anthracis, which is a Gam positive spore
former. It's a large bacilli within the bacillus
cereus group. It can be distinguished fromits
close cousins by its clear characteristics of the
absence of notility; usually penicillin-sensitive,
usual | y gamma- phage sensitive; and it is non
henol yti c--which distinguishes it from bacillus
cereus.

It also produces a tripartite protein
toxin and a ganma-I|inked poly-D-glutanmic acid
capsul e--whi ch we heard about, again, this norning.
And you can see it hear, stained with a MFadden
stain on the outside of the organism growing in
serum or bl ood.

I'd like to focus on these two conponents

here: the tripartite protein toxin, and the acid
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capsul e, because these are its mgjor virulence
det er mi nants.

[Slide.]

O course, the proteins can now be
produced and purified to high levels of purity for
anal ysis and anti gen devel opnent and therapeutic
nol ecul e devel opnent. They are, interestingly,
serologically distinct, which is illustrated nicely
here by the rather ol d-fashioned but still very
effective Quchterl ony doubl e i mmunodi f f usi on
technique. And, as we heard from Steve Leppla this
nor ni ng, these toxins--these three proteins--act in
bi nary conbi nati ons of PA and LF to generate |etha
toxin: protective antigen and ederma factor to
generate the edema toxin. The effects of the
| ethal toxin are now known to be due to its
anti-protease activity, which affects cl eavage of
ki nases. It has also been shown to |yse certain
macr ophage cell lines in vitro; shown first by Dr.
Friedl ander at USAMRIID in the nid-'80s, and
subsequent |y devel oped as a neutralization assay by

Steve Little at USAMRI I D.
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We al so know that it has an effect on
cyt oki ne nodul ati on and perhaps i ”Mmunosuppr essi on
in the early stages of infection. And sonme of the
characteristics of its fatal effect in animals are
hypoxi c insult.

[Slide.]

The edema toxin is known to be an
adenyl ate cycl ase, converting ATP to cyclic AMP
intracellularly. This has al so been denonstrated
to have sone | evel of cytokine nodul ati on, and the
gross characteristic effects are the edema of the
i nfection, characteristic in its diagnosis.

[Slide.]

Again, we saw this norning from Steve the
node of action--or the accepted node of action from
the toxin: as the protective antigen binds the
cell receptor, gets cleaved by surface proteases
such as furin; the 20-kilo-doltan fragment is |ost,
| eaving this 63-kilo-doltan nonomer which then
hept aneri zes.

Thi s heptaner then conpl exes with edena

factor or lethal factor to forma conmplex which is
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internalized through septa-nedi ated endocyt osi s.
And after acidification of the endosone, is
transl ocated into the cytosol where the two
different toxin enzynes exert their different
effects.

[Slide.]

All three of the toxin proteins have been
purified and crystalized. And we know that they
have different demand structures--and these becone
relevant in ternms of devel opi ng therapies,
particularly for protective antigen, which
undergrows this conformational shift and change
when it forms the heptaner, exposing new sites, and
perhaps hiding earlier epitopes.

Lethal factor also--which I'll focus on
very briefly--crystalized and becanme structurally
el uded. We see here the ainc atons buried in the
catalytic domain, in Domain 4. And the rel evance
of these structures, and our understanding of these
structures and the conformati onal changes during
i ntoxication, indicate that there are nultiple

sites of intervention for devel opi ng therapeutics;



be they bl ocking interaction with the receptor

bl ocki ng cl eavage by the activating proteases such
as furin; blocking heptanerization; conplex
formation; internalization and translocation; as
wel | as the individual enzymatic activities of the
proteins thensel ves.

[Slide.]

A very brief review of what's in the
literature shows that the small-npolecule inhibitors
fall into three categories: inhibitors of edema
factor thensel ves, as neasured by reduction of
adenyl ate cyclase activity, either intracellular or
extracellular. And here we have just two rel evant
publ i cati ons from Sol eman and Shen

The second group woul d be inhibitors of
| ethal factor, focusing on its endoprotease
activity. And we have three representative
literature citations here. These fall into
aromati ¢ pharmacophores, peptide inhibitors, and
al so pol yphenol catechin.

The third group is innovation of protein

interaction. And here I've put the furin
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i nhi bitors, such as Hexa-D arginine--which Steve
Leppla referred to this norning; but also conpl ex
i nhibition, such as the pol yval ent protein decoys
and dom nant negative nutants which have been
devel oped in John Collier's lab

[Slide.]

in terms of inmune products, these focus
on ployclonal or monocl onal antibodi es--and these
are, again, taken fromthe literature. |In the late
"90s Steve Little, et al., devel oped nonocl onal s
from anti-AVA vaccinated mce, and al so PA-specific
and LF-specific nonocl onals.

There are nonocl onal anti-AVA, focusing on
protective antigen. And, of course, nonoclonals
rai sed agai nst reconbi nant proteins. And these al
are featured promnently in the literature in the
| ast few years.

[Slide.]

Steve Leppla also related to Tony Fauci's
comment that we can't address or invest in every
i mune product that's out there. So at the outset

of this year, with the CDC, we were nandated by HHS
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to find out what was out there in terns of what
candi dates in immune-product devel opnent are
avail abl e; what m ght be their stage of devel opnent
and their availability for product devel opnment; and
to do some sort of initial evaluation, using a
uni form technol ogy platformthat would allow us to
formul ate a procurenent strategy for later this
year or next year.

[Slide.]

At the end of |ast year we put out a
request for information, requesting responses by
February of this year, in which we proposed to
undertake an in vitro analysis of sone of these
products, using anti-PA anal yses, binding assays,
but, nore inportantly, the lethal toxin
neutralization assay, which I'll focus on for the
rest of this presentation.

This neutralization assay is a functiona
assay. |It's essentially species-independent, and
we intend to have this prelimnary eval uation of
responses to the RFI conpleted by the end of July

this year.



[Slide.]

The features of the CDC assays that nake
it attractive in this context are that we have
generated, as part of the anthrax vaccine research
programs in the NIH RPA clinical trials, a series
of qualified reference standards and reagents.
We've al so devel oped standardi zed technol ogi es for
these trials. And if we focus on the
neutralization assay, which is |letha
toxi n-specific, containing both protective antigen
| ethal factor, we know that this assay is not
speci es or nol ecul e-dependent. We have nodel ed t he
response curves using the four paranmeter |ogistic
log nmodel. And this conbination of science and
mat hematics allows us to generate cal cul atabl e
endpoints with high precision and with high
accuracy.

In some instances, where appropriate, we
continue to use the ELISA--for exanple, for
conpari ng pol yclonal or nonoclonal antibody
product s--human anti body products--to anthrax

i mrunogl obul i n which is being devel oped by CDC and

73



74
HHS as an energency response neasure.

[Slide.]

Using this assay, the sort of reportable
val ues that we generate are effective
concentrations, giving 50 percent neutralization,
and the different ranges around this bioassay
curve, such as concentrations giving 90, 95 or 99
percent neutralization. And at the |ow end of the
curve, concentrations giving 1, 5 or 10 percent.
And hopefully this will beconme clearer as |I go
t hrough the presentation.

[Slide.]

Vell, let me start first by briefly
describing the way the assay works. W have a
fixed concentration to protect lethal factor. The
| ethal factor here is in a stochianetric excess.

We have a fixed concentration of cells per well in
the bi oassay plate, and we present varied dilutions
of the test material. W record reporter signal as
a surrogate nmeasure of viability against dilution
of the product in the plate.

[Slide.]
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At the upper end of the curve we have our
positive neutralization. Control. And, again, a
zero neutralization control or 100 percent
effective killing.

We then nodel our standards and our
products, using a four-parameter fit signoidal
curve to transformdata. And this four-paraneter
nodel allows us to neasure or determ ne the upper
asynptotes of this curve, the | ower asynptote, and
the inflection point, as well as the gradient of
this curve.

The inflection point of the four-paraneter
logistic log nodel we refer to as the 50 percent
neutralization, or ED 50--effective dilution giving
50 percent protection in the cells.

[Slide.]

Because we use the four-paraneter |ogistic
| og nodel, and devel opnents thereof, we also can
pi ck specifically, and with precision, different
points in this curve which give us different
measures, which we refer to as the quantitation

titer and the threshold titer.
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[Slide.]

These cal cul abl e or reportable value from
these sl opes are generated froma nmathenmatica
interpretation of the four-paraneter curve; the
first and second derivative. The first derivative
measures the slope and the changes in the slope
with that original function of the bioassay data.
The second derivative neasures the rate of change
of slope in the original function

[Slide.]

This is shown graphically here, where we
have the bioassay curve with this four-paraneter
logistic log curve fit. And here we have the pl ot
of the first derivative. At these intersections we
have the threshold titer. And this is the first
point in the curve which, after enpirica
eval uation, is shown to be statistically
significantly above background--or the | ower
s- asynpt ot e.

[Slide.]

Looki ng at the second derivative, based

fromthe first derivative--so this is totally



dat a-driven--we have the m ni mum and the maxi num
poi nts of the second derivative which define a
linear or usable portion of this four-paraneter
logistic curve. And the lower of these we refer to
as the quantitation titer. So this has got a

hi gher | evel of robustness, mathematically, than
the threshold titer, but it has | ower sensitivity.
That's why we opt to use both of them

[Slide.]

So, taken together, then, we have these
three reportable values fromthe neutralization
assay: the ED 50, which is the inflection point of
the four-p | fit; the threshold titer, which is the
| owest point on that curve we report with
acceptable precision; and the quantitation titer
whi ch defines the usable portion of that curve.

[Slide.]

So if we have the standard curve fitted to
each plate, and the test curve, giving a signoidal
curve, things are fine and dandy. W can report
ei ther out our ED 50, and the CT and TT at the

| ower points of the curve.
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More significant for serol ogi cal responses
or vaccine responses for which this assay was
devel oped: the nodel fit also allows us to
eval uate | ow but reactive sera responses or product
responses by back-nodeling but constraining to the
positive controls. So we can develop theoretica
ED 50 should the need arise. These together with the
threshold titres are the reportable values for our
products.

[Slide.]

The benefits of using QI, TT and the
four-paranmeter logistic nodel fit are that it gives
us hi gher precision of reproducibility than other
avai | abl e methods. The nethod itself has broad
application to other assays; not just the TNA, but
ELI SA, for exanple.

And currently it's being devel oped in SAS.
We call it the Taylor Method, after the
statistician at CDC who's developing it. The
four-PL nodel, together with the high through-put
analysis that this system provides gives us the

opportunity to apply consistent and objective QC
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criteria to anything that we evaluate in this
system

[Slide.]

We al so apply these assays and conpari sons
to a rigorous QC criteria. The standard curve
provi des this QC paraneter, together with positive
neutralization and negative neutralization
controls. But the standard itself nust return
wi thin an expected range and all owi ng a bracket of
two standard devi ations.

There nmust be a good relative fit of the
standard stated to the nodel. W nust have a good
distribution of the data points across that nodel
We nust have sufficient depth of curve, with a
maxi mum OD and a mi ni num OD whi ch are acceptabl e,
showi ng good viability and good cell density.

And we al so have low variability in the
standards data, as well

The negative serum control and the
positive neutralization control define the upper
and lower limts of the assay, indicating that it

has succeeded.
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So with these QC criteria, as well as the
mat hematical interpretation, this is the system
whi ch we are eval uating current responses to the
RFI of February.

[Slide.]

If you look at the way this assay perforns
interms of AVR414, which is our human standard
reference serum here we have a small subset of 96
pl ates. W see that the precision is high, with
7.7 percent CD. Intermediate precision of the
assay is also acceptable and is good. W have four
here: three test sanples and the reference
standard itself, all the CDs returning under 30
percent.

The nean goodness of fit of the data to
the standards nodel is high. And the ED 50--the
i nflection point of this nodel for the AVA414
standards curve, is robust and reproduci bl e--high
preci sion here, as well

The assay is sensitive--the assay system
is sensitive, with a |ower read on the standards

curve of 41 nanograms per ml, and a quantification
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which is the range between the QT readings on the
second derivative of .07 to .3 for this particular
standard serum

[Slide.]

We' ve evaluated this assay in a variety of
speci es, including nmonocl onal anti bodi es--Mirang
devel oped at CDC. Polyclonal antivaccine
antibodies in different species. And what we found
is the performance characteristics of nmacaque, mce
and rabbits on nonoclonals are very, very simlar

[Slide.]

And this is illustrated here, just by
gi ving the basic signoid curves fromthese three
standard reagents in the sane assay. The data
points and error bars are left off for clarity.

But the point here is that the different
speci es generate simlar curves--different slopes
in sonme instances, but essentially upper and | ower
asynptotes and inflection points characteristic of
the human response.

[Slide.]

In this assay we know al so that there is a



good correl ati on between the neutralization
efficacy of serum anti body and the ELI SA
quantification of polyclonal serum antibody in both
humans and al so i n macaques, who have a high

correl ation coefficient of .84.

[Slide.]

So when we put this assay to |ooking at
i mrunot herapeutic testing, we actually flip the
curve around, because we are no |onger interested
in just dilutions of product or serum we now want
to address concentrations. So we use the sane
paraneters, the same set-up, the sanme nat hematica
evol ution and devel opment, but now we flip it
around so that we convert dilutions to
concentrations.

And this is what a typical standard
response | ooks |ike. W have our signpoidal curve
with the four-parameter logistic log fit. We have
our inflection point of the nodel which gives us 50
percent neutralization OF THE EC50. And we al so
report EC 1, 5, 95 and 99. And this becones

i mportant where we have curves which are not
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paral lel.

[Slide.]

This is data generated--this is actual
out put from our SAS al gorithm-again, based around
414- -when the data has been transformed. W see a
nice signmoidal fit. And here we have the
reportables at this point on our dilution scale of
1 percent, 5 percent, 50 percent neutralization--95
and 99 percent neutralization.

The untransforned data curve | ooks |ike
this, and at this point when we map it from
di luti on back to concentration.

So for this particular polyclonal of human
vacci ne E serum we see the EC50s here are 167
nanograns per ml. This is froma small subset of
the recent eval uation data.

[Slide.]

So of outputs that we generate for each
product, including the AVR414, the ED50 dil uti onal
Qr and TT dilutional, and then the concentration
val ues.

And here we can see that for each of these



reportabl e val ues, we have hi gh precision, as
reflected in | ow CV val ues here. And, as expected,
the EC50--the inflection point of the curve--has

t he highest precision, manifest in the | ower CV
and as we go down to the |ower parts of the curve,
the precision is lower, but still acceptable.

[Slide.]

Ot her outputs that we capture fromthis
curve are the asynptotes and the sl ope around the
inflection point. And there's a change here from
the slide as to what is in the notes. There was a
typo on the first copy.

[Slide.]

The reason for capturing all of these --as
| alluded to--is that sone curves will not be
parallel. This assay does not address parallelism
but we want to be able to capture--for exanple,
here--the standard; a nice curve which will report
an ED50 or EC50 of a particul ar val ue.

But anot her product, or another serum
could have a simlar or identical EC50, but very

di fferent slope characteristics. So, at this point
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in the prelimnary evaluation, it's inportant to
capture the range from1 to 99, or 5 to 95, as wel
as the EC50 and the slope of that curve.

We woul d expect that the upper and | ower
asynptotes of the curves are agreeable to simlar

[Slide.]

Here we can see shifts to the right for
| ower potency nolecules, and to the left for higher
pot ency nol ecul es.

[Slide.]

We do recognize that at this stage in the
assays, based on the rationale for which they were
devel oped that there are limtations. The ELI SA,
for example, which we use extensively to analyze
human response to vaccines and infection is
restricted to human anti bodi es with Xc conmponents;
and that automatically excludes non-human
anti bodi es, fabs, single-chain fraction variables,
m metics, and other small nol ecule inhibitors. So
there are mpjor limtations to using
strai ghtforward bi ndi ng assays.

The neutralization assay, however, is our



broad spectrum application at this time. But it,
too, has limtations.

Currently, as designed, it enphasizes the
contribution of the PA83 nolecule. And it is also
possibly limted to PA and | ethal factor or
receptor-binding therapeutics, but that has to be
countered with the fact that it can still be used
in those arenas.

And we're currently contenpl ating
nmodi fications to broaden the scope of this assay so
that it has nore enphasis on anti-LF i muno
products. W will be able to differentiate between
pre- and post-receptor binding events. We'IlIl be
able to develop it for analysis of
conformati onal - dependent events; and al so for
eval uation of small nolecules. This is sonething
we have not yet started in our |abs at CDC

[Slide.]

So, to conclude, then, our focus in
i munsup product therapy, inmmune therapeutic
product evaluation, is on the neutralization assay,

whi ch we have denmpnstrated to be accurate, precise
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and robust.

We have a panel of standardi zed reagents
and technol ogi es which allow us a high |evel of
quality control of the assay. And it has a
flexible application in that it's
speci es-i ndependent and al so quantifiabl e.

We do recognize the limtations currently,
inthat it primarily has a PA enmphasis, but it can
be optim zed--and it is optim zed--for antibodies
ot her than small nol ecul es.

An inportant next step in developing this,
as well as broadening its scope of interpretation,
is to relate what we see in vivo to what this assay
tells us in vitro.

So, with that very brief overview of our
work at CDC, |I'Ill hand over to the next speaker.

[ Appl ause. ]

DR. FRUCHT: Qur next speaker is Dr.
Jenni e Ri emenschneider. She's a biologist in the
O fice of Blood Research and Review at CBER, FDA
She received her Ph.D. in nolecular virology from

Case Western Reserve University. Later, she was an
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NRC fellow at the U S. Arny Medical Research
Institute of Infectious D seases where she worked
on ebol a and ant hr ax.

She joined the FDA in 2002, and has
publ i shed work on sheep-derived anthrax antitoxins.
She's currently studying a therapeutic role for
bot h bovi ne-derived and hunan antit oxins.

Dr. Ri emenschnei der

Devel opnent of Pol ycl onal | munogl obulin Products

DR, RI EMENSCHNEI DER: Good norni ng. Today
I have the pleasure of speaking to you about the
uni que and chal | engi ng i ssues that surround the
manuf acturi ng and testing of polyclonal antibody
products.

As natural proteins of the i mune system
anti bodi es make ideal drugs. And because of the
i nherent nulti-val ency of polyclonals, they have a
uni que place in the arsenal for the treatnent of
i nfecti ous di seases.

The O fice of Blood at CBER has a uni que
perspective on these products, both fromthe

regul atory and research points of view. As you



know, we are responsible for the regul ati on aspects
of such products but, in addition, we al so have
active research | aboratories studying polycl ona
anti bodi es, including those agents of interest to
counter-terrorism such as vaccinia virus and
ant hr ax.

[Slide.]

| mune gl obulins may very well be the
first historically used plasma product, with
Behring's work on di phtheria antitoxin, which is
now over a century old. 1In 1893 he denonstrated
that it was possible to treat diphtheria infection
with serum After additional research, Behring
realized that antitoxin characteristic of blood was
not found in the blood cells but in the cell-free
serum Wth his inportant discovery, Behring laid
t he foundati ons of nodern i mrunol ogy.

[Slide.]

I mmune gl obulins can be used for a variety
of different conditions. First, they can be used
in the prevention of a variety of bacterial and

viral diseases, and this is especially critical in
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i mmune-deficient people.

| mmune gl obulins are also critica
treatment to those who have been exposed to certain
pat hogens, and this is the setting in which
pol ycl onal | mune gl obulins are nost likely to be
used for counter-terrorism

In addition, inmne globulins have been
used to prevent newborn henol ytic di seases, and
al so an i mmune nodul ation for patients with |ITP.

Anot her critical indication for imune
globulins is the role of antitoxins, which is
especially inmportant for this discussion. In this
setting, polyclonal antibodies have been a critica
treatnment for diphtheria, as |I nentioned, and al so
botuli sm and snake and spi der invenomation.

Bl ood pl asma contains a m xture of
hundreds of different kinds of proteins, only a few
of which are of therapeutic interest. To make
pl asma-derivative products, plasm can be treated
in a variety of ways to separate the desirable
products--in this case, imune globulin--from

others. [I'Il go into a bit nore detail about the
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manufacturing in a few mnutes, but I do want to
poi nt out early that the process of obtaining
anti bodies fromplasma is very conplex, and a
variety of different nethods can be used.

The econony of scale of manufacturing
i mune gl obulins and the need for a w de spectrum
of specificities requires a |arge donor
pool --typically, at least a thousand donors.
However, for the manufacture of hyperimune
gl obulins this nunber may be |l ess, nmainly due to
the availability of appropriate donors.

And because they're biological products

derived fromboth humans and aninals, there is a

safety issue related to the transm ssion of viruses

and ot her pathogens. And, in addition, adverse
reactions can be encountered.

So, as | nmentioned, there's different
sources for polyclonal imune globulins, human and
animals. And they both have their own set of
i ssues that need to be addressed.

[Slide.]

For human-derived i nmune gl obulins, we
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must be acutely aware of the potential to transmt
di seases. In addition, there's the possibility of
unwant ed anti bodi es, such as anti-D or
i soaggl uti ni ns.

A concern that is extrenely relevant for
counter-terrorismrelated i mune globulin is the
fact that there nay not be a | arge donor pool, or
popul ation for the collection of plasmas
manuf acture for the desired product. Certain
i ssues need to be considered, such as who and when
can be plasma-pheresed to obtain the desired hyper
i mune plasm? And will new individuals need to be
i muni zed or re-stinmulated in order to coll ect
sufficient anounts of plasma?

Animal s are the other source of plasm for
i mune gl obulin production, however there is a risk
that the i mmune gl obulins thenmselves from ani nals
may cause adverse events due to their cross-species
i mmunogenicity. One way to address this is to
renove the i munogenic region of the antibody--the
Fc, with a nethod called "despeciation." Residua

ani mal proteins can also be a potential source of



undesi rabl e i nmune reactions, and because of this
it is sometinmes necessary to test for
hypersensitivity and perform desensitization
procedures prior to treatment.

And as with the human product, there is
potential to transmt infectious agents--in this
case, zoonotic agents, such as West Nile virus or
rabi es--al though, to date, neither of these have
occurred with plasm derivatives.

[Slide.]

So, because pol ycl onal i mmune products
have been used for several decades, we have
extensive experience with these types of products.
And this experience even extends to bioterrorism
count er neasures, such as vaccinia i mune gl obulin
derived from human, and botulism antitoxin derived
from horses.

Because these products were |icensed many
years ago, nodern efficacy studies were not
performed, and |icensure was based on literature
and small case studies. And so, as we know,

requi rements for licensure have changed and will be



a mpjor topic of discussion in today's workshop

[Slide.]

So, first, I'd like to focus on the
human-derived i mmune globulins. And as | mentioned
al ready, they're already used for variety of
i ndi cations. The bulk of these are in a
prophylactic setting. This includes the use of
IA@Vin primary and secondary i nmune-defici ent
patients, and also in the prevention of diseases
such as hep B, tetanus, CW and RSV.

Human i mmune gl obulins can al so be used
for treatnment, although this is a |ess conmon
occurrence. Exanples of this are in the treatnment
of infant botulism and tetanus. However, for the
pur poses of today's discussion, this is an
i mportant indication, since this is where
hyperi mmunes are likely to be used in the treatnent
of ant hrax.

I'd also like to point out that inmune
gl obulins can be administered by IMor |V
injection, and they're referred to as IGor 1GF,

respectively.
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And, also, there are already currently a
vari ety of specific or hyperi mmune products,
several of wich are |isted here.

[Slide.]

Now, obvi ously, human pl asmas--the
starting material for human i mmune gl obulins--and
there's two classes of plasma recovered in source.

Recovered plasma is made by separating
pl asma in a donation of whole blood from ot her
conponents, where source plasnma involves the
process of renoving whol e bl ood and separating red
bl ood cells fromplasma. The red cells are then
returned to the donor and the plasma is retained
for use and further manufacture.

For the manufacture of hyperi mune
products, source plasma is often used. Plasm is
often collected fromthose who have antibodies as a
result of a prior inmunization, such as with
tetanus, or those who have anti body fromearlier
i nfection, such as with CW or RSV, and in the case
of Rh anti bodi es from Rh-negative wonmen who have

been exposed to Rh-positive pregnancies.
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Source material can also be obtained from
vacci nees in active imunization prograns. And
some exanpl es include peopl e vacci nated agai nst
rabi es for the manufacture of RIG nmen vaccinated
with the Rh antigen to make anti-Rho-D i mrune
gl obulin; HPV vacci nated people to make HVIG and,
of special interest is the SIP--or specia
i mruni zation prograns--for |aboratory workers who
have been a source to general vaccinia inmune
gl obul i n--al though I should point out for this
product volunteers and mlitary recruits were al so
a source of plasma. |In fact, nmlitary donors are
of utnost inportance for the generation of
pol ycl onal imune gl obulins that will be used in a
counter-terrorismsetting, since they are often
i mmuni zed prior to active duty in endenmi c and/or
hi gh-ri sk areas.

[Slide.]

Bef ore bl ood or plasma collection, there
are several general issues that need to be
addressed with a donor screening questionnaire.

And the exanples |'ve shown here were taken from
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t he new Uni f orm Donor Screeni ng Questionnaire that
was recently published on the FDA website. And the
link is shown on the bottom of the slide.

And | do want to point out that I'monly
showi ng a few exanples of the type of questions
that are asked of a donor. And these fall into
several general categories, such as genera
heal th-rel ated--"How are you feeling today?" on the
day of donation; those questions related to vira
ri sk, such as "Have you had a tattoo or piercing
within the |last year?"; and those nore
geographically related, such as "Tinme spent in the
UK," which is related to TSE exposure.

[Slide.]

Now, for the collection of plasma for
counter-terrorismproducts there are additiona
concerns that often arise in donors who are in the
mlitary or involved in special immunization
progranms. One of the biggest questions is whether
or not the donors have been i munized with |ive
vaccines to stinmulate specific imunity, and

whet her there is potential for virema at the tinme
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of plasma donation for the manufacture of the
product.

Al so, we need to be aware of whether | ND
vacci nes--either the vaccine given to elicit the
desired i mmune globulin, or other INDs that may be
adm ni stered around the tinme of plasma collection
and what is the donor deferral period for that
particul ar vaccine? And then FDA assesses these
situations on a case-by-case basis.

[Slide.]

In addition, the blood and plasma needs to
be tested, and there are a set of specific
requirements in the 29 CFR 610.40, which indicates
testing nust be done for H V1, 2, HBV, HCV, HTLV1
and 2, and also syphilis. |In addition to these
agents, the agency may al so reconmend bl ood and
bl ood conmponents to be testing for additiona
agents, depending on the source of the materia; for
exanpl e, West Nile virus.

[Slide.]

So, as | nentioned earlier, the

manuf act ure
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of immne globulins is a very conpl ex process.
And the story of IG@V really starts with the work
of Dr. Cohn and his colleagues at Harvard in the
early 1940s. The group devel oped numerous
fractionation nethods for the |arge-scale
separation of plasma into its conponents. And the
nmet hod that was favored involved the use of cold
al cohol, sub-zero tenperatures as a protein
precipitant. John Oncley in Cohn's lab furthered
this nmethod to isolate 1gG out of the plasm
fraction 2+3.

Cohn's nethod is shown here. And rather
than to delve into the specifics of the steps, |
just want to highlight the conplexity of the
manufacturing process. And the armthat's shown in
yellow is the part of the process that results in
the fractionation of inmmune globulins, and that
side of the process alone is quite conplex, and
al so has many vari ati ons.

[Slide.]

Now, to enphasize this conplexity even

nmore, the Cohn-Oncley nmethod is just one way to



isolate and purify i mrune gl obulins. The

Ki stler-N schmann nmethod is a nodified version of
Cohn's schene--shown on the blue side--and was
devel oped in the '60s as a sinplified nethod to
Cohn's nethod, which has fewer steps, but stil

mai ntai ns the basic ethanol precipitation

chem stry.

And, al so, columm chromat ography nethod,

i ncluding ion exchange, gel filtration and affinity

met hods--in the absence of al cohol--are al so used

to isolate i mmune gl obulins.

[Side.]

So, one of the npst inmportant parts, when

you're dealing with human plasma, is to ensure that

viral inactivation steps are done. There are
several nethods in the isolation process itself
that help to partition viruses. And these include
fractionation, precipitation steps, and col um
chromat ography. There are also intentional vira
cl earance steps which are enpl oyed, which involve
sol vent detergent treatnent, caprylate, heat

treatment, nanofiltration, and treatnent with | ow
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pH

Now, typically, FDA would recomend two
orthogonal steps to clear each type of virus--and
by "type of virus" | nean those that are envel oped
ver sus non-envel oped, sensitive or resistant to
different types of nethods.

Val i dati on studi es are done and nust show
cl earance of the actual virus when possible.
However, when that's not possible, nmodel viruses
can be used.

[Slide.]

As | nentioned, adverse events can occur
with these products. And this slide shows a |ist
of both common and unconmon--and someti mes
rare--adverse reactions that have been associ ated
with inmune globulins. And | just want to point
out that the nmost common are nmild to noderate
headache, fatigue, chills, backache, nausea,
| ow- grade fever.

And one thing that's interesting is sone
of these adverse reactions, over tinme, have been

linked to certain neasurable characteristics of the



products. And certain anaphyl actoid reactions have
happened, and have been associated with the
presence of aggregated i mmune gl obulin, because
this can cause an increase in Conplement activation
which is nmeasured by a test, ACA, a typica

| ot-rel ease test.

In addition, hypotensive reactions have
occurred, and this has been linked, in sone cases,
to the presence of pre-kalochrine activator--or
PKA- - and kal ochrine, which are conponents of the
contact activation system So, PKA is also a
common |l ot-release test that's performed on these
products.

Now, there's CFR-required |ot-rel ease
testing for human i mune gl obulins, and these can
be found in the 610s listed here. And |I'm not
going to go through them but do want to point out
t hat under 610.100, Subpart J, there are specific
requi renments for human i mune gl obulin that are
i ndi cated, such as source material, heat stability
and so on.

[Slide.]
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So, in addition to the CFR-required
| ot-rel ease testing, we often request other
paranmeters to be neasured, including tests for
nmol ecul ar distribution of the product into its
fragnents, nmonomers, dinmers and aggregates;
potency, if it's a hyperimune, and the other tests
shown here

[Slide.]

For imrune globulin, stability testing is
performed to ensure integrity, safety and potency
t hroughout the dating period of the product. An
exanpl e- - exanpl es of typical testing paraneters for
that stability protocol are shown here, as is a
typi cal testing schedule.

[Slide.]

So, as | nentioned at the beginning of ny
tal k, humans are just one source of inmune
gl obulin, and animal species are also used to
generate these types of products, with the nost
comon t oday bei ng horses, sheep and goats.

[Slide.]

So the considerations with ani nal -derived
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i mmune gl obulins are somewhat different that those
with humans. And, as nentioned, immunogenicity
i ssues can arise because of the i mune gl obulins
t henmsel ves, or trace inpurities that are anim
proteins found in the final product.

Because of this, there is sonetinmes a need
to test patients for hypersensitivity, as |
menti oned, and perform desensitization procedures.

"Il talk in a m nute about despeciation
and also like to point out again that zoonotic
i nfections agents are of concern.

[Slide.]

And | put a few slides related to anim
husbandry up here just because this is also an
i mportant part when you're dealing with aninmals for
the source of imune globulins. And | just wanted
to point out a few things. These are all |ocated
in the CFR 611 section.

For the | aboratory and bl eedi ng roons for
animals, they nust be kept free of flies and
verm n; and for animl quarters and stables, the

same. Food storage area shall be of appropriate



construction, fly-proofed, adequately |ighted and
ventilated, and maintained in a clean, vermn-free
and sanitary condition.

[Slide.]

The care of the animals need to be
addressed. Again, the animal quarters and cages
shall be kept sanitary, inspected daily; and
conpetent veterinary care needs to be provided as
needed.

There's a quarantine period for aninmals.
Ani mal s shall not be used in processing until they
are kept under the appropriate quarantine period of
time--here it states at |east seven days. And
horses and ot her animals susceptible to tetanus
need to be i Mmuni zed.

[Slide.]

Because these aninmals are going to be
i mruni zed agai nst the antigen of choice so that you
can devel op your product, there's a statenent that
i ndi cates toxins or other non-viable antigens
adnmi ni stered in the immunization of animals shal

be sterile, and viable antigens, when used, shal
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be free of contam nants.

There's issues about blood wi thdrawals.
And the CFR indicates that blood shall not be used
if it was drawn within five days of injecting an
animal with viable mcroorganisnms. And the bl ood
i ntended for use as a source for biological product
needs to be collected in a clean, sterile vessel
And if it's intended for use as an injectable, it
needs to be pyrogen free.

In addition, CBER needs to be notified if
there are certain diseases that are suspected or
determ ned to exist, such as foot and nouth di sease
and d anders, and the others listed here.

[Slide.]

So, as |'ve nmentioned a couple of tines
now, despeciation is one nmethod that can be used to
make the ani mal -derived product |ess inmunogeni c.
And so what |'m showing here is digesting with
pepsin, where you take an intact inmune globulin
and the result is an Fc fragnent and an Fab prine
2.

And so what you'd want to do during manufacturing



is isolate this fraction of the nolecule and renove
these fromthe final product.

In addition, you could also digest with
papain, and the result is 2 Fab nol ecul es.

And when optim zing these procedures, the
nost inportant things to consider are tine,
tenperature and the amount of enzynme in the
process.

[Slide.]

So, with ani mal -derived i nmune gl obulins
there's often been the need to test for
hypersensitivity using a skin test, and | ooking for
a weal and flare reaction. |I1t's often also--or
not "often"” but could al so be necessary to do
desensitization. And we have required this type of
testing for aninal-derived products in the past.

[Slide.]

So, standard lot-release testing for
ani mal -derived i nmmune gl obulins is shown here.

It's not identical, but simlar, to that for
humans.

[Slide.]
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And, again, stability testing is perforned
to ensure the safety, integrity and potency
t hroughout the dating period.

[Slide.]

So, as we know, there's potential hurdles
in the licensure, not just polyclonals, but all of
these products for counter-terrorism And efficacy
studi es cannot be perforned in the absence of
illness or prior to a bioterrorismevent. So,
alternative strategies need to be enpl oyed, which
typically include Phase 4 study conmitnents.

Clinical safety studies with hyperimune
gl obulin can be perforned, and are typically done
in normal volunteers, which allows for conmon
adverse events to be identified, and PK profiles to
be investigated.

[Slide.]

So, because of the unique nature of CT
products, current |licensure strategies enpl oy
mechani sns such as the Aninmal Rule--which will be
di scussed | ater today--or Accel erated Approva

designation, which is found in 21 CFR 601. 40
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t hrough 46.

In these cases, licensure is based on
surrogate markers for efficacy, but also cones with
the need for Phase 4 study commitnents to validate
the surrogate marker.

[Slide.]

So, just as a quick summary, |'d like to
concl ude by sayi ng pol yclonal antibodi es have the
advant age of having nultiple specificities against
the particular antigen--anthrax, in this case. And
a |large anount of plasma for the manufacture of
i mune gl obulins can be easily obtained, and there
are multiple sources, both human and ani mal

Plasma fractionation is a well-studied
process; has been enpl oyed for decades. However
it's inmportant to keep in mnd that transm ssible
agents are of utnost concern, and the manufacturing
process must ensure that the viral inactivation
steps are effective.

[Slide.]

So, | also just want to say thanks to the

folks in the lab of Plasma Derivatives in the
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Di vi sion of Hematol ogy: Doug Frazier, Dot Scott,
and Dov Col di ng.

Thanks.

[ Appl ause. ]

DR. FRUCHT: We're going to take a break
now and reconvene at 10: 15.

[OFf the record.]

DR. FRUCHT: | should just nmention that
Dr. Collier's slides aren't avail abl e today, but
they will be available on the WEB.

Also, if folks are | ooking for index
cards, there will be extra index cards in the
front, if you have witten questions.

Well, Dr. Collier really needs no
i ntroduction, especially to a group like this. But
I thought 1'd highlight a few of his nmany
acconpl i shrent s.

He's a pioneer in the field of diphtheria
toxi n research, an authored nunerous |andmark
publications in this field. Fortunately for our
field, he expanded his research investigations to

ot her bacterial species, including bacillus



anthracis. In large part due to the
acconpl i shmrents of his |aboratory, we now have a
much better understanding of the three-dinmensiona
interactions of anthrax toxin with its target
mol ecules in the cell. And this is the basis for
devel opi ng potential therapeutics.

Anmong his many other honors, Dr. Collier
is a nenber of the National Acadeny of Sciences.
He is currently the Maude and Lillian Pressley
Pr of essor of M crobiol ogy and Mol ecul ar Genetics at
Harvard Medi cal School

Dr. Collier.

Novel Inhibitors of Anthrax Toxin

DR. COLLIER: Thank you very mnuch, David.
It's really a pleasure to be here, and it's an
honor to be invited to participate in this neeting.

I thought what | would do this norning is
to expand on a couple of the inhibitors that Steve
Leppl a nentioned in his opening tal k--inhibitors of
the anthrax toxin that we've been involved wth.

So--let's see here.

[Slide.]
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So, just to rem nd you of the current
nodel of the way the anthrax toxin conmponents
interact, assenmble into the cell surface--assenble
into toxic conplexes at the cell surface--1 won't
go through this in detail, but I will tell you that
the two types of inhibitors I'mgoing to focus on
are, first of all, the dom nant negative inhibitor
which is a mutant form of the protective antigen
that acts to block the conversion of the heptaneric
pre-pore that's assenbl ed from PA63 of the cel
surface in the pore stage. And |I'Il detail that as
we go al ong.

And the second type of inhibitor is a
sol uble form of one of the two receptors that Steve
Leppl a nentioned: the CM& sol uble form created by
genetically truncating the nolecule and elimnating
t he transmenbrane conponent of that part of that
receptor, giving you a soluble formthat can bind
to PA

[Slide.]

So, the concept of the dom nant negative

inhibitor is detailed here further. The idea is if



you have a formof PA that itself is unable to go
to undergo the conversion fromthe pre-pore to the
pore stage, you can envision subsets of nutants of
that class that m ght be domi nantly negative, in
the sense that they would co-assenble with

wi | d-type PA during the normal assenbly process at
the cell surface. And then getting down all the
way here to the step of conversion of the pre-pore
to the pore would dominantly inhibit the ability of
the wild-type parts of that heptamer to undergo
that conversion, and therefore would bl ock the
entry of both EF and LF into the cytosol, and
therefore block all toxicity.

[Slide.]

So, the basic nmechani sm of pore
formation--the current nodel is illustrated here.
The pore-form ng domain of PAis Donmain 2, and
| --sorry--1 think a slide got left out here--Domain
2, that was, in any case, shown earlier, | think,
in Steve's talk.

And during the crystall ographic

determ nation of the structure of PA it was found
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that there was a | oop regi on up about hal fway al ong
the height of the Domain 2 that, first of all, was
not seen in the heptaneric structure--nor the
monomer, for that matter. The |oop seemed to have
properties that suggested it mght be able to form
an anptipathic beta barrel that would span the
menbrane in this fashion--sinilar to what had been
found by Eric Groh with the staphyl ococcal al pha
t oxi n.

[Slide.]

And so this | oop--according to the nodel,
then, this loop region, in order to formthe
transmenbr ane beta barrel would have to be
rel ocated down to the base of the heptaner, and
that would inply a major conformational change in
the pore-form ng domain--Domain 2. And the way
that is envisioned to happen is that Donain 2 is
built in the formof a Geek key nmotif--as
illustrated here--and one can inagi ne, then, that
if you stripped out these two flanking beta
strands--2-beta-2 and 2-beta-3--fromthe Domain 2,

that would allow the loop to be relocated down in
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this fashion.

[Slide.]

Now, one of the manifestations of the
conversion of the pre-pore to the pore is
illustrated here. 1In the pre-pore form if one
exposes the structure to the denaturing detergent
SDS, the subunits will fall apart into--or the
heptanmer will fall apart into individual subunits.
After pore formation occurs, the structure is
resistant to SDS, and hence on SDS pol yacrylamte
gel s one sees a very high nol ecul ar wei ght olicaner
here formed that we believe corresponds to the pore
form

[Slide.]

In the course of studies a few years back
a post-doctoral fellowin the |ab, Bret Sell man,
was performng directed mutagenesis over here on
the opposite side of Domain 2, fromthe
pore-form ng | oop, in these | oops here--and cane
across sone sites which nutation absolutely bl ocked
the activity of PA; and specifically blocked its

ability to convert fromthe pre-pore to the pore
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form Three of these sites are shown here: this
lysing 397, and this | oop--aspartic acid 425, and
phenyl al ani ne 427 in this | oop here.

It turned out that these two
mut ati ons--either of them-was dom nantly negative.

[Slide.]

The K397 nutations--mnutations of
K397- - bl ocked pore formation, but the nutations
t hensel ves were not doni nant.

We' ve made several conbinations of
t hese--of nutations at these sites, and settled on
early on, a conbination of D427K and K397D as bei ng
a doubl e mutant that had very high dom nant
negative activity. And that's sort of becone the
wor ki ng standard that we've carried forward

[Slide.]

Along the lines of--in the theme of in
vitro assays of this session, | just wanted to
mention that sort of our standard bread-and-butter
assay that we use is based upon--not upon using
either EF or LF per se as the effector nolecul e

but, rather, what we do, based in part on work that



was done in Steve Leppla's lab as well, is to take
the N term nal domain of LF--and that we cal

"LFN." Catalytic machinery is "Ctermnal." W
elimnate the catalytic machinery and replace it by
the catal ytic domain of diphtheria toxin. And, as
nost of you know, the catal ytic domain of

di phtheria toxin blocks protein synthesis in,
essentially, every cell that it gets into but 80
pure eboscylating EF2. And it gives us a very nice
effector nol ecule--at |east nice for investigative
purposes in the |laboratory. W call that
LFNDTA- - di phtheria toxin A, chain-linked to LFN

And we | ook for the inhibition of protein synthesis
as our standard bread-and-butter |aboratory assay
for translocation.

[Slide.]

So here is--this slide illustrates sonme of
the properties of the negative nutants at these
sites--at two of these sites. | nentioned the K397
and D425A. So we're |looking at the K397 and D425A
mut at i ons.

And we see here, in this slide, that the
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bi ndi ng of these nmutant fornms of PAto cells is
unaf fected by the nutations.

[Slide.]

The translocation, however, is drastically
affected. And here we're | ooking at an assay where
we assenbl ed the conpl exes at the cell surface
using a radio-labeled |igand--LFN radi o-I|abel ed
i gand--and then acidify the nmedi um and | ook at
transl ocation across the plasm nmenbrane, after
pyridically degrading anything that's left at the
cell surface. And so you can see that that step is
drastically affected here--in fact, it's
essentially conpletely dead, these nol ecul es are.

[Slide.]

Thi s panel shows that the |igamerization
occurs normally, fostered by LFN, to conpete off
PA20 from nicked PA. And the central panel here
shows the effect on LFENDTA, inhibition of protein
synthesis. This is wild-type PA and these are the
two nutants. So either of these two nutations, then
has strong effects on transl ocation, specifically.

[Slide.]
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This is just--again, along the |lines of
illustrating sone of the assays that we used for
cell perneabilization by PA, the conversion of the
pre-pore to the pore, we load cells with
radi oactive rubidium and then | ook at the rel ease
of that into the medi um upon acidification of the
medi um

[Slide.]

And here's the illustration of the assay |
just descried on using a radio-|abeled |igand at
the cell surface, |ooking at translocation across
the plasma nenbrane in response to | ow PA

[Slide.]

This is an assay show ng the dom nant
negati ve character of the double nmutant here, in
conparison with a non-cleavable PA mutant that is a
much weaker inhibitor of toxin action. So what
we' ve done here is to set up a combi nati on of
w | d-type PA and LFNDTA that would inhibit protein
synthesi s about 90 percent, and then titrate into
that m xture the double nutant, or this

non-cl eavabl e nut ant.
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And as you can see here, by the tinme you
get to a one-to-one ratio of the double to the
wi | d-type PA you've al nbst conpletely inhibited
toxi n action; whereas, the non-cl eavabl e nutant,
which will conpete for the receptor, and inhibit
toxin in that way, it's an extrenely weak
i nhi bitor.

[Slide.]

We' ve gone through--scanned through--the
entire PA63 nmol ecule in collaboration with Rod
Tweeten and Jinmy Ballard, |ooking for other sites
where nutation would create a defective PA.  And we
found a nunber of sites heavily concentrated in
Domai n 2, and the dom nant negative ones--those
that we found--we found a few nore of those,
besi des the ones in this | oop that are distributed
in these two beta strands here.

How do the domi nant negative mutants work?

[Slide.]

Wel |, these sites where the residues are
nmutated are in that pre-pore they're sol vated.

They're not in contact with any other part of the



PA63. But they've obviously got to be recognized
at sone point. And we think that what's happening
is that if we envision these sites as conposi ng one
site that may be recogni zed by another site in
PA63, and that we can envision sonme sort of a
rotational nodel here where sites 1 and 2 in the
pre-pore are not in contact with each other, but in
response to pH, would conme in contact--perhaps site
1 of one subunit with site 2 of the next--and that
a donmi nant negative nutation would sinply interrupt
that link. And this has got to be a highly
concerted process, the conversion of the pre-pore
to the pore. And if all seven subunits do not work
in concert, the whole thing won't work.

So, that's the basis--that's our current
t hi nki ng, then of the way this whole thing works.

[Slide.]

Then the original studies on the Fischer
334 rat that we did a few years back. W conbi ned
40 ncg of PA and 8 ncg of LF and the animal becane
nori bund in about 90 mnutes. And if you add as

little as 10 ncg of either the double nutant or the
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F427A mutant, the animals showed no synptons and
survive indefinitely.

[Slide.]

Recently--so |'ve done no nore in ani ma
wor k beyond this, but the conpany that's |icensed
thi s technol ogy--Phar mat hene--has conducted a
spore-chal | enge nodel recently in rabbits that has
given interesting results and favorable results to
t he whol e t hi ng.

And these are groups of six rabbits that
were injected either with a high dose or a | ow dose
and chall enged with a whoppi ng dose of spore--sone
7,000 times the LF50. And as you can see here,
wi th the high dose, then the animls--five our of
six animals survived--well--indefinitely, through
day 85 here.

If there are any questions regardi ng these
data I'Il refer you to Sol Layermand, who's in the
audi ence.

So the dom nant negative inhibitors them
in summary, conmbine with wild-type PA and

dominantly inhibit pore formation and
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transl ocation. We think that as little as one
dom nant negative PA npolecule can inactivate, then,
up to six nmolecules of wild-type PA, plus up to
three nol ecul es of LF and/or EF that are bound in
t hat conpl ex.

Interestingly, DNA--the dom nant negative
PA retains i munogenicity. W haven't seen any
dimnution in imunogenicity in the tests that
we' ve done so far. And so potentially, therefore,

t he dom nant negative PA represents a
conbi nation--potentially--of a therapeutic
antitoxin and a vaccine in one nol ecul e.

[Slide.]

["mstill struck by the fact that you can
take a single nutation, or double nmutation, and
convert a toxin subunit into a potential inhibitor
of toxin action, and potentially, a vaccine. There
are many |igameric pore-formng toxins that
assenble at the cell surface, or outside cells.

And so potentially, this approach is generalizable
to some other systens.

[Slide.]
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Ckay, finally, in the last five mnutes |
want to go one and tell you about one of the
cellular receptors for PA. As Steve nentioned,
there are two of them known: ATR artemate, and
CM=2. And these are both single-pass menbrane
proteins that have a von WI | ebrand A donmain; about
60 percent identity between the two exanpl es here.
And they both have a MDAS notif, which is a nmeta
i on- dependent adhesion site. That turns out to be
inportant in the interaction with PA

[Slide.]

Recently, Borden Lacy in my |aboratory has
deternmined the crystallographic structure of the
extracel lular von WI I ebrand domain of CM&, which
is illustrated here. | won't go into detail except
to tell you that the MDAS notif is up here, and
there's a magnesium atomright there that we
believe interacts with an aspartic acid in Domain 4
of PAto formpart of the binding affinity.

The affinity is tight. The CMX--sol uble
CMZ2 binds in a one-to-one ratio with nonomeric PA,

and a seven-to-one ratio with the heptamer. So
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there appears to be no stearic inhibition to the
interaction of the CM3®2 with each of the nononers
of PA--heptaneric PA.

[Slide.]

So, this summarizes what we know about the
interaction. PA binds one CM® von W Il ebrand A
domain at saturation. That's an AD nolecule. The
pre-pore binds seven at saturation--incredibly high
affinity. KD is sub-nanomolar. |It's roughly 200
pi conol ar. Whopping high affinity. The off
rate--the rate of dissociation of the conplex once
it's formed is also extrenmely slow-on the order of
a day. So once this CM& |atches onto PA,
basically you've locked it up for a very long tinme.
So therefore it's a potential inhibitor of toxin
action, in fact it has been shown to be so in in
vitro systens.

[Slide.]

So, finally, I just thought I would
mention a few other potential approaches in
i nhibiting anthrax toxin action. But these,

basi cally, have all been nmentioned and di scussed in
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greater detail. Steve nentioned the polyval ent
i nhibitors that we were involved in devel opi ng, and
that work is being carried forward by a forner
post-doc in ny |ab, Jereny Mogridge. W' re not
wor ki ng on this anynore.

One thing that's not, | think, wdely
known is a project that's going on in collaboration
wi th John Young--and, by the way, the CMX, |
shoul d have nentioned--CM& was cloned in John
Young's |l ab, and the ATR al so was cloned in John
Young's | ab; the CMX by Heat her Scobey. And we've
been working col |l aboratively with John Young and
hi s people for many years now.

And as an extension of that collaboration,
we're involved in an N Al D-sponsored program
project that's headed by Maryann Manchester, and
i nvol vi ng John Young and Jack Johnson and a nunber
of other people in southern California. And the
idea is to take certain viruses--a plant viruses,
Kal pi mposaic virus and an insect virus, flockhouse
virus--very well characterized small viruses, and

substitute certain peptides or even domains on the



capsid protein--one of the capsid proteins of these
viruses, and perhaps creating what we cal

"nmol ecul ar sponges"” with bioactive peptides that

m ght, for exanple, attach to PA and suck it out of
the serum or various other ways that one can
envision that this technology mght be applied to
ant hrax and many ot her infectious di seases.

[Slide.]

And then, finally, Steve Leppla already
mentioned this--the hexa-Darginine--and there are
i nhibitors of LF action that have been devel oped by
Ben Turk and Lou Cantley's lab. And others--and
there are a nunber of others, as well, that have
come out--active site inhibitors of EF and LF that
Steve already nmentioned. And the one that's being
devel oped at Merck by Jeff Hernes and his
col | eagues is al so very exciting.

[Slide.]

So, finally, 1I'll conclude--and these are
the people that have worked on anthrax toxin in ny
| ab over the years. And | want to highlight the

efforts of Bret Sellman, who isolated the first
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dom nant negative nutations, and M chael Mburez,
who worked with himand has done--did the
pol yval ent inhibitor work, also; and Borden Lacy,
who's done the crystallography in ny lab. A nunber
of other people have contributed to this: Jil
M I ne identified the heptanmeric form of the PA
And then a lot of this work is essentially--al nost
all the work | do is collaborative, because | |ove
to work with lots of other people. And Bob
Li ddi ngton did the original crystallography on PA
and also on LF--and | won't take that further

[Slide.]

And then finally, grant support: all nmny
wor k has been supported by NIAID, basically. And
I"'mgrateful to themfor this. And, finally, I'ma
co-founder of the conpany, Pharmathene. It's
devel oped to--it was founded to devel op the
dom nant negative inhibitor. And in case any of
you are wondering, | don't want you to think that
this conmpany was forned and in response to the
anthrax attack. It was actually fornmed in April of

2001 to try to develop, as | said, the doni nant



negative inhibitors. And that work is ongoing in
t he conpany.

Thank you very much.

[ Appl ause. ]

DR. FRUCHT: Thanks very much, Dr.
Collier.

I'"d like to invite the panelists to cone
up and take their places please.

[ Pause. ]

Panel Di scussion

DR. FRUCHT: First, 1'd like to introduce
some of the folks on the panel that weren't
speakers and haven't been introduced yet: Dr.
Keith Webber, Director, Division of Mnoclona
Anti bodi es, and Acting Director of the Ofice of
Bi ot echnol ogy Products, CDER, FDA; and Dr. Shuka
Bal a, | ead microbiologists, Ofice of Drug
Eval uati on 4, CDER, FDA

And in the nmeantime, if people have
guestions that they've witten down, we're
collecting themnow. O if you'd like to give your

question orally, we have m crophones as wel |
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I guess I'mgoing to start off the pane
with a question, and I'll send it to Keith Webber.

W' ve tal ked a | ot about in vitro potency
assays today. What is the FDA' s expectations for
the characteristics of potency assays, and what
woul d you consider to be inportant m | estones to
reach during assay qualification--regardi ng assay
qualification and validation as the product
progresses through devel oprment ?

DR WEBBER: | think that's a great
guestion, but | would have to say it depends, to a
| arge extent, on what the actual therapeutic
product is that is going to be used.

General ly, though, | think assays are
devel oped early on in product devel opnent--usually
with some idea of what the proposed nechani sm-or
potential mechanism of action is for the product;
how it's going to work to conbat anthrax. And so
that's one of the main critical elenments is that
your potency assay should be relevant to what your
potential mechanism of action is. Oftentines you

may not know exactly what the mechanismis in
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reality, but it should be relevant to that.

Oftentines people work with a cell-based
assay which may or may not be
as--ahh--wel | -behaved, let's say, as a binding
assay. There's certainly nothing wong with having
two or nore assays to evaluate your product, from
the different aspects. So, relevance is one of the
main critical areas.

Your assay, early on, should be reliable.
What does "reliable" nean? GCenerally, you want to
have an assay that--say, beginning in pre-clinica
in Phase 1, it doesn't have to be fully validated,
by any neans, because that takes a great deal of
wor k. But you shoul d have confidence in your assay
that it is giving reproducible results in the hands
of the people running it. It should be sensitive
to the therapeutic levels of the product that
you're planning to use in the clinic or in your
ani mal studies, so that you know that if it's--that
the assay isn't giving you erroneous results, in
that if you're assaying at a very | ow -say

acet al dehyde--toxin concentration, or protective
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antigen concentration, that it gives you great
results, but actually what you would see in vivo is
conpletely different and woul d not be particularly
rel evant to the clinical

As you'd get further and further into
clinical devel opnent, noving to Phase 2 and Phase
3, and on toward--hopefully--1licensure approval,
one wants to gain a higher level of validation of
that assay, and determne its robustness in the
hands of multiple analysts at different
| aboratories if necessary; and that if there are
specific reagents that you're using--particularly,
for example, a cell line or another protein that is
part of that assay, that you have a reliable and
reproduci bl e source of those reagents, as well

DR. FRUCHT: There's a witten question
for Dr. Quinn.

DR. QUINN: Okay. This question was from
Martha W I de of Alexion. And he [sic] asks that:
"Anti body concentrations nmay vary relative to each
ot her when using different quantitative assays such

as OD, Virad or BCl-type assays. How do we
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determ ne quantity for purposes of conparison with
di fferent antibodies?"

Currently what we do, we take the nass
val ues as provided by I RAD or BCA, and we would
take an agreenment between the different assays--in
terms of total protein and purified product.

In terns of assigning functional units to
this, what we're planning to do is to define and
apply specific activity determ nati ons which wll
relate--for exanple--potency in vitro and,
hopefully, in vivo to those mass val ues.

The connection between the nmass val ue and
specific activity in vitro and in vivo provides the
essential link, I think

| believe that--does that answer the
qguestion, Martha W/ der?

[ No audi bl e response. ]

DR. FRUCHT: | think there's a question
fromthe audi ence here.

DR. DRESCH: Yes, Stephen Dresch, Forensic
Intelligence.

I'"l'l ask the question here, because ny
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handwriting is so illegible.

In any event, the question is primarily
director to Dr. Leppla, but | believe Dr. Collier
m ght respond to it, as well. 1'd hoped that Dr.
Leppl a woul d al so be on the panel

Ant hrax strains differ significantly
i n--anong ot her dinmensions--their lethality. Do we
know what expl ai ns those differences? |s that the
efficiency of toxin production? The conposition of
the toxin produced by the various strains? And
what are the inplications of these differences for
the devel opnment of toxin-targeting therapies?

DR. COLLIER: | don't know that | can say
anyt hing really neani ngful about that, except that
it's probably not the conposition of the toxin.

The toxins--there's very little variation in PA
for exanple, in strains. So that's probably not
t he case.

The rest--1 don't think I can give you a
really good answer. Maybe Steve can.

Do you want to conme up, Steve?

DR. QUINN: Thanks, Steve.
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[ Laught er.]

DR. QU NN. | would agree, John--1 think
Steve woul d agree--that from what we know about the
toxi n and toxin-conplex formation that the
di fferences between the virulence of these strains
probably does not reside there.

| think it's safe to say--and pl ease
correct me if I'mwong--but fromthe sequencing of
t he genonmes of these various bacillus anthracis,
and al so bacillus cereus isolates, we know that
there are a range of other potential virulence
factors in the genonme. And it is possible that the
in vivo transcription-translation of those gene
products enhances the virul ence of the different
strains, but right nowit would be speculating to
go any further than that.

DR. FRUCHT: Wbuld you like to follow up
on that, Dr. Leppla?

DR LEPPLA: [Of mke.] [lnaudible.]

DR. FRUCHT: Great. Thanks.

There's a witten question for Dr.

collier.
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DR. COLLIER: It doesn't--there's no
i ndi cati on of who wote this question, but--"The
expression of PA, LF and EF in wild-type B.
anthracis is known to be regulated at the |evel of
transcription by ATX-a. [Is anything known about
the upstream regi ons of these genes and how
positive transacting regulator affects
upregul ation? |s anyone working on a therapeutic
agai nst anti-regul ati on approach?”

Um -wel |, certainly people are working on
the nechani sm of transacting regulation. | don't
know that | know the latest on this, but Theresa
Kohl er at the University of Texas in Houston is
actively working on this sort of thing. And
M chel l e Mock, at the Pasteur Institute. And
have no i dea whether anybody's working on a
t herapeutic anti-regul ator approach. | would
suspect so, but | don't know.

DR FRUCHT: Jenny was asked a question as
well, during the break. She just notified me. And
she's going to deal with that questi on now

DR. RI EMENSCHNEIDER: Hi. Dr. Donlan from
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HHS asked ne a pretty interesting question during
that break and asked me to address it here.

And that was--just to bring up the point
that there are transgenic animals that are being
devel oped to express human anti bodi es--pol ycl ona
products. And we haven't had these products in the
Office of Blood in the past, and so how we're going
to handl e these issues that arise, it's going to be
an interesting story, | think.

But just from thinking about it, I don't
see that there's going to be any differences with
ani mal husbandry that need to be addressed
specifically, unless they find that these aninals
are susceptible to particular types of diseases
that we're not used to seeing. But, in terns of
the product itself, it should be purified in a very
simlar way to human anti bodi es or ani mal
anti bodies fromplasm that we're used to dealing
with.

The one issue that we will have to address
is the fact that these antibodies may not be fully

humani zed, or human, and they may still be



partially of the animal of origin. So if you want

to call that a "contam nant," there nmay be that
type of contaminant in the product. And whether or
not there would be an immune reaction in the
patients to that, we will have to address that at
the tinme that those products cone into the office.

Thanks.

DR. FRUCHT: It seens |like we have a very
shy audi ence today--unless this gentleman is coning
up to ask a question.

Yes.

DR. HERMES: Jeff Hernes, from Merck

| just wanted to ask John in the
rabbit--the nice data you showed in the rabbit
protection experinent, when was the doni nant
negati ve inhi bitor dosed, relative to spore
chal | enge?

DR COLLIER:  You know, 1I--

DR. HERMES: How |long after?

DR. COLLIER: --l1'mgoing to--1'm
sorry--defer; push all these questions off onto

ot her people. But |I'mgoing to ask you to talk to
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Sol Langermanns, because | was warned about doi ng
pronoti onal things.

So, if you'd contact him about that, on
the details of that study.

I was not involved in that study directly.

DR. HERMES: GCkay. |'Il find him

DR. FRUCHT: | have a question--and,
actually, folks in the audi ence could answer this,
as well. I'mgoing to direct it towards Dr. Quinn

The currently avail abl e assays for anthrax
| ethal toxins depend on the effects of the toxin on
Bal b-C cells. And it's not clear if the effects
that we see on Balb-C cells are the sanme effects
that occur in humans, or even other npuse strains
or in humans.

Do you think we have work to do on
devel opnent of nore informative bioassays? And, if
so, have you heard of new assays bei ng devel oped
that mi ght be nore predictive of their function in
humans in vivo?

DR. QUINN. Actually, | think there were

several questions hidden in there.
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DR, FRUCHT: Sorry about that.

DR. QU NN |Is there work to do? Yes,
definitely. | think the inportant thing to do--the
i mportant focus in on function, and |inking
function in whatever in vitro assay we decide to
i mpl enent or validate in our |aboratories with
function in vivo; adm nistered pre-challenge at the
same tinme as chall enge; and, nost inportantly, as
the infection develops. So, yes, there is nore
work to be done.

The assays we use currently are based on
nonocyte macrophage cell lines. W know that there
are many cell lines that are not sensitive to the
toxin. W know that from certain species--primry
m crophages are not particularly sensitive to the
toxin. So it really is--the current assays are
really surrogate markers for protection--blood
function. And, in that case, they do have direct
value. But the link is between the in vitro and
the in vivo.

Am | aware of other assays that are out

there? Yes, we are. There's some very el egant



assays being devel oped that | ook at the adenyl ate
cyclase internalization; adenylate cycl ase
function. But, again, they all focus--the assays
that 1'maware of, they all focus on the key steps
of receptor binding, complex formation,
internalization and transl ocation.

DR. FRUCHT: Thank you.

I'"m surprised we haven't heard any
guestions about imunogenicity, because that's
al ways a topic that cones up with [ arge nol ecul es.
So | had a question | was going to send towards
Keith Webber.

VWhat does the FDA expect regardi ng assay
qualification and validation of inmunogenicity
assays as product goes through devel opment ?

DR. WEBBER: The i munogenicity is
generally a concern for nobst biotech
products--proteins. | think for products such as
these, one would need to include, | think, an
i mmunogenicity evaluation in the clinical studies.
And with regard to focusing primarily on both any

potential for an adverse event due to
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i munogeni city, also neutralization issues--those
wi || probably not be as big a concern, | would
think, in sone of these therapi es perhaps because,
one, for the ones that are acute treatnments, you
may not be as concerned about neutralization
because you would want--or you would certainly
hope--that your product would have its effect
before a specific inmune response could be nounted.

DR. FRUCHT: Thank you.

Question fromthe audience, on the |eft
her e?

DR. BAKER  Yes, Phil Baker, from NI AlD.

Woul d any of you on the panel, or perhaps
someone in the audience, care to comrent on the
di fferences between children and adults in their
susceptibility to anthrax toxins, or to the disease
in general ?

DR. FRUCHT: W mi ght have to defer to one
of the clinical folks here. Wuld sonmeone with
clinical experience |like to conment on that
question?

[ Pause. ]
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Perhaps--is Dr. Stephens avail abl e?

[ Pause. ]

Okay. Well, we'll try to get back to you
on the answer to that question. It seenms to ne
that that's a clinical question that could be
addressed by Dr. Stephens; perhaps by someone that
cared for patients could get a feel for that.

Question on the right side?

DR. FRAZIER: Doug Frazier, FDA, CBER

Regardi ng anthrax antitoxin--it's kind of
a stopgap nmeasure. You, you know, put whatever
your inmunogen is into aninmals, and it's not as
sophi sticated as some of these other nethods, but
it's quick. And you can use toxins, maybe, that
you woul dn't want to use in human donors and so
forth.

But what has been used is a Stearns
strain, which |acks the poly-D-glutamc acid
capsul e--so you get antitoxins--anti-PA, LF
etcetera. Does anyone have any idea: would there
be any increnental additional benefit to maybe

havi ng a separate animal herd immnized with a
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strain that |acks the sol uble toxins, but does have
the capsule? |If you had sone additiona
anti-poly-D-glutamic acid in your antitoxin, mght
you get additional clinical benefit? It would be
nore conplicated, because you'd need a separate
assay for that conmponent, unless you used like
a--just a lethality chall enge.

But does anyone have any idea, would that
be worth attenpting to do--or not?

[ Pause. ]

If not, we could do the experinent--

DR. FRUCHT: That seens like it's nore of
an ani mal - rodel question, and it's going to be a
separate topic comng up. And I don't know if
we're qualified--1"mnot qualified to answer that,
and the folks that will--well, we wouldn't want to
steal their thunder, anyway. They should be coning
up next. W're mainly dealing with bioassay issues
here, and product devel opnent.

I"'msorry, but we'll be able to answer
your question in the next session--or the second

section after that.
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Question here fromthe audi ence?

DR. GURELIC: Yes, Ken Gurelic, from
Enzybi oti cs.

I was intrigued by the conments about DNI
that it my be acting both directly as an antitoxin
and as a vaccine. And |I'minterested in what kind
of eval uation would be reviewed by the FDA to
support that kind of a claimstructure in the
devel opnent phase?

DR FRUCHT: |I'm going to send that
towar ds Keith Webber.

DR. WEBBER: Wth the evaluation--1 think
woul d have to--from a potency perspective,
certainly one would want to have assessnents that
woul d focus on both of those aspects of the
product, if those are proposed nechani sms of
action.

Wthin the clinical trials--1 don't want
to expand too nmuch on that--but certainly one would
want to evaluate both a survival, but you nay want
also to look at the i mune response to that

product, if that was considered to be part of the
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mechani sm of action. You would want, certainly, to
consider the followup tinme of taking sanples from
your patients in that regard to evaluate the--but,
I'"mnot probably the right person to address the
vacci ne
i ssues, since our office really doesn't have any of
t he i munogens anynore.

DR. FRUCHT: Dr. Quinn has told me that he
can shed sone light on one of the questions that we
deferred previously.

DR. QU NN. This cones back to the
guestion about the anti-capsule antibodies. Early
wor k indicated that the capsule materials is not
particularly antigenic, in that it didn't generate
good anti body responses. Subsequent work to that
i ndicated that the Pasteur-type strains, which are
non-toxi n produci ng but capsul ati ng, when used as
vegetative cell or spore vaccines, were not
protected. But |I think there--1'"mnot sure if
those experinments denonstrated that capsul e was
actually produced in vivo in those aninmals, and

whet her or not they contributed to protection, or



the absence of it.

As Steve Leppla alluded to this norning,
some work by John Robbins' group, and sonme work
done in mouse nodel s have indicated that
anti-capsi um anti bodi es can contribute to
protection. There is a slight caveat there, in
that the nouse nodel is particularly susceptible to
capsular materials or bacillus anthracis variants
that are capsulating and non-toxigenic. So it may
be a slightly skewed nodel .

But | think the bottomline is that any
response to the virulence factors of bacillus
anthracis that can be shown to be protective does
have value. There's another slight caveat that,
believe in the md-'90s, a Japanese group showed
that the capsul e degradati on genes produced a | ow
nmol ecul ar wei ght nmaterial which may actually act as
an anti body decoy. But the relevance of that to
infection, | don't believe is clearly elucidated.

But | think, again, the bottomline is any
anti body or cellular response to a known virul ence

factor is worth investigating.
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DR FRUCHT: There's a question fromthe
audi ence.

DR. TAYLOR: Hi, ny nanme is Kathy Tayl or
I"'mat NIAID. And ny question is for Jenny.

It has to do with the use of Fab-prine 2
and Fab fragnments--and nmaybe whol e | gG nol ecul es as
well. We've heard that the affinity constants for
you know, some of the things that we want to
inhibit for their natural receptors is in the
sub- nanonol ar range, with very |ow off-rates.

So how does that affect what our target
anti bodi es need to bind with? And what's known
about the half-life of the antibody-antigen
conpl exes. And | guess ny concern, is if you
have--you know, how do you conpete with those
natural receptors if you have anti body-antigen
that's circulating for a long period of tinme, and
not being cl eared because there aren't any Fc
receptors, and it's then being conpeted for by its
natural receptor?

DR. RI EMENSCHNEI DER: |'m not sure | can

answer your question, Kathy.



You know, with the half-life of an Fab
fragnment is nmuch shorter than that of Fab-prine 2,
and that's nuch shorter than the intact nolecule
itself. | get the sense that that wasn't exactly
what you were alluding to in your question

| think perhaps the best thing to do is
just talk after--during lunchtinme--and see if we

can flesh that out.

DR. FRUCHT: There's another question from

audi ence over here.

DR. DAIQUITZ: This is Claire Daiquitz
from CDC.

I just wanted to make a coment about
the--or maybe take a stab at responding to the
guestion about kids, and how ant hrax behaves in
kids. In my previous life | was a pediatrician, so
this is of particular concern to ne as |'ve been
wor ki ng at anthrax at CDC.

There are not a lot of data. 1In the
historical literature on anthrax disease, there are
some case reports of children as young as 10 and 11

acquiring what is described as primarily cutaneous
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anthrax. These are kids who were working in the
mlls. And there are no data on disease in
children, really, below that age; bel ow the age of
children who were working at that tine.

And | think the youngest case that |I'm
aware of is the eight-nonth-old baby who was part
of the 2001 cohort. And that started as a
cutaneous infection. He developed a |ot of edens,
and then was sent to the ICU for further care.

So--not a | ot of data.

DR. FRUCHT: Well, Thank you very much for
that information.

Anot her question?

DR GURWTZ: |I'm Mark Gurwitz from
Vaxgen.

Pol ycl onal anti bodi es probably aren't as
i mportant to anthrax as maybe it is to sonme other
di sease. But | just wondered if soneone could
comrent on kind of the manufacturing quality issues
in cell-based production of polyclonal
nmonocl onal s--either putting a bunch of nonocl onal s

toget her, or just nmaking polyclonals directly?



DR FRUCHT: That woul d be regul at ed
through two different centers. So | can divide the
weal th here.

Keith, | guess you can tal k about
nonocl onal cocktails?

DR. WEBBER: Yes, the nonocl onal cockt ai
is one--1 nmean, there have been proposal s that
we' ve heard with, you know, either meking
nmonocl onal s separately, and then comnbi ning them or
having a m xture of cells that are producing a
m xture of nonoclonal s--essentially a polyclona
m xture, but nore defined.

The former is probably easier to control
froma manufacturing standpoi nt, because you can
m x and match your products at your will. Wth a
cellular m xture that's producing a polyclona
m xture of nonoclonals, let's say, one will need to
eval uate the consistency of that production that
you're getting the same m xture lot-to-lot, and
you' Il have to have systens in place to do that.

In either case, you're working wth what

woul d be probably considered a type of a
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conbi nati on product, or m xture of products, and
dependi ng upon the products you have, there may be
need to evaluate, or justify why each of those
conmponents is part of your product. But that's
separate fromthe manufacturing i ssues, per se.

DR. FRUCHT: Do you have anything you'd
like to add to that, Jenny--regardi ng polyclonal s?
DR. RI EMENSCHNEI DER: Just to say that al
of the polyclonals that we regulate in blood are
pl asma-derived. And the manufacturing, | covered
innmy talk. And | think what the gentleman was
asking was for the conparison to the cell-based
derived products.
DR. FRUCHT: A question here on the left?
DR. WOROBEC: Yes, this is Alexandra
Wor obec, FDA, CDER
I just wanted to, again, address the issue
of disease susceptibility in pediatric popul ation
Based on what |'ve read on the
Sverdl ovsk--the attack or, rather, the expl osion of
the anthrax spores in Russia, | think the youngest

person that had succunmbed to anthrax was 24 years
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old. And the age was usually in the 40s and 50s.
Now we don't know-1 don't know of f hand how nany
chil dren woul d have been exposed.

But there was a sense that children were
| ess susceptible. And there was also a suggestion
in animal studies, that pediatric animals are |ess
susceptible. So that is sonething that is--when we
design these studies--and we'll probably be talking
about that in the next session--sonething we do
take into account: the age of the aninmals.

DR. FRUCHT: One |ast question.

DR. HERMES: Jeff Hermes, Merck

It's known that there's different species
sensitivity to lethal-toxin. And this is a
qguestion for the panel, or Steve Leppla, or anybody
in the room

Is there any in vitro assay that's
predictive with cells fromthose animals, as to the
different sensitivity to lethal-toxin? 1In other
words, if you had sonmething like a Lewis rat that's
very sensitive, or a rabbit that's very sensitive,

and then you have a species that's |ess sensitive,
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is the particular cell type involved?

DR. FRUCHT: Conrad, would you like to
start off with that one?

DR. QUNN | think I'lIl defer. [1'Il take
ny choice to defer. Louise, would you care to
answer that? You have extensive experience with
di fferent species.

I nean, there is a question here of the
rel ati onship between sensitivity to intoxication
and sensitivity to infection. And they are
di fferent things.

DR. HERMES: Right, and--

DR. QU NN. And it's my understanding that
rats, for exanple, are very sensitive to
i ntoxication but less sensitive to infection

But | think Louise is one of the aninal
group experts.

DR. PITT: [Of mke.] [Inaudible.]

I believe you were tal king about ani nal
nodel s for intoxication--

DR. HERMES: Ri ght.

DR. PITT: --versus disease. And | think
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we'll talk a little bit about that this afternoon.

But in terns of the literature, the
suggestion is that aninmals that are resistant to
toxin are extrenmely susceptible to infection, and
vice versa. And then, across different strains,
wi t hin each species you get the whole sort of
spectrum as wel | .

So, I'mnot quite sure what you're exactly
| ooki ng for.

DR. HERMES: Well, what | was | ooking for
was if there's different sensitivities in vivo to
toxem a; just injecting toxin. Do you have to do
those experinents at the |l evel of whole aninmal, or
is there a predictive cellular assay with cel
types fromthose animals that would reflect that
different sensitivity?

DR. PITT: Umm-1 would cone fromthe side
of saying | don't know why you would do an
i ntoxication in a whole ani mal when you're trying
to protect against the disease, rather than the
i nt oxi cation.

DR. HERMES: Thank you.
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DR QUINN: It's generally accepted that
protecting against the toxin is a major advance
toward protecting against the di sease, because we
do not believe there is disease in the absence of
t oxi n.

There are also indications that |ow | evels
of toxin can suppress the i mune system-the
initial immune response, or primng the imune
systemto subsequent infection

Is there a cell assay that's predictive of
species sensitivity? | don't believe so. But |
think the macrophage |ysis assays are certainly
predictive of function of a product--its ability to
inhibit or interact with the toxin. So it's
predictive to sone extent.

DR. FRUCHT: |I'mgoing to go ahead and
concl ude the discussion panel. Thank you very
much, panelists, and thank you audi ence nenbers for
your hel pful comrents.

[ Appl ause. ]

Part 11l - Animal Studies

DR. WOROBEC: Good norning. W' re going
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to noving fromthe in vitro nowto in vivo--the
hotly debated topic of ani mal nodels.

My nanme is Dr. Al exandra Worobec, and |I'm
a nmedical officer in O6 of CDER at the FDA. And
I've been in a review of these products, really,
fromthe very beginning. And we do have a | ot of
them comi ng down the pike.

So | think we are going to have a very
i nteresting discussion on a nunber of very
conplicated and actually quite controversia
t opi cs.

Before we start, though, | do need to nmke
an announcenment. W're going to have to nake a
little change in the schedule, and we will be
taking lunch at 12 noon instead of 12:25, and we
wWill resume at 12:45 with Dr. Julie Lovchik's
presentation, followed by Dr. Louise Pitt, and then
Roy Barnewal |, and then we'll have our pane
di scussion after lunch

So, turning back to what we will be
tal ki ng about today, really our goals are going to

be to tal k about the application of the Anim



Rule, and trying to identify the nost rel evant

ani mal nodels for evaluating therapeutics agai nst
ant hrax; and how do we address optinmal study
design, especially given the caveats of different

cl asses of agents that are now being devel oped?
And, al so, perhaps touch upon safety issues that we
al so mght need to consider in our ani mal studies.
After al, for full licensure we do need to | ook at
ot her aspects besides proof of concept.

So we'll be trying to go through all of
t hat today.

Now, 1'd like to start with our first
speaker, Dr. Lewis Schrager. Dr. Schrager truly is
an expert on a lot of these issues, in terms of the
application of the Aninmal Rule to the new
t her api es.

He is the Lead Medical Officer in the
Di vi sion of Counterterrorismw thin the Center for
Drug Eval uati on and Research. He currently
oversees a research portfolio that includes support
for studies of antibiotic efficacy agai nst

pneunmoni ¢ plague in African green nonkey nodel
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studi es of gentam cin efficacy against naturally
occurring human plague; and the devel opnent of
orally avail abl e drugs agai nst snal | pox.
Furthernore, he has played a leading role in
devel opi ng a national system for outcones and
adverse events surveillance following a terrorist
event, in close collaboration with the CDC

W thout further ado, | welconme Dr.
Schr ager.

The Animal Rule Applied: Pyridostigmne for
Nerve Gas Exposure and Gentamcin for Plague

DR. SCHRAGER: Thank you, Al exandra.

We in the Division of Counterterrorism at
CDER, FDA, have becone quite famliar with the
Ani mal Rule, not only because we consult on | ND
subm ssi ons and new drug applications relevant to
the rule, but because we actively design and
support studies of selected drugs as potentia
i nterventions against terrorist agents.

This morning | look forward to sharing
with you some of the | essons we have | earned.

[Slide.]
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Specifically what 1'd like to do is to
briefly review the criteria for drug approval under
the Animal Rule, and then to turn to exanples of
i ssues that arise when applying the Animal Rule to
t he desi gn and conduct of studies; specifically the
pyri dostigm ne brom de approval for Soman exposure,
and our studies of gentamicin for pneunonic plague.

[Slide.]

VWhat has col |l oquially become known as "the
Ani mal Rule" or "Animal Efficacy Rule" was
promul gated in these two regul ations: 21 CFR 314
Subpart |--for drugs, and 21 CFR 601 Subpart H, for
bi ol ogics. The final rules were published in the
Federal Register on May 31, 2002.

The rule allows the reliance--allows the
FDA--for the first tine--to rely on adequate and
wel | -controll ed ani mal studies as evidence of
ef fectiveness, w thout having human efficacy data.
The rule only applies when studies in humans are
unet hi cal or infeasible.

[Slide.]

The rationale for the rule was to further
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t he devel opnent of treatnments to reduce or prevent
the toxicity of chem cal, biological, radiol ogica
or nucl ear substances. And it does not apply if
ef ficacy evaluations are feasible under any ot her
FDA regul ati on.

[Slide.]

There are four scientific criteria that
are needed for approval.

First the pathophysiol ogy of the di sease
in question and the nmechani sm of action of the drug
or biologic must be well understood.

Next, the therapeutic effect must be
denonstrated in nore than one ani mal species or in
one sufficiently well-characterized ani mal nodel
that woul d be expected to react with a response
predictive for that in humans.

[Slide.]

Third, the animal study endpoi nt nust be
clearly related to the desired benefit in humans;
nost specifically, enhancenent of survival or
prevention of major nmorbidity.

And, finally, the pharnmacokinetic and
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phar macodynamni ¢ data of the product in the aninal
nodel s nmust pernmit the selection of an effective
dose in humans.

[Slide.]

There are additional requirements. The
research needs to be performed under GLP standards.
Safety data needs to be obtained fromhumans. And
there is a need for post-approval, or Phase 4,
st udi es.

Sol'dlike to turn to our first exanple
of pyridostign ne brom de

[Slide.]

Pyri dostigm ne bromide is a cholinesterase
i nhi bitor that has previously been approved for
treatment of nyasthenia gravis. It was approved as
a pre-exposure antidote to the nerve agent Sonman in
February of 2003. And, to date, it is the only
product to have an indication approved under the
Ani mal .  However, the approval is |limted--"for
mlitary conbat use only."

[Slide.]

There are two key points that 1'd like to
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illustrate regarding the Aninmal Rule that are
illustrated by the pyridostigmn ne brom de approva
process. First, the need to understand the
pat hophysi ol ogy of the toxic agent, and the
i mportance of understandi ng the mechani sm of the
drug's activity against the agent. And, second,
the need for using nmore than one aninmal species in
studies that are expected to react with a response
predictive for humans.

[Slide.]

Now, turning our attention to the
pat hophysi ol ogy of the nerve agents, and the
mechani sm pyri dostigm ne brom de's action: Soman
and other nerve agents disrupt functioning of the
neuronmuscul ar junction, as well as other sites of
cholinergi c neurotransm ssion. Soman creates an
irreversible inhibition of acetyl cholinesterase.
As a result, excess acetylcholine builds up, and
results in extreme overstinulation of cholinergic
receptors. This overstimulation |eads to--1eads
rapidly, in this case of Soman--to respiratory

arrest due to failure of the respiratory nuscles,



excessive respiratory secretions and
bronchoconstriction, and central respiratory
depressi on.

[Slide.]

The protective mechani sm of pyridostign ne
bromde is to reversibly bind acety
chol i nesterase--in essence, doing the same thing
that the nerve agent does, only reversibly; and, in
essence, tenporarily shielding the enzyme fromthe
nerve agent. So you've got two things going on at
the sane tine with the pyridostigm ne bron de
protecting the enzyne tenporarily. But, realizing
this, it also brings up the need to have atropine
and pralidoxime--or 2-PAM-to counter the effects
of Soman, and to prevent pyridostigm ne brom de's
potentiation of the Soman effect.

How does this work? Well, atropine blocks
acetyl choline receptors--except in the skeleta
muscl e--and 2-PAM in essence, works as a kind of
crowbar to pry the nerve agent off the acetyl
chol i nesterase, unless aging or coval ent binding

has occurred.
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Now, for those of you whose
neur ophysiology is as distant--and sonetines
fuzzy--as mine is, I"'mgoing to review what | just
said, pictorially--thanks to slides provided by the
U S. Arny Medical Research Institute of Chemnica
Def ense.

[Slide.]

Here we have the upstream neuron inpul se
com ng down; acetylcholine in the presynaptic
menbr ane.

[Slide.]

| mpul se rel eases acetyl choli ne.

Acetyl choline transits the synapse, and you get the
promul gati on of the downstream i npul se.

[Slide.]

Acetyl cholinesterase conmes in and,
basically takes care of the acetylcholine, ending
the i mpul se.

[Slide.]

Wth the nerve agent, the acetyl
chol i nesterases are bound up. You get this huge

concentration of acetylcholine in the synapse,
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creati ng massive downstream overstinmul ati on.

[Slide.]

What atropine does is, in this case--an
illustration fromsmoth nmuscle--is to block the
downstream acetyl choline receptors, limting the
effect of this huge buildup of acetylcholine in the
neur omuscul ar junction

[Slide.]

The crowbar effect of 2-PAM -or
pral i doxi me--working to renove the nerve agent from
the enzyne prior to the aging of the nerve agent on
the enzyne.

[Slide.]

And, finally, this slide, that serves two
pur poses: nunber one, to show the aging or binding
process, after which 2-PAM cannot renove the nerve
agent, and this enzyne is permanently di sabl ed.

But it also serves to reenphasi ze what
pyridostigm ne bronm de does. It does this. |
mean, this is PB as well as Soman. Only PB doesn't
do this. PB eventually disassoci ates.

[Slide.]



Now, there were early difficulties in
assessing pyridostigm ne bromde activity in animal
nodels. As it turned out, the early studies in
smal |l animals--that is, mce and rates--reveal ed
that pyridostignmne's effects were small and
inconsistent. As it turned out, the effects of
pyridostigmne in mce and rats were masked by high
bl ood | evel s of carboxyl esterase in these species.
Car boxyl esterase serves to inactive Soman in the
bl ood, making the animals, in essence, highly
resistant naturally to the effects of Soman.

[Slide.]

And this is a chart of the interspecies
di fferences of carboxylesterase in the different
speci es; plasma concentrations of carboxyl esterase,

as well as the resultant Soman LD
50.

You can see in the rat and the nouse nuch
hi gher concentrations than in these other
ani mal s--gui nea pig less, and in rhesus and humans
no circulating plasma carboxyl esterase. As a
result, the LD50 is very high in these very

resistant smaller animals, but then is al npst
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10-fold lower in rhesus nmacaques.

[Slide.]

Further studies revealed that the efficacy
of pyridostigm ne brom de plus atropine plus 2- PAM
as prophyl axi s agai nst Soman was first denonstrated
consistently in guinea pigs. And the critical PB
ef ficacy study was performed in rhesus nmacaques.
And in these critical rhesus macaque studies, PB
plus atropine plus 2-PAM was shown to increase the

Soman LD 50 nore than 40-fold
over untreated nonkeys.

And, additionally, PB plus atropine plus 2-PAM

i ncreased Soman LD
50 nore than 25-fold over nobnkeys

treated only with atropine and 2- PAM

[Slide.]

So, in sunmary, what the PB approva
process denonstrated was that a precise
under st andi ng of the pathophysiol ogy action of
Soman and of PB's activity against the agent was
critical the ultimte approval of the agent, and to
devel opi ng instructions for use on the PB | abel
i ncluding these inportant cautions: that is, that

PB is approved for use as pre-treatnment for Soman,



and the actual efficacy is dependent upon the rapid
use of atropine and pralidoxinme after the Soman
exposure occurs. Furthernore, because of its
potentiation effect, pyridostigmne brom de taken

i mediately prior to or at the tine of Soman
exposure may actually exacerbate the effects of a
sub- | et hal Soman dose.

Additionally, these experinents and the
approval process reveal ed the inportance--that
fundanent al unanti ci pated bi ol ogi cal differences
bet ween species--in this case, the presence or
absence of carboxyl esterase--result in differentia
activity of pyridostigm ne bronmde. And it
illustrates the inportance of understanding the
pat hophysi ol ogi cal nechani sns, and of using
mul tiple species in testing these agents.

[Slide.]

Now |'d like to turn to the second
exanple: testing Gentamicin for efficacy in
pneunoni ¢ pl ague.

[Slide.]

The key points regarding the Animal Rule
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that were illustrated by the gentam cin studies for
pl ague were the inportance of understanding the
pat hophysi ol ogy of the di sease--nuch as in the case
of the Soman- PB experience--and, additionally, the
i nportance of the pharnmacokinetic studies and PK
bri dgi ng studi es between animals and humans. It
also illustrated the key role played by the
requi renment for GLP standards.

[Slide.]

Now, turning our attention to the
pat hophysi ol ogy of pneunoni c pl ague, understandi ng
pl ague pat hophysi ol ogy was critical to our
designing the actual timng of the gentamnicin
intervention. The reason for this is that we were
seeking the indication for gentamicin for treatnent
of pneunoni c pl ague, not for pre- or post-exposure
prophyl axis. The approach that we took to address
this question was to undertake a natural history
study which was performed at USAMRI I D under the
direction of Dr. Louise Pitt and her staff, with
the support of the N AID.

[Slide.]
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Agai n, the goal of the natural history
study was to determne the timng for gentamcin
intervention. 1In this study, six African green
nmonkeys were exposed to aerosolize Yersinia pestis,

strain CO92, with a gentanmicin MC of about 1

m crogram per m. The planned does was 100+ 50
LD 50s of Yersinia, delivered via the
USAMRI | D

aut omat ed aerosol exposure platform

[Slide.]

The results of the study were as foll ows:
four of the six aninmals became bacterenic after

aerosol i zed exposure to nore than 20 LD
50s of V.

pestis. Insufficient exposure to viable organi sns
was |ikely responsible for the failure to devel op
di sease in the other two ani nal s.

Al'l the bacterem c animals were
bl ood-cul ture positive no later than 72 hours post
exposure, and fever was the npbst consistent early
clinical sign of disease

[Slide.]

This table just shows the devel opnent of

bacteremia in the four animals that did devel op



bacteremi a. And you can see, by 72 hours all of
the animals that eventually were bacterem c--one
ani mal actually devel oped bacterem a by 48 hours.
The two animals that did not devel op bacterem a
were exposed to lower than anticipated |evels of Y.
pesti s.

[Slide.]

And, just to show the devel opnent of
fevers in the four animals that did devel op
bacterem a--and you can see a very nice correlation
between the tim ng of the devel opnment of bacterenm a
and the timng of the devel opnent of consistent
fevers.

[Slide.]

Well, the natural history study resulted
in the following trial design regarding the tinm ng
of gentamicin intervention for a treatnent
i ndi cation. W decided to begin treatnent 76 hours
after exposure to Y. pestis or, with the
devel opnent of consistent fever in the majority of
t he nonkeys in each exposure cohort.

[Slide.]
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So now turning our attention to the
phar macoki netic study, the goals of the
phar macoki netic study were to determne the
gentam cin dose that would result in a peak serum
gentami cin concentration 10 tines the U. pestis
M C--or 10 microgramper m, and then to determ ne
t he equi val ent human gentam cin dose. This study
was performed at SRI, under an NI AID contract.

[Slide.]

In this study, 12 African greens--six male
and six femal e--were exposed to a single dose of
gentamicin. Six received intranmuscular injection
six received |V infusions. Three doses were
chosen; 3 mg/k, 4.5 ng/k and 6 nmg/k--with our
target peak serum concentration of gentamcin,
again, at 10 mcrograns/n .

[Slide.]

The results were that the | owest
gentam cin dose fromthe PK study that achieved the
target peak serum concentration was 3 ng/ k. Now,
the thing about this is that this once-daily dose

left the serum gentam cin concentration bel ow the



Y. pestis MC--gentamcin MC per pestis, of 1
m crogram per ml for approximtely 17 hours.

Now, in treating pneunonic plague, we
didn't feel all that confortable about that, and
exam ned options that we m ght have to try to
remedy that situation. And, clearly, dosing with
gentanmicin every 12 hours resulted in a greater
time above the serumgentanmicin MC for Y. pestis.

[Slide.]

This is a chart of the pharmacokinetic
data, briefly summari zed. Here's the concentration
of gentamicin tine, and then this line here is the
1 microgramper m MC;, three different dosing
ranges. Just to focus nostly on this | owest
range--the | owest dose, 3 npg/k, you can see a C max
of about 17 mcrograns per m. But the key thing
also is that the clearance ends up being about the
same, and goi ng bel ow the one nmicrogramper mM MC
at about seven hours.

Now, just nodeling a second dose of
gentamicin at this dose |evel, you can see, you

know, basically, duplicating this curve; nore tine
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above M C for that second gentanicin dose.

[Slide.]

Now, the thing then was this 3--to give 3
ng/ k gentamicin every 12 hours in African greens
actually mmcs a daily human gentam cin dose of 10
ng/ k. This raised a problem

The problem was that the 10 ng/k daily
gentanmicin dose in humans is greater than the
maxi mum r ecommended dose of 5 ng/k per day in
humans with life-threatening infection. Doses over
5 ng/ k per day significantly increase the risk of
ototoxicity and nephrotoxicity.

So we had a decision to make. The
deci sion was whether to just go ahead and use the
hi gh dose, with the idea of giving gentamcin the
best chance of working, in the ani mal nodel; or
whet her to imedi ately scale down the dose that
woul d make the experinents i mediately relevant to
t he human condition.

[Slide.]

We decided on the former course: to use

t he higher dose in the African greens to achieve



proof of concept; basically, giving gentamcin the
best chance of working against this very severe
i nfection.

[Slide.]

However, we know this would have a
consequence. And the consequence was to commt us
to further studies to nmake the studies applicable
to humans under the Animal Rule, withe the idea
being if gentamicin efficacy was established
agai nst pneunoni ¢ plague at this higher dose, we'd
need to test |ower doses with an acceptable
relative toxicity profile in humans.

And so we went ahead with the efficacy
st udy.

[Side.]

The goal of the efficacy study, again, was

to determine the efficacy as treatnment of pneunonic
plague in this African green nonkey nodel.

The design was a targeted inhal ed dose of
100 + 50 LD50s. We used 10 treated African
greens--five male, five female--at this 3 ng/k BID

IV dose for 10 days. There were six untreated
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controls.

[Slide.]

Wel |, anmong the controls, none survived.
Among the treated African greens, 8 of 10 survived.
We're currently studying the factors that possibly
differentiated the survivors fromthe two treated
African greens that died. Mght it have been a

di fferent LD
exposure? Perhaps different

gentam cin |l evel s? Perhaps seedi ng of conpartnents
that were otherw se unavailable to gentam cin
t herapy, such as the CNS?

Anyway, all these results are awaiting the
results of pathology studies and | aboratory
st udi es.

[Slide.]

In the future, what we plan to do is to
perform gentanmicin efficacy studies with a | ower
dose of gentamicin that would correspond to an
accept abl e human dose, and then to repeat these
ef ficacy studies for Cipro, |evofloxacin,
ceftriaxone and doxycycli ne.

[Slide.]



I'"mgoing to skip the GLP slides--both in
the interest of time, and because Dr. MCornack is
i medi ately following me and will be addressing the
GLP issues.

And so I'Il go right to ny concl usions.

[Slide.]

And that is that the Animal Rule creates
new opportunity and new chal |l enges for research
nobilized to conbat bioterrorism There is a need
for careful consideration and planning to address
the four scientific criteria: the
pat hophysi ol ogi cal nechani sns; denonstrating the
effect in animal species with response predictive
for humans; studying the relationship of the study
endpoint to the desired human benefit; and
obt ai ni ng pharmacoki neti ¢ and pharnacodynani c data
in animals that pernmit the selection of an
ef fecti ve human dose

[Slide.]

Additionally, other requires nust also be
addressed, such as the GLP requirenents, the need

for human safety data, and the post-marketing
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studies that we'll be discussing later in this
meet i ng.

[Slide.]

And I'd just like to enphasize that in
doing this, early communication with ourselves and
the Division of Counterterrorism as well as with
the appropriate review divisions, are inportant in
ensuring an efficient process.

| give you ny phone nunber and the phone
nunmber of our division, as well as ny e-mail there.

[Slide.]

And |'d |like to quickly acknow edge j ust
some of the fol ks who have played a key role in
many of these studies: Mtch Mathis, from our
di vi sion, who worked very closely with Russ Katz
and the folks in OD 1 on the pyridostigm ne brom de
approval ; Frank Pel sor, working with Phi
Col angel o, on the pharnmacokinetic studies; Tracy
MacG I I, our m crobiol ogist; John Al exander, from
OD 4, as is Phil Colangelo; fromthe N Al D, Judy
Hewi tt, and now Adeline Smith, as well; and from

USAMRI | D, Louise Pitt and her incredible team at
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USAMRI | D.
Thank you very nuch

[ Appl ause. ]

DR. WOROBEC: And now |'d like to turn our
attention to the whole issue of GLP in ani mal
ef ficacy studies.

And |1'd like to introduce our next
speaker, Dr. James McCormack. He's the Director of
Noncl i ni cal Laboratory Conpliance in the Ofice of
Enforcenment within the Ofice of Regulatory Affairs
of CDER. He is truly an expert on GLP issues.

Dr. McCornmack has 15-plus years'
experience in bioresearch nmonitoring at FDA; is the
FDA's representative to the WHO heal th
organi zation, and the Organization for Econom c
Devel opnent and Cooperation expert panels on GLP;
and is the agency contact on Internationa
Menor anda of Understandi ng and | nteragency
Agreenments pertaining to GLP.

Dr. McCormack is also responsible for
organi zi ng and conducting training of agency

i nvestigators in GLPs.
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GLP | ssues

DR. McCORMACK: Thank you, and Good
norning. |t nust be either good planning or bad
pl anni ng, they saved the regulatory guy until right
before |l unch when everybody's hungry, and body
parts have becone numb and things.

So I'lI'l try to go through this quickly so
you get on to lunch and a break.

Dr. Schrager covered a |ot of the elenents
of the Animal Efficacy Rule. 1'mgoing to skip
t hrough nost of those slides and just get to one
particular point that's of interest in the GLP
ar ea.

[Slide.]

"Il also cover what the basic objectives
are of Good Laboratory Practice regul ations. Sone
of you nmay not be that familiar with them Some of
you may. But 1'Il cover, basically, what the
obj ectives of the GLPs are; talk about sone of our
experiences and questions that we've dealt with in
dealing with the application of GLPs in biosecure

facilities. And, lastly, I'll give you somne



contact information that if you do have questions
you can--if we don't get themanswered in this
afternoon's panel, that we'll be able to answer
them |l ater.

I"mgoing to skip through nost of these
slides. Dr. Schrager covered these.

[Side.]

Essentially, the Animal Rule derived from

Bi oterrori sm Response Act of 2001 which required
FDA to develop a rule by which we could use ani mal
data as evidence of effectiveness.

I'"'mgoing to skip through the basic
requi rements of the Animal Rule, or the conditions
for the Animal Rule--get to the nost inportant
part, as far as GLPs are concerned- -

[Slide.]

--and that is that the Animal Rul e does
require that all the studies are subject to GLPs
and the Aninmal Welfare Act, which is admninistered
by the USDA APH S, not by FDA

[Slide.]

There is a conform ng amendnent to GLP
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regul ations to acconmodate that; to conform GLPs
with the Animal Rule, to nmake sure that that is
legally within the scope of GLPs. It will be
published as a direct final rule, and it is
currently in the agency cl earance process.

[Slide.]

That being said, I'll go on to the basic
objectives of GLPS. GLPs is a quality managenent
system and it's designed to ensure the quality and
integrity of non-clinical |aboratory
studi es--which, in this case, in the Animal Rule is
the ani mal efficacy, as well as there nmay be safety
studies as well.

And our inspectional process focuses on
that quality nmanagenent systen the test facility
managenment, the quality assurance unit, and the
study director, and how they interact. That is the
qual ity managenent systemthat's described in GLPs,
and that is the focus of our inspectional process.

[Slide.]

In studi es conducted under the--well

actually in any studies, whether you're testing
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bubbl e gum or counter-terrorism agents, the nost
i mportant aspect of Good Laboratory Practice
regul ations is the involvenent of nanagenent in
that quality management system It is, indeed, a
qual ity managenment system and any | aboratory where
t he managenent of that |aboratory is not actively
engaged in the assurance of conpliance and quality
of the studies, we can pretty nuch guarantee that
the studies are going to have flaws. It becones
probl ematic, obviously, for the review divisions.

[Slide.]

Managenment's role in that quality system
actually may be heightened in biosecure facilities.
There are a nunber of things--and I'Il go through
some of them-that managenent--additiona
considerations; it puts additional burden on
testing facility managenment to ensure the quality
and integrity of data.

[Slide.]

The objections of the GLPs is to permt
reconstruction of the study events and verification

of the final report, independent of the personne
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i nvol ved. You can easily say, "Well, | can recal
what | did in the study. | don't need the
docunent." But, really, the purpose is to nake

t hose studi es i ndependent of individuals'
recol l ection; to be able to reconstruct it from
docunent ati on of the study, to know what's goi ng on
in that study.

I have a friend who is a quality assurance
consul tant, and she nmakes this point in many of her
presentations. She used to use an exanple of
asking study directors "Wat happens if you get hit
by a bus?"--until, actually, she had a study
director that did get hit by a bus, and she no
| onger uses that exanple.

[ Laughter.]

But the inportant thing is to be able to
reconstruct studies fromthe docunmentation, from
the raw data, fromthe specimens that are collected
during the study. In fact, some of these studies
may float around for quite a bit of tinme. Just
about a nmonth ago | was contacted by the OECD- - not

part of the GLP aspects of OECD, but another
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activity occurring within the OECD--and they were
| ooki ng at sone old data, and they wanted to know
whet her we had inspected that data, and what our
opi nion of |aboratory that collected the data was.
And for any of you that are famliar with G.Ps, the
data cane from lIndustrial Biotest--which, if you
are famliar, you realize that was one of the
l andmark crimnal investigations, back in the
m d-'70s that caused GLPs to cone into existence.
Basically, they had no trouble giving you a
two-year chronic study on a two-nonth notice.

But that data is still floating around,
and it was actually going to be used by the OECD
for setting standards and evaluating toxicity of--I
think it was pesticides in this case. And it was
an interesting reply that--1 said, basically, we
didn't have any problemw th the | ab except for the
four people that went to jail and all the data that
was thrown out.

[ Laughter.]

How do we acconplish this? Well

basically, we acconplish it through the inspection
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agai n, of raw data, specinens, records and ot her
docunentation in a study, and to see if we can
reconstruct study events fromthat infornmation.
Basically, what we're trying to do is--the
Pre-Cl earance Review Divisions receive a fina
report. We're trying to deliver the answer to them
that, indeed, what you are readi ng, what you are
| ooking at, is indeed fact based; everything in
that report is based on documented facts, and you
make your decisions with confidence on that data.
O, if they have a specific question about an
aspect of the study, we can go out and answer that
gquestion for them |ooking at the actual raw data
and specinens and things |ike that.

So that's the objectives of G.Ps.

[Slide.]

Agai n the key factor is managenent
responsibilities. And, again, it is heightened in
the case of biosecure facilities. One of the basic
requi renents in any study is that nanagenent has to
deternmine that the persons that are going to be

involved in a study are, indeed, qualified and



trained to performthat study. They have to have
the facilities that neet the requirenents--the
protocol requirenments for conducting that study.
And they have to have the equi pnent necessary to be
abl e to conduct that study.

[Slide.]

This may, again, be heightened in
bi osecure facilities, where it may require
specialized training. It nmay require certain
changes to the facility operations and the physica
facilities thenselves. And we'll get into some of
the additional burdens that may acconpany bi osecure
facilities, as far as equi pnent is concerned.

[Slide.]

I'"ve already tal ked about the
training--specialized training that may occur in a
bi osecure facility. Again, managenent has to
assure that test articles have been appropriately
characterized. And I'mgoing to--1 have a couple
of slides on this later that aren't in your
handout, but it's only two slides. I'Il talk a

little bit nmore about this.
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But test articles and control articles,
for that matter--you have to know exactly what
those articles are, each batch of that. It has to
be known so that you know what the exposure of the
test systemis to that article, and I1'Il talk nore
about that.

[Slide.]

In biosecure facilities, managenent may
have to address additional and different demands on
study directors, on personnel, and on the quality
assurance unit. Because of the nature of a
bi osecure facility, you may need nore personnel in
a quality assurance unit, for exanple. Study
directors may not be able to execute the nunber of
studi es that they have traditionally done outside a
bi osecure environnent. So managenent has to
accomodat e for that; they have to account for
that--that they nmay need additional study
directors, they may need additional technicians,
they may need additional quality assurance

per sonnel

They al so nust be able to accommpdate that

189



190
internal quality assurance auditing, and externa
i nspections of those facilities, and audits of
those studies. And that may require, again, sone
preparati on and some planni ng on managenent's
responsibility to make sure that that can occur

[Slide.]

Study director responsibilities: under
the FLPs, the study director is the single point of
study control, and that remai ns the same whet her
you' re dealing in a biosecure facility or any other
facility. It may stress--and it may nake certain
i ssues nore inportant than they were in a nonsecure
envi ronnent, but, essentially, comrunication
beconmes an issues.

How are you going to conmunicate? Howis
the study director going to conmunicate
information--to the technicians that are actually
performng the task? |If there needs to be a change
in procedure, and you need to deviate froma
procedure, or deviate fromthe protocol, howis
that going to be comuni cated? What chal |l enges

does a biosecure facility present for comunication
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anongst the staff? You can't necessarily call a
quick five-m nute staff neeting and tal k about an
i ssue. There may be individuals on the other side
of a barrier that you can't get to readily. How
are you going to do that? How are you going to
anticipate that?

The standard operating procedures--to nmake
sure that they are followed by the study personnel
And protocol amendnments, or protoco
devi ations--again, if the need arises to deviate
from procedures, or fromthe protocol, howis that
going to be, again, communicated to the staff? How
is it going to be docunented--when, again, you're
dealing with inside and outside of a barrier
situation.

One of the big things is that a study
director nust assure that data are recorded
accurately, and they are verified. Now, that
presents a problemin a barrier facility because
there obviously is an effect on the transference of
information--if you even can--fromw thin the

barrier to outside the barrier. And it may



192
actual ly have del eterious effects, dependi ng upon
the nethod of reporting on that infornmation.

The study director may need to plan
whet her they use traditional nethods of recording
data or look for non-traditional methods of
recodi ng data; for exanple, the use of--well, 1"l
go through some of that |ater on--but, for exanple,
paper. You may |look to use types of paper that
aren't destroyed in the decontam nation
process- - nal gene not ebooks, nal gene paper--for
recording information, or other solutions to that
probl em

Verification outside and within the
barrier. Sone of that informati on may be coll ected
on one side and cannot be, for whatever reason--the
met hods just do not allow themto be transferred
outside the barrier--for the quality assurance unit
to do the verification. How are you going to
handl e that situation? Howis the study director
going to verify that infornmation if they need to
access that information readily?

[Slide.]
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Corrective actions are one of the things
that a study director really has to comunicate to
the staff. |If there is an i mediate
probl em -especially something that is brought to
the attention of the study director--and, again
they need to nmake that change to take a corrective
action that's been transnmitted to them by the
qual ity assurance unit. They nay be doing an
i nspection and find a problemthat they feel could
affect the quality and integrity of that data, how
are you going to quickly make that change when
you're dealing in a biosecure facility?

And the overall responsibility of a study
director is to ensure that all the GLP regul ati ons
are indeed followed. That still remains their
responsi bility.

[Slide.]

The quality assurance unit
responsibilities: personnel nmust be qualified to
conduct the inspections in secure areas. They may
need to go through additional training and

additional qualification in order to get behind



that barrier and to conduct their inspections and
audits as necessary. And there nay al so need to be
nore than one person that's qualified to go within
that barrier to do those inspections and audits,
agai n, because you hope soneone doesn't get hit by
a bus.

The QA shoul d explore the use of
alternative nmethods to conducting inspections and
audits. Again, if you have to go within a barrier
that may be tinme-consumng. It may put constraints
on the resources. So you have to | ook for creative
alternatives to doing inspections and audits of
studies within the barrier and outside the barrier

One of the things that really is incunmbent
upon the quality assurance unit is they need to
make managenent aware, soO mahagenent can address
those issues, of what type of burdens a secure
facility really puts on their operations. Again
you may have to have additional training of QA
personnel so they can go within the barrier; and
schedul i ng of those personnel. You may not be

about to audits and inspections of other aspects of
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facility operations because of the time it takes to
do inspections of the studies that are conducted in
a biosecure area

[Slide.]

These are the two slides | put in here,
because this question does come up on occasion, and
that's test and control article characterization
In a lot of these cases we're tal king about, the
control article actually being the agent, and the
test article being a marketed product, under the
GLPs, a marketed product can be characterized by
its labeling; in other words, it's already a
mar ket ed product, the labeling of that product is
satisfactory for characterization.

But in these cases, oftentinmes the contro
article is an agent, and needs to be characterized.
Well, the regulations require that articles be
characterized by their identity, strength, purity,
conposition, and "other characteristics.” 1n these
types of studies, it really is the "other
characteristics" that really beconme the majority of

i dentifying what that agent is, and to nmaking sure,
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frombatch to batch it is the sane agent, of the
same potency.

[Slide.]

GLPs, thenselves, do not describe what
types of tests need to be perforned.
Basi cal | y--and especially with these types of
studi es--the people that are going to be review ng
the studies, the people who are performng the
studi es, they can agree on what is the necessary
type of testing needed to really appropriately
characterize that control article, or that test
article. They may be different types of tests than
are typically done; again, "other characteristics"”
that need to be defined about that. And that's
really an issue that Dr. Schrager point that out,
is a communi cati on between the people that are
going to be review ng these studies and the people
t hat are conducting these studies: what types of
tests do you want to see that will prove to you
that this article is indeed the sane article froma
previ ous batch and the next batch, and one study to

anot her--what types of tests do you need to be
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performed? That should be captured in the
pr ot ocol

As far as GLPs are concerned, we'll check
to make sure that the type of testing that is
necessary to characterize that article have been
performed and accurately reported. But the exact
type of testing that needs to be perforned is
really a scientific issue that is within the realm
of authority of the review divisions that will be
recei ving that data.

So that's on test article.

[Slide.]

Raw data in secure facilities: raw data
that's collected in a secure area, again, may be
damaged as it is decontami nated. You may not be
able to transfer that fromw thin the barrier to
outside the barrier. One of the things you should
be cogni zant of is that GLPs do permit the
substitution of exact copies; that's a verbatim
copy that's been verified accurate by a dated
signature, for original source data.

So it may be that you nay be recording raw



data on paper--the traditional manner--within the
barrier. You cannot decontam nate that information
and bring it outside because it destroys the
records themselves. There are a number of
di fferent procedures that you could use to create
an exact copy of that paper; for exanple, |'ve been
in sone biosecure facilities that just have a fax
machine within the barrier. They fax out a copy.
One person on the outside of the barrier |ooks
at--they hold up to a glass door the origina
information. They do a quick check to nmake sure
that the fax copy is, indeed, an accurate and exact
copy of the original which is within the barrier
So that's one possible solution

Agai n, because these require sone
non-traditional approaches, the training of the
personnel --the technicians involved in the
process--they need to understand exactly that
verification process, and that it indeed wll
ensure that all the information is accurately and
conpletely copied into that copy of the origina

records.
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Agai n, sone of the approaches that we've
seen used are special material s--nal gene not ebooks
and paper and things; video and audi o tapes can
sometines be used to suppl enent other types of
docunent ati on; and, of course, electronic data. |If
the data is recorded electronically at a termna
within the barrier, the servers are outside the
barrier, so the information is accessible at both
| ocations, within and outside the barrier

The inportant part is also is to assure
t hat whatever non-traditional method you're using,
they permt records to be retained for the required
period of time. That's an inportant consideration
for sone of the alternatives |ike video and audio
tapes. WII they neet the retention requirenents?
And nost of the tinme they probably wll.

[Slide.]

Mai nt enance and cal i brati on of equipnent:
managenent may need to expend additional resources.
They may need to plan for additional resources to
accomodat e redundancy of equi pment. You nmay have

equi pnrent that is held captive in one area of a
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facility, and you may need it in another area.
Management needs to know that they're going to need
to buy three and four pieces of this equiprment and
not just one, because you're not going to be able
to decontami nate it, or you're not going to be able
to nove it fromone area of the facility to another
area of the facility rapidly.

Anot her thing that study directors--and
managenment and techni cal personnel, as well--need
to be cognizant of is that for the standardi zation
or calibration of equipnent, you want to plan
enough ahead of tine to where you have sone down
time if the piece of equipnment can be, indeed,
decontam nated for calibration purposes, that that
doesn't becone a problem of conflicting schedul es
within a facility.

[Slide.]

Many bi osecure facilities, by their
nat ure--by how they become bi osecure
facilities--should already have in place a | ot
of --and be able to accommpdate a | ot of the

requi rements of GLPs; for exanple, the isolation of



projects, isolation of biohazardous materials. By
the very nature of a biosecure facility, that is
al ready acconplished. Quarantining of animals is
generally a routine practice in biosecure
facilities; and al so, hopefully, preventing m x-ups
of test and control articles. Mst facilities that
operate in a biosecure fashion are very cogni zant
of making sure that they don't m x up the anthrax
with some thing el se

The bottomline is: G.Ps do provide a
significant amount of flexibility. You need
knowl edge of the regulation to understand where
that flexibility is. W're nore than willing to
help if sonebody--if you encounter a problem "How
do | conply, given this set of circunstances?"--and
a lot of this is very unique--sonme of the
facilities that 1've been to--to a couple biosecure
facilities, they've used very creative approaches
that are still conpliant with the regulation. They
do require people to get off--or to nove out of
their traditional safe-zone of the way they

normal Iy do business, but still using practices
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that are, indeed, conpliant.

And we're nore than willing to help you
answer those questions.

This contact information is probably good
for two nore weeks, because ny tel ephone nunber and
address and things are going to be changi ng.
There's always 10 percent of FDA that is in a
nmovi ng van at any one time. In the next couple of
weeks it's ny turn.

My e-mail address will stay the sane, so

you can contact ne there. And we'd be nore than
happy to get what your individual circunmstances
are, what are your concerns about conpliance, and
hel p you find ways to address those conpliance
i ssues, and to run these studies in conpliance.
And the end result is to deliver to the review
di vi sions the confidence they need to nmeke the
critical decisions they have to make about the
approval of these products.

So, hopefully, | haven't slowed you up
fromlunch too much. And I'd be glad to answer any

qgquestions during our panel discussion
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Thank you.

[ Appl ause. ]

DR. WOROBEC: We're now going to break for
lunch. But | do need everyone to be back pronptly
at 12:45.

And for those of you who already questions
for the panelists, you can pick up cards at the
regi stration desk and wite them down, and we'll be
happy to try to answer them

[OFf the record.]

DR. WOROBEC: We're going to resune the
af ternoon session.

I want to make a post-1lunch announcenent,
t hough. For anyone who may need a cab to the
airport, just let the registration desk know and
they'll arrange one for you.

And we are going to have to make sone nore
changes.

Qur first speaker is currently not here,
and what we're going to do is have our second
speaker, Dr. Louise Pitt, give her presentation

And we'll proceed fromthere. W may have a



shorter session, and therefore we may have sonme
nore time for discussion, which | think would
actually be quite valuable for this particular
session, since there is a lot to discuss.

So, I'mjust going to now-1 will now
i ntroduce Dr. Louise Pitt, who is very well known
to any of you who have ever contenpl ated doi ng
non- human pri mate studies.

She is the chief director of the Center
for Aerobiol ogical Sciences at USAMRII D at Fort
Detrick, and has conducted research on ani mal
nodel s with anthrax and, in particular, on
non- human primate nodels, since 1987. Prior to
this time, she held the position of chief of the
Depart ment of | nmunol ogy and M crobi ol ogy at the
Nati onal Center for COccupational Health in
Johannesburg, South Africa.

And we are very pleased to wel conme Dr.
Louise Pitt to this workshop

Ani mal Efficacy
DR. PITT: Good afternoon. The subject

that 1'mgoing to talk about is aninmal nodels for
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bacillus anthracis infection, focusing on
i nhal ati onal ant hrax.

[Slide.]

This first slide is--1 believe everybody
knows this by now, but the reason for this is to
poi nt out that the capsul e and the exotoxins--these
virul ence factors--are very inportant when
di scussi ng ani mal nodel s, because different ani nal
nodel s are sensitive or resistant to these
virul ence factors to varying degrees. And as we Qo
through the aninmal nmodels this will probably becone
nore apparent.

[Slide.]

I nhal ati onal anthrax--1 think everybody is
aware now-is a generalized systemdi sease in
susceptible animals. And the end result is usually
a septicem a.

The pat hogenesis as we understand it today
was actually based on work that was done in 1957 in
guinea pigs. And this is the work that gave us
that fact that when inhal ed, these spores

phagocytosed, carried to |ynphatics--carried by the



| ynphatics to the draining | ynph nodes. The spores
germnate. To date it is not quite clear where
those spores gernminate; whether they wait '"til they
get to the Iynph node, whether they do it along the
pat hway, or whether sonme actually do germinate in
the lung. There is data for all of those, and it's
probably a conbinati on.

The bacilli then grow, spread to the
medi asti nal nodes, surrounding tissues, and then
seed nultiple organs. And we do know that--and
this is based on, of course, on nacaque data, that
about 50 percent have neningitis.

[Slide.]

Just a little bit of historical dat. It
was i n about 1880 that inhalational anthrax was
first reported as a disease. It was called
wool sorter's disease. And then in 1886, a
Beuchner, a scientist, actually recreated in ani mal
nodel s--rabbi s, guinea pigs and m ce--by exposing
these aninmals to clouds of these spores by aerosol.
He gave inhal ational anthrax to these animals;

described it; and was astonished to find that this
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is not a lung disease, this was a generalized
di sease with very little evidence of the
germnation in the lungs and organisns in the
l ungs.

[Slide.]

So, noving on to animal nodels: the
princi pal ani mal nodels that have been used in
| aboratories--of course the interest has been
nmedi cal , and therefore these ani mal nodels that
woul d represent the interest of the scientists:
the nouse, rat, hanster guinea pig, rabbit; and
then the non-human prinmates, of which the macaque
has been both cynonol gus and the macaque mul atta
and the rhesus have been the two nodels that have
been historically used.

[Slide.]

Now, noving onto the nouse--and this is
where it's very inportant to renmenber that those
virul ence factors in the nouse--the capsule is
extrenely inportant. Encapsul ated
non-t oxi n- produci ng strains of virulence to the

nouse.



Agai n, nouse strains--because there are so
many di fferent inbred nmouse strains--they differ
significant in this innate susceptibility to |ethal
i nfection, both with the fully virulent and with
t he non-encapsul ated, the Stern-type strain.

When you | ook at vaccination in these
animals--and this is usually with a
protein--chem cal -derived vacci ne--you can attain
protection with an unencapsul ated strain, but not
with equally virulent strains.

[Slide.]

And this is just a little data enphasi zing
that, and | ooking at two different nobuse strains
and how they behave: with the A/J, when vaccinated
with the licensed vacci ne, you get an enornous
anti-PA titer. But, again, this is just with a
sub-cu chal l enge. No survival.

If you, however, give a life vaccine to
t he nmouse, which produces PA--and this is B.
subtilis in this case--again, an enornous titer in
the A/J, but zero survival.

If you |l ook at the CBA--with the ABA you
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get a simlar pattern. You get a huge titer
agai nst the PA, and very little protection. But
the CBA differs fromthe A/J in that with the Iive
vacci ne, you can get sone protection

So, nouse strains, we're | ooking--very,
very different across susceptibility, although in
general they are quite different from other species
in how they behave with the capsul e.

[Slide.]

As nost of our efforts over the years have
been on vacci nes, we had done very little work with
t he nouse nodel, in terms of vaccines, but after
2001, the question arose was: we needed a node
that would help us screen antibiotics. And that's
when we thought, well, nmaybe we could go back and
devel op the nouse nodel, have an aeroso
i nhal ati onal nodel, and would this help us to
screen antibiotics, because we didn't want to do
that in a non-human prinmates, and a triage nodel
was what was required, and would this be useful ?

So Hank Heine at USAMRI I D honcho-ed this

effort, and we | ooked at four different strains of



is all
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mce: A/J, the Swiss Webster, Balb/c and C57
bl ack.

The A/J turns out to have the |owest LD

50;

C57 black, Balb/c's are very simlar, with Sw ss
Webst ers being sort of between A/J's and Bal b/c's.

We are in the process of doing the
pat hol ogy and | ooking at the pathology. It is not

a conplete picture yet. But as | tal k about

pat hol ogy of the other nodels I will nention where
we think the nouse nodel will lie in terms of
pat hol ogy.

[Slide.]

In choosing a nouse nodel to go ahead and
|l ook at this antibiotic therapy, we chose the
Bal b/ c, again, because it was an inbred strain. It
was internmediate sensitivity; and it was consistent
with some sub-cu chall enge data that had been
collected by Welkas in '86. And then Hank Heine
and his group have gone ahead used ciprofloxacin as
the standard, and have established that 21 days of

treatment gives you 100 protection against a round

of 50 LD 50 chal I enge.

done with the

Thi s
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Ames strain of bacillus anthracis.

It was established that 14 was not
sufficient. And based on this data, we feel this
is an appropriate standard to maybe screen other
antibiotic --newer antibiotics for efficacy.

[Slide.]

So, in general, we feel at this point that
the Bal b/c nouse may be a suitable nodel for
i nhal ati onal anthrax, based on what we've seen
ri ght now on the pathol ogy, and for screening
antibiotic efficacy. And | want to enphasize: we
built this nmodel for antibiotic. W did not think
it would be useful for inmune therapy.

[Slide.]

Just nmoving on to the rat nodel, | think
as every has heard today through different tal ks
that the rat is very resistant to the establishnent
of an infection. And when | say "resistant” and
"sensitive" in these nmodels, this is based on
sub-cu routes, not on inhalation routes.

Again, if you look at different rat

strains, it is rat strain dependent, and it has



been shown that this resistance increases with age.

The rat, of course, is extrenely sensitive
to toxin--some strains nmuch nore sensitive than
ot hers; Fisher 344 versus NI H black rats, much nore
sensitive to toxin than the others.

And if rats are vaccinated with standard
vaccine, this really--you don't really see a big
i mprovenent in protection because it changes the
resistence very little.

I just put inalittle bit about the
hanster here. The hanster is extrenely
susceptible. It's very nuch like a nouse. It's
just a bigger, uglier nouse, in fact.

[ Laught er. ]

Extrenely susceptible, and is inpossible
to protect with acellular vaccines. | put that in
t here because the Russians used the hamster
extensively, and all their publications, all their
i nformati on on vaccine resistence, etcetera,
usually canme fromthe hanmster nodel. So it can be
taken wi th whatever that neans.

[Slide.]
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Just noving onto the guinea pig, now. The
gui nea pig has been used extensively, historically,
for many, many years. It was used to elucidate
pat hogenesi s with inhal ational anthrax.

Gui nea pigs are very susceptible to spore
i nfections; very susceptible. Wen you hear people
tal ki ng about different strains of bacillus
anthracis spores versus virulence, they're
frequently tal king about virulence in the guinea
pi g.

Gui nea pigs see differences in spore
preparation in ternms of virulence and
susceptibility that other animl nopdels like the
rabbit and the non-human pri mates doe not see.

The guinea pig, on the other hand, is
fairly resistant to toxin. And, as | said, it's
been used extensively to characterize the
pat hogenesi s of the disease and, in fact, to
elucidate, as well, the role of toxin.

And when it comes to imunizing with the
standard al um num adj uvant of the vaccine, you get

poor protection in the guinea pig against both
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cut aneous and you get very, very little protection
agai nst an inhal ati onal ant hrax.

[Slide.]

So, noving on to the rabbit: again, the
rabbit nodel used historically, way back, by the
Russians, as well; it was used extensively in the
U.S. and the U K until the guinea pig becane
popul ar--and cheaper, | woul d i magi ne.

It's--as | said--susceptible to infection
It's also sensitive to the toxin. Wen the rabbit
is imunized with the al um num adj uvant of the
vacci nes, you get conplete protection against both
a cutaneous anthrax and agai nst an inhal ati ona
ant hr ax.

And we have shown that the vaccine
efficacy is predictive of what occurs in the
macaque.

[Slide.]

So, nmoving on to the macaque: the
majority of the recent data has been collected in
t he Rhesus nmacaque. This was not necessarily true

in the '50s, '60s and '70s. Rhesus nacaques and



215
cynonol gus macaques were used fairly
i nterchangeably. Talking to the older scientists
to try and understand why that was--if it was a
difference--it appears to be it was just a supply
and demand. |If they had cynos they used cynos, if
they had rhesus they used rhesus. There was no
real scientific reason. And the literature--the
pat hol ogy at that time sort of bears that out.

The macaque is susceptible to anthrax and
is sensitive to toxin, as were the rabbits.
Everybody considers this the gold standard; the
nodel of inhalational anthrax. W do have
extensi ve pat hol ogy studi es--which, as | said,
range way back to the second World War. W
understand this disease. It is the one that we al
feel is the nost close to the human di sease, based
on the pathol ogy, the pathophysiol ogy, and the
i mruni zation with the al um num adj uvant of
acel l ul ar vacci nes--agai n, gives conplete
protection agai nst both the cutaneous anthrax and
i nhal ati onal anthrax.

[Slide.]
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So I"mjust going to present a little bit
of infectivity data in the guinea pig, the rabbit,
and the rhesus.

The rhesus--guinea pig, rabbit and nonkey,
here, having done with the sane spores, in the sane
pl ace, with the sane equi prent and everything--so
are fairly conparable. And | think that's
i mportant to keep in mnd.

We have 80, 000 for guinea pig, 110,000 for
rabbits, and 55,000 for rhesus macaques. Fairly
simlar.

Recently, Battelle did a cynonol gus

macaque LD 50 t hat

published, along with the

pat hol ogy. And they got around 62,000, with a
different preparation and a different area. So,

fairly consistent, in terms of LD
50s for the Ames

strain.

[Slide.]

So, noving on to--1ooking at conparing the
rabbit, the macaque and the human, a nodel is only
ever just a nodel. So there are always sinilarities

as well as differences to the human di sease. And
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the principal simlarities are the henorrhage, the
edemn, the necrosis, the Iimted cellular
i nflammatory responses. These sanme tissues are
affected in the three ani mal nodels--1 mean, the
two ani mal nodels and the human. And the systemc
findings are very simlar.

We have not done any recent extensive
pat hol ogy on the guinea pig, so do not--in the
context of these studies--know how simlar that is.

And, again, on to differences: as | said,
a nodel is only a nodel. And so there are
differences. And the lack of the | eukocytic
response in brain and nmeningeal lesions in the
rabbit; relatively mld nmediastinal |esions in both
rabbits and nmacaques. And then you see a | ower
i nstance of pneunonia in rabbits and rabbits and
macaques.

And this could, in many ways, be dependant
on the fact that these animals die at different
ti mes post exposure. The rabbit dies, on an
average, between two and three days post exposure.

They die very rapidly.



The macaque--in general, it's between one
and 10 days. However you do get outliers. They
can go out to three, four weeks, where they
normally die of meningitis at that tinme.

VWhen we conpared this to the human data
that was available at that tine, it was mainly
based on the Sverdl ovsk incident. And, based on
that, the human data that we could collect, it
| ooked like it conpared to 4.7 days post-onset in
t hose people. And the estimted days of
post - exposure was round 18.5. However, based on
the 2001 incidents, the tineline for the human
i nfection was nmuch closer to what we see in the
m d- Atlantic that the Sverdl ovsk incident gives
you.

[Slide.]

So just to sort of go through what are the
possi bl e reasons of why we're seeing differences
bet ween rabbits, macaques and humans coul d be the
host susceptibility issue, which is always there.
Survival tinme is a very inportant issue, as the

rabbits die very rapidly. And, in the nouse nodel
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we are seeing the exact same thing; the mce are
dead by 72 hours. And, based on the pathol ogy
that's been | ooked at to date, it's very sinmlar to
the rabbit nodel, and coul d be based on that
survival tine post exposure.

And the macaque data indicates increased
i ncidence of inflamuatory, CNS, nediastinal
pul monary and hepatic |esions as you get further
and further out from your exposure tinme.

[Slide.]

I"mjust going to go through a little bit
about vaccination and passive transfer. | think,
al though this is very nuch a therapeutic-based
di scussion today, | think in terns of immne
therapies, this is the foundation that the imune
t herapi es are based on, and | think it's inmportant
to expand and understand it in terns of the ani mal
nodel s.

So this is just to show you sonme data on
the guinea pig, the rabbit and the
macaque- - conparing them This is with an RPA

vaccine. This is showing that in the guinea pig,
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as | nmentioned, you get partial protection--at

best. This is a fairly low LD
50 chal l enge: 30

LD 50s. And you can see, you do not get
any

gradation in response with the PA, going from.5 to
5 to 50, you still just get--you don't get any
titration effect.

In the rabbit, you start to see a
titration: 9 out of 10 at 5, and 6 out of 10 at
.5, And then in the rhesus macaque, ful
protection, even down at the .5 mcrogram-well, 9
out of 10, which is pretty close--in the .5
m crogram of PA.

The points | want to nake about guinea
pi gs- - because we did not use guinea pigs as a
vacci ne nodel when working with alum num as an
adjuvant. But if you use other adjuvants in the
gui nea pig, the guinea pig is actually quite a good
model for vaccine efficacy. |It's the alum num
adj uvant in the guinea pig that gives you very
peculiar results; and, in fact, it is being used to
study several different types of adjuvants, and

it's very successful
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[Slide.]

So, as | said, in conclusion, we have
focused on the rabbit and the rhesus as the aninal
nodel s for vaccine efficacy, after |ooking at what
we know of the human di sease; what we understand
about vaccination of humans, protection of hunmans
with the vaccine. And it was based on the
pat hol ogy, as | said, as well as the response to
vacci nati on.

[Slide.]

And then, just a little bit of support for
usi ng antibodies. The in vitro correlate of
imunity in a rabbit nodel was elucidated to show
that antibodies to PA did correlate with survival
These are curves of aninmals that were vacci nated
with different doses--this of the |icensed vaccine.
These studi es have al so been done with the RPA
vaccine to show that antibodies to PA do correlate
with survival

[Slide.]

And then we went on and | ooked at passive

transfer of antibodies. This was done at -24 at
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zero time point. The animals were then chall enged

wi th around 200 LD
50s, and we got survival in the

animals with antibodi es TO RPA.

[Slide.]

And this is just showing the |evels that
were obtained in the animals, and all the aninmals
survived. So this helped to lay the basis for the
fact that antibodies do play a role in protection
of inhalational anthrax, and certainly would be
useful in terns of imune therapies.

[Slide.]

And, with that, | will close with
acknow edgi ng sone of the people who have
contributed to this body of know edge over the
years: a lot of people at USAMRIID, and our
col | eagues at the top.

[ Appl ause. ]

DR. WOROBEC: Thank you, Loui se.

I have the pleasure of introducing our
next speaker, Dr. Roy Barnewall, who's going to
tal k about the practical aspects of doing these

studi es; sone of the issues that arise in doing



aer osol chal |l enge studi es.

And Dr. Barnewall is a research |eader of
the Inhal ati on Systens Group at Battelle Menorial
Institute in Colunbus, Chio. And | want to thank
you for coming all this way to participate in this
wor kshop.

Ani mal Efficacy

DR. BARNEWALL: You'll have to bear with
me. We had a technol ogy problem

So, as Dr. Pitt just went through all the
di fferent nmodel s agai nst inhalational anthrax, |'m
going to give you an overview on how we do the
actual challenge for the inhalation, in primarily
the rabbit and the macaque nodel, so you can see
what's involved in sone of the technical issues
that can ari se.

Some of the topics I'lIl cover are the
i nhal ati on system and its conponents; the operating
paraneters--how we run it; the m crobiol ogy
support, because once we collect the sanple, it
needs to be enunerated; then sone of the factors

that can influence the delivered dose to an
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i ndi vidual animal; and then a little bit on the
exposure experience at Battelle in the years we've
been doing it.

[Slide.]

So, the inhal ation exposure conponents:
there's the inhalation system W also have
subconmponents where we can capture the aninmal's
respiratory paranmeters, such as tidal volunme, net
vol ume and respiratory rate. And we use the Buxco
bi osystem software. And then we al so do particle
sizing. We use an aerodynam c particul ar sizer
made by PSI |nstrunments, and we do this because a
function of where the spores will deposit in the
respiratory tract is a function of the aerodynam c
particle size. So we want a certain particle size,
and this instrunent will let us see that we've
generated that size

So, our inhalation system the design and
t he operational paraneters are nodel ed after
USAMRI I D' s inhal ati on exposure system And we did
this so we can try and get results that are as

conpar abl e as possi bl e because they' ve been the
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benchmark for over 20 years in this type of
research.

The systemis housed within a Class |1
bi ol ogi cal safety cabinet, of course, because we're
wor ki ng wi th dangerous pathogens. And, for the
i nhal ati on exposures, rabbits are done nuzzle-only,
and nonkeys--nmacaques are done head-only.

And our system generates a particle size
of one to two microns, which is the particle size
you want to get deposited to the alveoli. And we
generate our aerosol froma liquid suspension, as
opposed to a powder.

[Slide.]

So the conponents of the system-we have a
Col i son nebulizer. This generates the liquid
suspensi on of spores into the aerosol. |t goes
down a nmixing tube to the exposure chanber, where
the animal's head or nuzzle is. Wthin this
chamber we have a viable sanpling for collecting
sanpl es of the spores to enunerate for viable
counts, and we al so have the particle-sizing port.

We al so neasure tenperature and relative
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hum dity with a hunmdity probe. And we have a
bubbl er on the systemthat maintains our relative
hum dity between anywhere from 40 to 80 percent,
dependi ng on where we set it. And then we exhaust
the system

[Slide.]

And this is a schematic of the aeroso
system House air comes in, and it can be
separated off into a continuous dilution flow of
8-1/2 liters. And then a bypass flow of 7-1/2
liters--or, if we turn on the Collison
nebul i zer--again, 7-1/2 liters of our liquid
suspensi on of the bacillus anthracis is in the
Collison. It is jetted out ports on the Collison
makes the aerosol. It goes out of the Collison
down the mixing tube to the exposure chanber, where
an animal's head or nuzzle would be, to be exposed.
And this is also where we pull our A sample or
our particle size sanple, and then the reminder,
underneath the animal's head is exhausted out and
HEPA filtered.

We have a tenperature and humi dity probe,
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and then we can expose an ani mal.

[Slide.]

Qur house air pressure of the operational
parameters to run the system-our house air
pressure is about 30 PSI. Qur Collison three-jet
nebul i zer runs about 25 to 30 PSI--this is Collison
dependent, and we fl ow check and verify these
before use to get our 7-1/2 liters of flow These
typically generate a particle size of one to two
m crons of aerosol.

And then our dilution air is at 8-1/2
liters. We maintain the Collison air and the the
dilution air with mass flow controllers. These are
calibrated instrunents. And you dial in the liters
you want and it, by a restriction, it will let that
anount of air pass.

So our total flowinto the systemis 16
liters. And within the exposure chanber itself, we
mai ntain the pressure at slight negativity. W
measure this with a magnahelic, and this hel ps
mai ntai n constant flow through the system so we

don't get any stagnation.
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[Slide.]

Qur viable sanple collection occurs with
an all-glass inpinger, AG nodel 7541. This is
based on a critical orifice concept. |If we pul
the sanple at a certain pressure, we will get a
sanple rate of approximately 6 liters a mnute.
And before use of any AG, we flowcheck these with
a calibrated instrument to make sure our Collisons
are sanpling at the rate they' re supposed to.
Because if you assune a wong sanple rate in the
cal culation, you could over or under-estimte the
dose you deliver to an ani nal.

[Slide.]

To maintain our 6 liters a mnute
approxi mate sanple rate, we have to pull that out
of a vacuum of at least 17 inches of Hg. And then
our particle size collection, with the APS, we
sanple at 1 liter per mnute for 30 seconds, or 5
liters per mnute, if we use a diluter, for 30
seconds. So we don't take a particle size sanple
t hroughout the entire run, and this has to do with

you don't want to overload the APS. And so we take
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a very short sanple during the run.

[Slide.]

So, system checks--how do we know our
systemis operating properly? Qur mass flow
controllers are all flow calibrated. W send these
to an instrument lab that calibrates our mass fl ow
controllers. CQur AG--we flow check those before
use, and we use a bubble nmeter manufactured by
Buck, or another one called a gilligrator to flow
check all our AGs prior to use and make sure
they're functioning properly.

Qur tenperature and relative humdity
probe is calibrated. Again, our bubble neter that
we check our AGs with is calibrated.

We calibrate the Buxco systemfor the
respiratory paraneters prior to eery day's use.

And then the APS--we particle size check. W use
NI SD-traceabl e pol ystyrene | atex beads to make sure
it's reading correctly.

And then, one o the nost critical
conponents is before any day's use, we bal ance the

system So , we balance the inflowwith the
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outflow And if you had a | eak or something not
wor ki ng properly, you wouldn't be able to bal ance
your system

[Slide.]

So this is just a photograph of a simlar
systemthat's in our Class Ill's, but on a bench
top in one of our labs. So you can see, after al
that big line diagram they don't look all that too
sophi sti cat ed

[Slide.]

Qur pl et hysnography, as | nentioned--we
measure respiratory paranmeters such as the mnute
volunme, tidal volume, and we do this real-tine
during the exposure. So the time while that aninal
is being exposed the spores is the tine we're
runni ng the plethysnography so we can determ ne the
actual dose that animal receives.

We use the BuxCo biosystem software. The
animals go into a plethysnography box, which are
basically just seal ed chanbers that then we can
then attach a pneunotach and a transducer to, so as

that ani mal breathes, as he inhal es and exhal es,
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the change in pressure in the box fromthe
i nhal ati ons and exhal ati ons are picked up by the
transducer; they're fed to the software, and it's
converted to the data. And we validate the BuxCo
pl et hysnmogr aphy system So we tal k about GLP--you
saw all the conponents that we have cali brated.
And our plethysnography is validated.

Qur particle sizing is also validated
prior to use. Again, we use the APS made by PSI
I ncorporated. We do the particle sizing real-tine
during the exposure, but only for a small portion
of the exposure. And we've done multiple sanplings
for various lengths of time to show that if | take
a reading one mnute into a run, or 10 mnutes into
a run, ny particle size won't change. So it
doesn't matter if | only take one small sanple
during a run. | know it won't change.

[Slide.]

And, again, this systemis also validated
prior to use.

Now - so we' ve done an exposure. Now the

next key portion of this is to enunerate your
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vi abl e AG sanple, otherwi se you can't determn ne
t he dose that animl received.

We enunerate via the spread plate
technique. And, again, this is just seria
dilutions to get into a countable range. W |ike
to count between 25 and 250 col ony-formng units
per plate. And what do we enunerate? W enunerate
our nebulizer--or our starting material, because
that's critical to know, so you can base your
I ength and ani mal exposure. And there's up to
seven 1:10 dilutions to get the nebulizer materia
into the countable range, because we typically

start with 10
CFUs per m material as a

concentration. So we start with very highly
concentrated material .

[Slide.]

And our AG sanples are diluted usually
about five times at 10-fold dilutions. And then
the last three dilutions are plated in
qui ntuplicate to make sure we fall within the
count abl e range.

[Slide.]

or



Now, any of you who have any m crobi ol ogy
experience know the spread plate techni que can have
up to 25 to 30 percent coefficient of variation
At Battelle, nost of our mcrobiologists seemto be
alittle bit tighter, around 20 percent. But
still, that's a fairly wide variation if you're
targeting a certain dose, you can expect to al ready
see a range in your delivered dose, just based on
t he enumerati on of your viable sanple.

So, that will lead right into the factors
that can affect your delivered dose.

[Slide.]

Agai n, the spore enuneration variability
we just tal ked about; spore lots--not all spore
lots of the same strain aerosolize the sanme; and
then spore lots of different strains also
aerosolize differently. So, as we get different
material in for different tests, we nake sure we
characterize those spores so we know how they wil|
act in our system

And sone things that can affect spores in

the spore |l ot are clunmping and aggregations; how
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sticky the spores are. And if there's a | ot of
debris in the sanple or there's not.

They are notorious for adherence to gl ass
and plastics. So spores are not your usua
| aboratory m crobe.

The exposure tinme can affect your
delivered dose. |If you go--we used to go for tined
runs, up to 10 mi nutes--we used to do 10-m nute
runs. And then, so based on a 10-minute run, if we
had an animal breathing twi ce as nmuch as anot her
theoretically that animal would get twice the dose
as the other. So we don't do it that way any nore.

And, again, your AG sanple enuneration

[Slide.]

So here's an exanpl e of what can happen if
you just look at the variability of your AdQ
sanpl e.

If we assune this is the true sanple
concentration, and you convert that to an LD50
equi val ent, and then sonebody enunerates 25 percent

| ower than that nunmber, you get 150 LD
50s. And if

the next person enunerates on the high side--say 25
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percent--they enunerate out 150. So you could be
targeting for 200, and right away you coul d except
a range between 150 and 250 as your result.
And then the rest are just, you know,

hi gher LD 50 and then higher
per cent age.

So, when we report out LD
50s, everybody

wants to think, okay, | want to give 200, and
gi ve 200 exactly. And that's never the case. W
al ways give a range.

[Slide.]

Anot her thing that can affect the
delivered dose is spore foam ng. Sonme things that
can cause the spores to foamin the Collison is if
the pressure is too high. [If I'mrunning higher
than, say, 25 to 28, if | bump it up to 30 or 40,
can rmake mny spores foam

Different |ots have nore foam ng than
other lots, and that's one of the reasons you
characterize it, so you can take that into account.

And al so, the Collison tip mght be too
deep in the fluid Il evel of the Collison jar. Wen

you use a Collison nebulizer we |ike to keep the
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tip around 2 to three mm bel ow the depth of the
fluid line. And if you put it in too deep you
don't get recirculation of the material well, and
so you don't aerosolize as many spores.

[Slide.]

This is an exanple of spore foaming. This
is during a run. You can see--so what happens is,
the pressure causes spores in the liquid to becone
sucked up through the bottom of this tube, and then
there's little--there's three holes about at this
| evel around this dip-tube, where they jet out.
They i npact upon the side of the jar. The one to
two-m cron spores becone part of the aerosol and go
up out of the jar down the mxing tube, and |arger
particles and clunps fall back into the Collison
jar to repeat the process.

[Slide.]

And this looks like real thick m |k here,
but when you turn it off, you can see it |ooks like
your latte foam on your coffee.

[ Laughter.]

And what happens is when it foans |ike
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this, it would go into the suspension to
re-aerosolize and go back up out the jet to help
aerosolize it. So it foanms out of suspension, and
it artificially lowers your concentration in your
jar so you don't aerosolize as many as you thought
you woul d have

And so that's one of the factors you want
to try and mnimze or elimnate.

[Slide.]

And now this is just a little bit on our
aer osol exposure experience. |'ve been at Battelle
for five years, and in that tinme |I've worked, with
the hel p of Louise Pitt and the fol ks at USAMRI I D,
to get our aerosol up and running. So this is the
data over that last five years--all sumed up into
two slides.

[Slide.]

This slide is for rabbits. It gives our
target dose we were trying to hit during any
particul ar study. The actual nean that we
delivered during the experinment, with the standard

devi ation, and the high and the [ ow, and the nunber
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chal I enge.

And so here we were shooting a target of

20 LD 50s. Qur nmean was 17. 8;
st andard devi ati on of

7, with a low of a 5 and a high of 44. And we did
84 ani mals, overall

At 50 LD
50 target, we get 50 average, with

a standard deviation of 32, a |ow of 28 and a high

of 168, and only 19 ani mal s done.

[Slide.]
And t hen, of course, at higher LD
50s.
And
we' ve done many nore ani mals at higher LD
50s,

because nobst of our studies have been vacci ne
efficacy studies, and we like to target 200 or nore
LD 50s in nost of those studies.

[Slide.]

So you can see we've done few number of
rabbits in the last five years. And the systemis
very reproduci ble. Once you know how to use it,
you can fairly closely hit the desired target you
want, and with a fairly tight standard devi ation
But you can see, with the tight standard devi ati on,

we still have a fairly wide overall range that we
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hit.

So you can expect to see sone aninmals that
get a lower than you target, and sonme that get a
hi gher dose than you targeted. [It's not like, you
know, dissolving a toxin in a solution and then
injecting it, where you can be very precise.

[Slide.]

And then this is our rhesus macaque dat a,
and a little bit of cyno data.

Agai n, shooting for 20, we were pretty
close--a little bit high; give 28, with the
standard deviation of 12, in a fairly tight range.

We shot for 50 LD
50s; gave 49.5, with a

standard devi ation of 25. And we've done 30 that
way.

And cynos--again, fairly close to what the
target was, and a fairly noderate range.

And, again, you know, you can see we've
done a fair nunmber of rhesus or macaques in
general ; not quite as nmany rabbits. But, again,
nost peopl e save the rhesus study for their pivota

study, and they're not cheap
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[Slide.]
And this is, again, a chart just |ike
before, to show that we are as close to the mark as
ot her institutions when doing aerosols. Again, the
papers where these cane from-these all cane from
the published literature. And here's a study where
they didn't tell what they were targeting, but they

gave a nean of 8 LD
50s with a standard devi ati on of

3. Again, no range--what you saw from ours--the
range, the low and the high will be a little bit
hi gher and | ower on each end.

[Slide.]

Anot her one where they targeted 50--or
don't know the target. Mdst likely they were
targeting 50, and they gave 50, with a standard
devi ation of 28--sanme as ours, practically.

And then here they gave 93, and with the
standard deviation of 63. So they were probably

shooting for 100 LD
50s.

[Slide.]
And here's anot her paper where no mean or

i ndi vidual animal. They just said the range was
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from 255 to 760

[Slide.]

And then a recent publication where they
were targeting a certain dose. They gave anot her
with a fairly average standard deviation. So,
again, to show we're just as reproduci ble as al
the other labs. And, again, since our systemis
based off theirs, it's very reproducible.

[Slide.]

And that's it.

I'd like to thank our collaborators and
acknowl edge USAMRI I D, and the fol ks at N Al D, and
then others at Battelle that so graci ously have
been the study directors on these, and not ne.

[ Appl ause. ]

Panel Di scussion

DR. WOROBEC: What |'d like to do is now
have the panelists proceed to the podi um and take
their seats. And |I'mgoing to introduce one
addi ti onal panel menber who did not present: Dr.
Martin David Green, who is the current Associate

Di rector for Pharnacol ogy and Toxicol ogy for ODs 1
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and 6 at CDER

He was fornmerly the Branch Chief for
Clinical Pharmacol ogy and Toxicol ogy in the
Di vision of Clinical Trial Design and Anal ysis at
CBER, and he has al so done a |lot of the research on
pyri dosti gm ne when he was in the nmlitary--and
truly is an expert on animal efficacy studies for
ant hrax and other agents of counter-terrorism So
we're lucky to have him

And | will actually now-1"mgoing to
actually open this discussion session sonething
that's really, | think, to ne, at the heart of the
topi c that keeps coming up, with trying to design
ani mal efficacy studies.

It is likely that antibiotic therapies or
ot her types of therapies against anthrax will be
used in conjunction with antibodi es and perhaps
ot her classes of agents. As we have seen, there
are lots of new classes of agents being devel oped,
and it's possible that what we will ultimtely have
are cocktails of agents that could be used--perhaps

ot her additional immune-based or anti-toxin
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t her api es.

What |'d like to address to all pane
menbers, and even nenbers of the audience, are:
what are the paraneters--the critica
paranmeters-that you feel--neaning the |ength pf
protection or survival, whether there needs to be
eval uation differences for dose chall enges that
woul d be critical for evaluating clinica
effectiveness in animl efficacy studies? How
woul d you envi sion designing such animal efficacy
studi es where you have nore than one therapy being
studied in order to identify the correct timng and
dosi ng of your therapy for, a) the post-exposure
prophyl axis indication and b) for the treatnent
i ndi cation.

And of those of you who do have experience
in trying to design such studies, what types of
probl ems have you encountered?

It's a huge question, but | think it
really gets at the heart of the matter of the
difficulty of designing these types of studies.

So what are sort of the mnimal critica
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paraneters that need to be studied in designing
ani mal efficacy studies?

Anybody?

[ No response.]

No takers.

DR. PITT: | guess I'll start by saying
there's no perfect study. And every--dependi ng
on--1 think the first decision is what do you want
the therapeutic to do--obviously--and then the best
study design cones after that.

In terms of combinations, each individua
conmponent's going to have to be understood before
you nove on to conbinations. And one woul d hope
that by doi ng each of those individually, you would
then have a better idea about timng for your
conbi nati on protocol

DR. WOROBEC: So you think that they would
need to be studied first individually, then
conbi ned and then studi ed together as one product?
O would it be sufficient to study each
i ndi vidually, show that they're better than a

control, for instance--
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DR PITT: | think that will depend on
what you want your product to do.

DR, WOROBEC: Okay.

DR. SCHRAGER: Yes, | think--just
secondi ng what Louise said--in ternms of the
i ndication, | think anong the npbst commopn mi st akes
or problens that we see in subnissions are
submi ssions that state that the intervention being
studied is being planned for one type--one specific
i ndi cation--say treatment--and then seeing that the
studi es as designed actually, at best, address
post - exposure prophylaxis, and in sone cases really
don't even get there, and are given at or jut
before the tine of exposing the animals to the
agent, and so woul d best be classified as studies
of pre-exposure prophylaxis. And that's sinply not
treatment.

So, you know, being as specific as you
can--and realistic as you can--with your
i ndi cati on, and then matching your studies to that
indication | think is really inportant.

The other thing is: in terns of basic
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know edge, you know, we've seen a | ot regarding
ant hrax, but | mean--sonebody correct me if |I'm
wrong--but |'mnot aware of studies that, for
exanple, will tell you when in the course of an
ant hrax exposure toxin starts to be produced by the
organi snt you know, particularly if we are getting
into the real mof studying antitoxins, it would be
nice to know whether or not we're giving those
i nterventions before ore after we're expecting to
have toxins being produced. And if those studies
don't exist, it would seemthat sonebody ought to
do them

| guess anot her study--another kind of
i ssue--and |I' know it's cone up in discussions of
the i ssue of vaccination for anthrax, and
vacci nati on and how a vacci nation woul d potentially
i mpact duration of antibiotic adm nistration--which
is aterribly inportant operational issue when
pl anni ng for potential post-event interventions.
How | ong do spores remain viable in the ung? How
I ong do they renmin viabl e--under nornmal

situations, how long do they remain viable after



you start antibiotics and then withdraw then? Ho
Il ong m ght they remain viable after vaccination?
W're westling with these issues now. But these
are studies that need to be done to better
under st and, and better design studies.

DR. WOROBEC: Okay.

So, your take-hone nessage to a certain
extent that we don't have all the information
real |y about pathogenesis that we'd really like to
have to really in some ways design these types of

studies at this point in tine.

DR. SCHRAGER: Well, it gets back to what,

you know, | tal ked about with the plague issue.
You know, we didn't know what pneumnonic pl ague
actually | ooked |like. W know it caused bad
disease in the lung, but in ternms of really

targeting a point--designing a point for

i ntervention, and saying that we are going for--not

for post-exposure prophylaxis, but we are going for

a treatnment indication, we wanted to have a sense
of what that nmeant in the ani mal.

So, Louise did the study. W found when
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the ani mal s went bacterem c, devel oped--you know,
synptons; how the synptons correlated to the actua
signs of disease, and used that information for, |
think, a pretty accurate deternination for our
st udi es.

I don't think we can do that yet with
ant hr ax.

DR. WOROBEC: Okay.

DR. GREEN: | think part of the issue that
you' re perhaps getting at is: how much rigor and
how much careful consideration given to issues such
as the performance of studies under GLP has to be
given to answering what can be extrenely
conplicated and resource-intense questions--

DR. WOROBEC: Mm hnm

DR. GREEN. --such as determ ni ng whet her
something is synergistic or additive when used in
conbi nat i on.

And | think, as was earlier mentioned,
that it's inmportant to understand i n what
therapeutic setting the intervention is going to be

used, and basically reverse engi neer the process.
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That being said, | think that various
types of studies should be--can be considered in
terms of their nature, in terms of their
criticality, in terms of the nunmber of resources
and types of studies that are done.

So, for exanple, a study which combines
all the elements that approximtes the hunman
situation mght be done under GLP, and other
studi es--maybe | aboratory and not done under
GLP--m ght providing supporting information which
woul d minimze the resources, but provide a
scientifically correct--or scientifically
appropriate answer to further understand how t hese
agents work together or singly.

So | think the way to |look at this issue
is to break it down into conponent parts to
deternm ne what aspect of the problemhas to be
resolved with what degree of resources, rather than
havi ng a conprehensive single solution to every
qguesti on.

DR. SCHRAGER: And can | just--

DR. WOROBEC: Mm hnmm



DR SCHRAGER: --and | agree with that.
But taking that one step further, | think, if I'm
standing in the shoes of a drug devel oper, or a
bi ol ogi cs devel oper, and |I'mthinking of an
intervention--particularly in the nore conplicated
case of treatnment, rather than post-exposure
prophyl axi s--and particularly if there is the
potential of using it in combination rather than
individually, | think that's a perfect exanple of
the kind of question that you need to talk to the
revi ew di vi si ons about before you start designing
your studies--or as you're designing your studies.
Because it's hard to answer. |It's a very
conplicated question to answer here, you know, in a
conference. But it is sonething that we in the FDA
woul d very much | ook forward to interacting with
you who are devel opi ng these interventions, and try
to hash out, to nake the process as efficient as
possi bl e.

DR. GREEN. Well, let nme state sonething
as a followon. | think that it's a wonderfu

practice to come to the agency and there are people

250



251
there in various parts of it who can help in
vari ous aspects of it.

But | think that it is a necessity that
peopl e who are beset situated to develop facts to
hel p others like the FDA to devel op an approach
have an obligation to provide data and an approach
for which coments can be given. It is not going
to be a terribly useful exercise to cone,
essentially, de novo to the agency. Therefore,
meetings like this are really essential to people
to anticipate what are questions, and to get the
data, and then, many tinmes, the interaction between
the agency in terms of reviewi ng divisions, will be
much nore fruitful

DR. WOROBEC: Okay.

Al right, | have a question. This is
coming fromClaire Daiquitz in CDC--to Dr. Pitt--a
guestion on the Animal Rule.

How many ani mal species should a product
be tested in? What are the species? And do you
have references that you can provide for the data

that you presented?
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DR PITT: | think that first part is an
FDA questi on.

DR. WOROBEC: | think it is, too.

DR. PITT: [Laughs.]

DR. GREEN: | was hoping for an answer.

[ Laughter.]

Well, the answer is, | think people have
to use--again, this is a question of |ooking at the
science as we know it, understanding that that may
change.

One of the--the provision of the Ani mal
Rule that's critical is that sonmething is being
gi ven, but sonmething's also being asked. And
what's being given is approval w thout the benefit
of clinical studies. And that is the standard that
one woul d expect--and understandi ng not having that
standard essentially places an obligation to nake
up for the shortcom ngs of that.

The idea of testing in nmultiple species is
that if it is true of nmultiple species, it is nore
likely to be true of human beings. And the smaller

t hat dat abase is nmade, the nore endangered that



conclusion is--unless there are offsetting factors.

So, for exanple, if you know that human
bei ngs are responding to various virulence factors
or pharmacokinetic relationships, and that is only
met by one animal species, then it's safe to
conclude that if it's true of one animl species
it's likely to be true of human bei ngs.

If animal species are inperfect, then a
combi nation to overlap, or make up for deficiencies
is inportant. As a rule of thunb--as the rule
states--two species are normally thought to be
appropriate. And this is, in part, based on the
fact that, as a rule, for many toxicol ogy studies,
the predictability of findings made in
non-| aboratory and | aboratory animals will be 80
percent--70 to 80 percent--as a mnimm-well, 70
to 80 percent, oftentinmes, in terns of their
findings, in terms of how they translate into the
clinic.

That's obviously not good enough, and
therefore there nay be a requirenment for additiona

speci es beyond the two. Exactly the nunber should
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be driven by the science and by the understandi ng
of the various factors that relate in the
situation.

So it's very difficult to cone up was a
standard rul e.

DR. WOROBEC: Okay. | have a question
that comes back--in the first panel, one of the
panelists referred to Phase 2 and 3 studies. How
do Phases 2 and 3 relate to a product being
devel oped under the Aninmal Rul e?

I think I could actually discuss some of
that. | think what they were tal king--they may be
tal ki ng about clinical studies, which is a separate
issue. But in terns of aninmal studies, what
they're probably referring to are sone of the nore
advanced ani mal studi es such as establishing PK/ PD
rel ati onshi ps, and also what we call the "pivota
efficacy studies"” that would be used for
licensure--1 think some of the early studies we
like to refer to as "proof of concept” ani nal
studies. And it's, to nmy know edge, virtually

i mpossible to go straight into a pivotal efficacy
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study for these types of products, unless I'm
m ssing sonmething. There's too many unknowns, and
trying to pick the doses, etcetera, and
under st andi ng t he pharmacoki netics pretty much
dictates that usually this type of drug devel opnent
does have its own distinct phases--albeit, these
studi es are being conducted in ani mals.

DR. SCHRAGER: Yes, | think that--just
echoi ng what you're sayi ng--what the Animal Rule
does is really create a different paradigm You
know, we're so used to tal king about "pre-clinical"
and "clinical" as synonynobus- -

DR. WOROBEC: [ naudible.]

DR. SCHRAGER: --with "animal," "human."

And then once we talk "human," then we can talk
"Phase 1, Phase 2, Phase 3."

But in the Animal Rule, the preclinical is
the clinical--at some point; preclinical becones
the clinical. Because that final key efficacy
study is not going to be done in hunans.

Now, where it does becone rel evant--the

"Phase 1" term nol ogy does becone rel evant, because



obviously you're going to need to get your safety
data from humans. But ot herw se, the |anguage
becormes a little bit different under the Rule.

DR. WOROBEC: | have a question for Dr.
Pitt--actually, | have a question nyself. It has
to do with non-human primates nodel s--pi cking
bet ween rhesus and cynonol gus nonkey. This cones
up with our discussion with sponsors--which should
you study?

What are your opinions on this? As the
preferred ani mal nodel, or non-hunman prinates nodel
that best mimcs human inhal ati onal anthrax?

DR. PITT: Cynos versus rhesus.

As | said in presentation, the nost data
that's been done in the last, say, 14 years, have
been rhesus nmacaques--other than the recent
experiments at Battelle with the cynonol gus
macaques. But if people go back and read the
literature, the early efficacy studies were done in
cynonol gus macaques. Brachman's studies were
cynonol gus macaques.

So, personally, | don't believe there's
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much difference. But | have not seen a
head-t o- head study done recently--

DR. WOROBEC: Mm hmm

DR. PITT: --with cynonmol gus and rhesus in
a vaccine trial, or--1 think there would need to be
a sort of--some type of pivotal head-to-head study
to--

DR. WOROBEC: Resolve the issue--

DR. PITT: --resolve the issue, because
t he macaques that were used 40 years ago had
different health issues, different standards were
applied. And that could probably be clarified in a
head-t o- head.

DR. WOROBEC: Okay.

DR. SCHRAGER: 1'mgoing to go ahead and
ask a question of one of our panel nmenbers. And
I"d like to ask Dr. McCornmack a question

If | were nowtrying to devel op an
intervention for potential review under the Ani mal
Rul e, and | had not done GLP studies before--1'd
come froma | aboratory where that's not what we

did. And it seenms like a pretty intimdating



process. And |I'm wondering how to do that.

Coul d you--you did bring it up in your
talk, but I was wondering if you could potentially
re-enphasi ze, or be nore specific about what
specifically would | do to get sone of those kind
of questions answered?

DR. McCORMACK: Cut ne off by 6:00.

[ Laughter.]

Assunming this | ab has never done
non-clinical |aboratory studies for regul atory
pur poses; they have no infrastructure whatsoever
That is a task that will require sone tine.

First step is managenent has to make the
determ nation that they want to be engaged in that
type of work, and they are going to put forth the
resources to do the training, to validate the
equi pnrent, to hire the quality assurance
prof essionals that need to be there to do the
internal nmonitoring of the I aboratory.

How do people get started? That's a
fairly frequent question. The agency doesn't have

resources to do--we don't do "pre-inspections," for
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exanple. W have to rely--because we don't have
the resources, we recommend that people search and
seek out a quality assurance GLP conpliance
consultant to work with them to help themwite
their procedures; to guide themthrough the steps
they need to develop the infrastructure, to becone
a conpliant |aboratory.

And many of these consultants are quite
good. And oftentinmes what they'Il do is do
a--essentially--nock inspection of the facility as
FDA woul d. Qur procedures are transparent.

They' re published. And people pretty nmuch know how
we conduct inspections. And they can go through
the facility and evaluate the facility and its
procedures, and its equipment, and its managenent
organi zation to deci de whether that facility can
conduct a study to be conpliant with the
regul ati ons.

But, again, it is a quality nmanagenent
system So it's really the infrastructure of the
| aboratory that you have to organi ze and devel op

And the whol e concept behind GLP is that the agency
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wi |l never have the resources--1 nean, these
deci sions were made in the '70s--to go out and
audit ever study that's ever subnitted in support
of an application.

There are thousands of tox studies, and
now there will be many studi es done under Efficacy
Rul e. So we devel oped this regul ati on--devel oped a
system of internal monitoring--that a quality
assurance unit that conducts the interna
moni toring of that quality managenent systemthat's
the eyes and the ears of the testing facility
managenent, to give them feedback on how the
facility is operating.

Qur role in the process is essentially one
of nonitoring the nonitor. W go out and check
whet her that quality systemis, indeed, functional
If the quality systemis functional, then we can
believe the product of that quality system -we
don't have to audit every study that comes to us.

If that quality systemis functional, then we can
believe that the data that is com ng fromthat

| aboratory, that's conming fromthat quality system



is, indeed, high quality data, and has integrity.
And we can al so spot-check individual studies, and
we do a nunber of--many, nmany audits. But it is a
smal | percentage of the total number of studies.

DR. WOROBEC: Anot her quick question for
Dr. McCormack: does FDA have any specia
requi renent for the SOPs of GLP? And how and when
shoul d we contact FDA to check our facility's SOPs?

DR. McCORMACK: Okay--the first part of
the question is are there any requirements on SOPs?
The regul ation does list certain areas where you
have to have--1 think it's about a dozen--areas
where you have to have SOPs--standard operating
procedures are required by regul ations.

The actual construct of standard operating
procedure is left up to the facility. And we have
an inventory of roughly 250 to 300 | aboratories.
And how peopl e manage their standard operating
procedures is probably different in every
| aboratory. And it's really up to the, again,
testing facility managenment to deci de how they're

going to wite their SOPs, how they're going to
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revise them who's going to wite them what the
content should be, what the level of detail should
be. That is all left up to the testing facility
management and the organi zation to decide that we'd
| ook for--there are certain areas that they have to
have SOPs, but it doesn't address the content.

And | think the latter part of the
guestion was what | just touched on: is we do not
do "qualifying" type inspections. Laboratories
conme into our inventory and our inspectiona
process when we receive data fromthat |aboratory
in a research or nmarketing application--or we
become aware that that facility is doing work
within the scope of the regulation by sone other
means. You know the | aboratory sonetines calls us
and says, "We're getting into the GLP business. W
have a study we have contracted for x, and we're
conducting that work ,and we want to be inspected
because that hel ps us denonstrate our |evel of
conpliance." And | aboratories enter our inventory
in that manner, as well

DR. WOROBEC: W have, actually two sets



of very excellent questions. |1'll read the first
one first. It comes from Joanna Cl ancy of Antex.
It's more for Dr. Barnewal l

In pul nonary infection studies, have
USAMRI | D and/ or Battelle used other strains of
bacillus anthracis other than Anes?

The second part of that is: do spore
preps fromthe different strains have differences
in aerosolation to aninmals?

And the third part is: how are the spores
typically prepared and standardi zed for these
nodel s?

So the first one is: have other strains
of bacillus anthracis been studi ed, other than
Ames?

DR. BARNEWALL: At Battelle we've
primarily used Ames in all our studies. W haven't
used Vol um or any others. | know they have that at
USAMRI | D.

DR. PITT: At USAMRIID we've used Vol um
1-B and Anes for efficacy studies. W have al so

| ooked at geographically diverse strains, and
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whet her they protect--they are protective--I nean,
the wong way around--whether the vaccines are
protective agai nst these geographically diverse
strains. And we have done that in guinea pigs,
rabbits, and non-human pri mates.

DR. WOROBEC:. Are the spore preps
di fferent when you--you know, fromthese different
strains? Do you have any information on that,

Loui se?

DR. BARNEVWALL: It would be too long to go

into, but all our lots of Ares at Battelle we try

to characterize. And it's a very |long process, but

we try to make every batch as sinmilar to the |ast
bat ch.

DR. WOROBEC: Okay.

DR. BARNEWALL: And we go through a
process of characterizing those, where we | ook at
debris, and virulence plasnmids to see if they're
all there to make sure that what we used at one
time was the sane as what we're using today, so
that we're certain that the strain hasn't changed

with tinme.
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DR WOROBEC. Ckay.

The next question conmes from Martha W1 de
of Al exion.

Wth the high-law variation that you see
in inhalational spore doses given, is there a
correlation with results when protection is being
exam ned? In other words, is it the high dose
outlie that is responsible for one out of 10
animal s' dying in what mght be a protective dose?
O the lowend outliers surviving even in a
control ?

DR. BARNEWALL: No, there seems to be no
correlation with survival--or death.

DR. WOROBEC: Okay.

I"'mgoing to let the gentleman with the
m crophone ask a question

DR. LOWEE: Hi. Thank you. Israel Lowee,
from Met er ex

I'"d actually like to follow up on that
| ast question. But, in general, | have a couple of
guestions that, as a conpany trying to devel op an

agent for use we're really, | think--many of us are
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seeking kind of clarity fromthe regul atory
authorities as to what would be required.

So, in the service of that, one question
for Dr. Barnewall: you presented a |ot of data on
ani mal s' bei ng exposed to a whole range of LD

50s,
from20 up to 200. And, presunmably, nmany of those
experinments involved just control animals that were
not receiving any intervention

It would be really helpful, I think, to
sort of see what the curves of survival are across

t hose ki nds of LD
50s, because one question that

comes up all the time is what LD
50 shoul d one use?

| mean, 200 LD50s is 200 tines the |ethal dose for
50 percent of the aninmals. And |I've seen sone
things on the website of the N Al D saying, well

they think sometinmes they'Il need 1,000 LD

50s.
It's not clear to me why that differentia
woul d be required.
So, as a first step, it would be hel pfu
to see what constitutes a reasonably acceptable
standard LD 50 to apply

in these studies.

A second question is: in terns of |ooking



at therapeutic studies, these questions about, you
know, when--trying to determ ne when toxin is being
produced. | think one can infer fromthe fact that
one sees protection at a certain point with
anti bodies that target toxin, when that issue is
becom ng relevant. But in terns of trying to
devel op a therapeutic study, would it be just
reasonable to go ahead with starting cohorts of
animals that get treated at successively later
times, rather than nonitoring ani mal s--you know,
around the cl ock--and deciding when they have a
fever. | don't think we have animal |CUs there
where we can do that kind of intensive nonitoring.

So those are the two questions.

DR. BARNEWALL: The first question, on the
dose- -

[ Pause. ]

--can you repeat your first question?

[ Laughter.]

DR. LOWEE: The question was: you showed
a wi de range of |ethal dose--or w de range of

exposures, from 20 LD
50s- -

267



268

DR. BARNEWALL: Oh, yes. We--

DR. LONEE: --up to 200. So what's the
experience, in terns of what it does to the course
of disease? They're asking about what the natura
history of the course of disease is. You' ve
just--that's a very inportant piece of data that
woul d be useful to be shown, and presumably it's
fromcontrol animals; it's not giving any
proprietary data.

DR. BARNEWALL: That data would be able to
be shown. We'd have to get perm ssion from whoever
the sponsor was. Again, it's proprietary data.

But, information that we do have that
shows, again, the disease course is the same at--if

you give--in a naive animal, very |low LD
50s versus

very high LD 50s. And

DR. LOWNEE: So what's the rationale for
gi ving 200 versus 20?

DR. BARNEWALL: Historical. [1'Il let
Loui se handl e that one.

[ Laughter.]

DR. WOROBEC: | can interject on that.
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Part of it had to do with the issue of variability.
If you recall, for that 200 to 300 dose, some of
the animals got 43. And we know, historically, in
some of these studies, these animals can end up
being survivors. And for this type of a study what
you really want is a hundred percent--killing of
all the--

DR. LOWEE: So you want a hundred percent
of animals getting a m ninum -

DR. WOROBEC. In the control groups.

DR LOWEE: --LD
50 | evel --

DR. WOROBEC: Yeah.

DR. LOWEE: --of some val ue.

DR. WOROBEC: Yeah. And the other issue
that comes up is a whole experience in 2001 with
the anthrax--the mail scare--that it was deterni ned
that the anpunt of spores that were on those
letters were in the thousands range. So there's
di scussion that, in the event that something |ike
this could occur again, it's possible that the
doses that would be adm ni stered woul d be very,

very high, and there should be sonme sort of data
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out there that gives us an understandi ng about
protection or treatnent in the very high dose
range--realizing, though, that these types of
studies are very difficult to do technically
because of the whole clunping issue.

So we're sort of in a bind with than in
trying to pick a dose that we think is sufficiently
hi gh- -

DR. LONEE: O this--

DR. WOROBEC: --to kill all the ani mals,
yet we can deliver nmore consistently spores in
these types of studies. So there's--

DR. LOWNEE: What about the therapeutic
nodel experinment? Can you conment on that?

DR. GREEN. Well, | would just like to go
along with what Alex said. | think |ooking at
whether it's 200 or 1,000 in some ways is right on
the point, but in some ways m sses the issue. The
issue is to have a reliable determ nation of the
clai mof preventing death. And as we saw t hat

there is a range around all these LD
50 estimates

whi ch can be wide. And, on top of that, there's
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al so a sanpling problem since you're not at one
time--even if you're using it under one facility at
one time in the sane way that you would do a nouse

or arat LD 50
experiment, getting a group size with

sufficient nunbers of animals, all done at one
time, to really have reliability.

So each one of those LD
50 estimates is, in

a sense, taken from a popul ation of LD
50 esti mates,

each of which has a range around it that m ght have
occurred because of the sanple.

So | think that those--wanting to nake
sure the decision is correct, and given that it is
what is feasible to challenge the animals at a very
hi gh | evel and not endanger the concl usion, the
nost conservative and best way of approaching the
answer of getting the correct answer is to
chal l enge the systemto the greatest extent
possi bl e.

And if | can just go on to the next
guestion, again, as was nentioned earlier, it
depends on what people are trying to prove. |If

they're trying to say an intervention should be
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used upon evidence of fever, they have to nonitor
their animals and devi se experinent contingent upon
that, because the instructions for use will be
based on that.

If they're making a claimin the end that
it's going to protect under other circunstances,
and it sinply prevents or offsets death, then
that's a different claim and a different
experimental design is necessary to support that.

DR DRESCH:. Stephen Dresch, Forensic
Intelligence International

Much of the discussion of--specifically of
ani mal nodel s has taken place nore or |ess by
anal ogy; that we have a nunber of aninal-related
studi es that deal with such things as, for exanple,
the efficacy of vaccines or of antibiotic
treatment, but very few focused on the nonina
subj ect of this workshop, and that is essentially
toxi n-oriented therapy.

Is it true that, in fact, we don't have
prior experience in this area? |Is there no

experi ence we can draw on from for exanple, the
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Sovi et bi oweapons progranf

Dr. Leppl a--yes--established The
Washi ngton Post as a legitimte source to cite.
Accordi ng to The Washi ngt on Post, some very
substantial work on antitoxins has been done at the
Rodopl at research laboratory in South Africa by a
veterinarian scientists, Dan Gusin.

Do we know anything at all about the work
el sewhere in the world, sone of which appears to
actual ly have taken place, focused on precisely
this topic. And is there anything we can draw from
that as we try to go forward fromit?

DR. GREEN. Let me start out and say |I'm
sure that there is experience and evidence that
exists in the world in different ways. And that
evi dence and that experience is used in sonme ways
to design new studies and to gui de approaches to
i nterventions.

I think that the question that is at
issue, really, is: given that experience, can it
be converted or used in a way to suit the purposes

which are ultimately of interest here, which is to
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provi de therapies to the nation, and for situations
that could possible occur due to bioterrorism

And to do that, there is another standard,
and that is a standard for proof of efficacy. And
t hat proof of efficacy is a very high standard
because it has got ram fications in nany ways.

So | think the answer is: |like a |lot of
situations faced for therapeutics, it depends upon
the issue at hand. And where there's a need to
circunvent what would be normally expected
standards, there are ways of goi ng about that.

One of the things we haven't tal ked at al
here are the regulatory issues that allow
t herapeutic agents which are consi dered
experinmental to be used under INDs. And the agency
is mking its way to use enmergency authorization
provi sions, as well as experinmental |NDs which
al l ow these therapeutics to be used in a setting
which legally and by society we think is
appropriate; that is, with informed consent if
possi bl e, or waived if necessary. But with proper

noni toring, which experience has indicated is a



very inportant conponent in not only treating

i ndi viduals who need it, but also in the follow up
to those individuals, if we | ook at the experience
of pyridostignmine, for exanple, it was used in
various settings such as Kosovo and so forth, and
the question of its inplications in terns of Gulf
War Syndronme and in other settings were also

i mportant.

And | think, as best as can be done,
people in various federal agencies, as well as out
in society in various aspects, try to use those
experiences, as you've nmentioned, in an appropriate
way.

DR. GURELIC: Yes, Ken Gurelic, from
Enzybi oti cs.

I'd Iike to ask a question about

devel opnent of therapeutic agents for anthrax. |'m

tal ki ng about agents that would be intended not at
all for post-exposure prophylaxis but, rather, for
peopl e who woul d be hospitalized with synptomatic

di sease in the event of an attack

The ani mal nodel s that have been di scussed
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here have been thoroughly discussed in ternms of the
exposure, the spore, the system the

standardi zation. | haven't heard anything about
the actual clinical manifestations occurring in

ani mal s.

In a clinical setting--for a human
clinical trial it would be very obvious. You can
do a sepsis trial, you can do a pneunonia trial
because these things are well established in
humans. | haven't heard anything to tal k about, or
to help ne design studies in animls that woul d
help to treat synptomatic anthrax

| do know sonme of the nodels that have
been di scussed here, the animals are infected with
the agent, and the next thing that's clinically
apparent is death, which is a little late to treat.

So |I'd like to hear some data about ani mal
nmodel s and the way they could be used for the
treatnment of synptomatic anthrax infection.

[ Appl ause. ]

[ Laughter.]

DR. SCHRAGER: Yes, | think you're
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basically saying what | tried to say just a little
bit ago: that that particular issue of treatnent
of anthrax in an animal nodel is one where there's
a lot of information that's just not there--as far
as | know, and as far as you know, as wel |

And this gets into what the other
gentl eman had just asked a coupl e questions ago
about, you know, what woul d be necessary for a
devel oper? Does each devel oper, then, have to do
natural history studies and nonitor in animal | CUs,
you know, the status of the animal?

And | think the answer is that we would
all be better served if there could be natura
hi story studi es--again, drawi ng on the kind of
study we did in African greens and plague. Well
maybe it's time for a study of natural history of
anthrax in African greens, and in nmacaques, and in
cynos.

And, you know, those data are published,
and then they provide the tenplate--that's the
target. There's your information. And then you

can design those studies around them
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Is that answering your question?

DR. GURELIC. | guess, you know, the
thrust of ny question cones to: you know, we've
heard reference to, you know, one nmjor
phar maceuti cal manufacturer that is working in this
area, but nmost of the conpanies represented here
that 1've talked to are not |arge conpanies. |
heard sonmebody quote the cost of a single cyno
study on the order of two to three nillion dollars.
I suspect the cost of a sufficiently large study to
establish a natural history in nmonkeys is going to
be beyond the resources of the vast mpjority of
conpani es that are devel opi ng novel therapeutics
and, frankly, if I were a |arge conmpany and | were
doing that study, I'd want that to be ny
proprietary information, since |I'd invested the
nmoney in doing it.

| hear of a great deal of work being done
at USAMRIID in a variety of things. | here that
the NIH is now getting nmore actively involved. And
I woul d wonder, then, if these data are not

avail abl e, are there plans to conduct these studies
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ina timeframe that would hel p us get drugs
approved within the next two years?

DR. WOROBEC: Anybody fromthe NIH want to
comment ?

[ Pause. ]

DR. SCHRAGER: | think Judy Hewitt's going
to be coming to the mcrophone.

DR. NEWSOMVE: |'m Ed Newsone from N Al D.

Very good questions. | nean, for
treatnment we don't have data, but we are doing a
| ot of post-exposure prophyl axis ani mal nodel
devel opnent, which really is not conplete yet, in
both rabbits and nonkeys. To the extent that will
be made avail abl e--public--1"mnot prepared to say
right now. But we are making quite an investnent
in that area, and we hope that these nodels will be
much better characterized--hopefully, by the end of
the year is kind of the timeframe |I'm | ooking at
for post-exposure.

But that will also have overlap in
general. | mean, just the inprovenent of these

nodel s will apply to everyone, whoever wants to use
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facilities. | mean, at sonme point this information
will be published, and | think it will becone
general know edge. Quite frankly, right now, we
don't have the final answers.

And then just another general point |
want ed to make here--because we're kind of
transitioning fromani mal nodels to human testing.
And the basic underlying concept here has been
danced all around, but | think I'll try to say it
more directly: the Animal Rule is really about
people. If you look at the major conponents,
al nost everything refers to people. So you have to
know what's going on with your product in people.

So to me, that neans you need to get it in
Phase 1 as soon as possible. [If it's an inmune
product, you need to be thinking about
pl asma- pheresis at Phase 1. If it's a
smal | -nol ecul e, a drug, you need to get extensive
PK dat a.

So then--to answer the initial question
fromthe panel here--what should the paraneters in

the ani mal nodel s address? Many of those
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paraneters are driven by what you know about what
happens in people. So | think that's an underlying
concept. It's fairly straightforward, but | think
it's one we need to keep in m nd.

DR. WOROBEC: W have tine for one | ast
qguesti on.

DR. NAST: Dr. Merrill Nast, addressing
these remarks to the FDA, and Dr. Schrager

I think the Animal Rule needed to be
witten, and as witten is excellent. But | think
that the way FDA has applied it for pyridostigm ne
brom de licensure, for instance, is not proper
because it was used in a vacuum

Al t hough you provided information that's
been avail abl e for decades on the pathogenesis of
nerve agents, and explained how this drug will work
perfectly in the setting that you described, that
in fact is not the setting in which it has been
used in the military.

Mlitary people used it for serin--not
soman--where it may, in fact, potentiate the

problem People were aware that there was no soman
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inlrag. It was used in conjunction with other
things, including pesticides, jet fuel, etcetera,
whi ch have been shown--in now approximately half a
dozen different studies fromseveral different
institutions--that the use of these other things at
the sane tine potentiated the negative effects.

And so, the licensure ignored that data.
And, | mean, you're still the FDA, and you have to
be clinical and use your head, and make sure that
this product is going to be used in a way that's
effective and safe.

For anthrax, the rabbit and the nonkey
nodel s are excellent in many ways. But the rabbit
and the nmonkey are both al nost certainly nore
susceptible to getting the disease anthrax, and
i muni ze better than the human. And therefore
testing vaccines or drugs in those two ani mal
nmodel s will probably nake the efficacy of the drugs
and vacci nes | ook better than they will, in fact,
be in the human nodel .

And | think that conundrum needs to be

resol ved before you go on to licensing using that



dat a.

DR. SCHRAGER: Okay. | can--1 think--1'm
certainly better prepared to answer the anthrax
gquestion than the pyridostignm ne broni de question

And, you know, for anthrax--1 mean,
clearly, what everyone wants are safe and
ef ficacious treatnents--interventions. That's what
we want. Everybody wants it. Now, the question is
how best to get there under the circunstances that
we have.

For anthrax, you know, we've heard a
nunber of presentations about the aninmal nodels.
The approvals for cipro and doxy were inportant for
i nhal ati onal exposure. And, you know, as--clearly,
we'd like--if you believe that the ani mal nodels
were problematic, that were used as the basis for
those approvals, | guess we can draw sone degree of
confort fromthe actual reality of the experience
in the October 2001 mailings, where upwards of
10, 000 people were deened sufficiently exposed to
requi re post exposure prophylaxis, who were

obvi ously asymptomatic. And of those 10,000 or so
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peopl e, exactly zero got sick
Now, sone of them al so got vacci ne. But
some of them possibly were exposed to hundreds, if

not thousands, of LD
50 of anthrax when they opened

the envel opes in the Senate office buildings.
So--you know, we don't know exactly know
precisely how good it is, but it was pretty good.
So | think we can all draw some confort fromthat.
You know, for the pyridostigmn ne bron de
experience, |'mjust going to have to say: |
wasn't here for the--I don't know the history of
it. And I'mwondering--Brad, do you want to say a
word or two about what--add a comment about the
nature of the approval and the applicability
of --the issues that were being raised?
DR. LEISSA: Brad Leissa, Center for
Drugs, Division of Counterterrorism VWen | finish
with ny statenents please, if you have any as well
All 1 can say to that is that there's a
long history with pyridostigm ne brom de, and that
the way the product is labeled is that it was

i ndi cated specifically for its use in soman. |
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can't address the issues that the person raised
about its use with serin.

But with anything that is either approved
t hrough the accel erated approval regul ation, or
t hrough the Animal Rule, there is the understanding
that not everything is known about how a product
wor ks, froma safety and froman efficacy
st andpoi nt .

Therefore, what is incunmbent on any
product that goes through that, is that there needs
to be a commtnent for Phase 4 studies to better
understand how this product is positioned and how
it should be used.

So, there is never the belief that
everything is answered when a significant anount of
the data cones fromeither aninmals or from other
surrogate markers. And one does the best they can
with the type of data that they have, and where one
has the authority, the regulatory ability to make
t hose deci si ons.

So--David, do you want to say anything

nor e?
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DR FRUCHT: Wth regard to serin, the
2-PAM and atropine are quite effective agai nst
serin intoxication. Soman is a particularly
difficult threat agent to treat, because of the
agi ng phenonenon, and that is specifically why
pyri dosti gm ne was devel oped: to address that
particul ar aspect of that OP toxin.

Wth regard to any approval, it's always
subject to the conditions that it was tested and
| abel ed for. And as FDA knows, that even any
regul ar approval based on clinical experience is
limted once it is used in ways--in the genera
public, either because of the nunbers of
i ndi vidual s or their conditions that m ght be
unf or eseen.

I think that your point about due
di li gence being incunbent in recognizing potentia
interactions is a good one. And | think to the
best that people can, given that this is a noving
target, that they will try to study the potentia
interactions to denonstrate whether there's a

safety issue, or loss of efficacy issue, or sone



relation to efficacy that is not fully appreciated.

In the case of pyridostigmne, there were
many, many studies that were conducted, although in
t he absence of field exposure of threat agents, to
try to understand potential interactions being
pyridostignmne in a variety of mlitary situations.
And there were many physiol ogi cal studies that were
submitted to the file and are referenced in the
open literature as well, that denobnstrate to that
fact.

And as Brad was indicating, recognizing
that a story is never conplete, there--inherent in
the Animal Rule is a requirement to do
post - approval studies under field conditions, and
to make a good faith effort to collect data that
m ght hel p better understand both safety and
efficacy of it in real use

DR. WOROBEC: | want to bring up just one
question and point, that's sonething for the
audi ence and al so for panel nenbers to think about.

We tal ked about efficacy, but the other

flip side of this is evaluating safety, also in
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ani mal s.

W Il reprotox, carcinogenicity studies be
required for these types of products? Just
sonmething to think about.

DR. GREEN. Well, those are safety
aspects. And they can be done. So--yes.

DR. WOROBEC: All right

DR. GREEN. But they would be done in the
same way that any approval would be, given the
popul ation and their ration of use.

DR. WOROBEC: Okay.

Al right, | think we're going to have to
wrap up this session. And | want to thank all the
panel menbers and the presenters for their
excel l ent talks.

[ Appl ause. ]

DR. VEISS: |'mjust going to have Dave
Green stay here, because he's on the hot seat
agai n, next.

That was a very, very lively discussion,
this |l ast session; raised a | ot of questions and,

think, highlighted a lot those still yet to be



eval uated, and a |l ot that we don't know.
PART |V - Human Testing

DR. WEISS: W're going to be noving,
then, into the next phase of this conference, and
that is the section that deals with human testing
that needs to be done, certainly in conjunction
with the animal efficacy testing. And then, to
kick off the session, after he gets replenished
here with some water, is again, Dr. David G een.
You al ready heard his introduction, so | won't do
t hat again.

But, Dr. Green--please.

Clinical Pharmacol ogy and the Devel oprment of

Products for the Treatnment of Anthrax
DR. GREEN. Thank you, Karen.
[ Pause. ]

I think I'mready. Okay.

Well, good afternoon. Today |I'mgoing to

very briefly go over sone of the aspects of
clinical pharmacol ogy as related to the Ani nal
Rul e, and hopefully |I will give you sone idea of

the regul atory perspective that is incorporated in
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the Animal Rule with regard to the need to conduct
clinical pharmacol ogy studies with an idea of
under st andi ng, basically, safety, and building the
bri dge between ani mal studies to the potentia
goal s of getting approval for the clinica
situation.

[Slide.]

So, basically, there's two parts to this
presentation: one is that the clinica
phar macol ogy aspects work within a framework which
is the regulatory environment for approval, and
they also provide a framework in terns of
establishing rel ati onshi ps between the ani ma
findings and potentially what will occur in the
clinical situation.

[Slide.]

Now, in building the framework based on
clinical pharmacol ogy data, we have three basic
i ssues that we need to consider, and they have an
interrel ati onship between them which you'll see in
a diagramat the end. And that is that the drug

aspects of it; the patient aspects of it; and the
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i nfectious organi sm aspects of it.

Now, one advantage of working within an
environnent of clinical of clinical pharnmacol ogy
aspects of it. Now, one advantage of working with
an environnment of clinical pharmacol ogy is that
al t hough we demand a lot fromit, we have the
potential of getting a great deal of infornmation
out of it. And in some ways we need that
i nformation to study popul ati ons which will not be
easily accessible, or in fact will just have to
make the best faith estimates in terns of dosing
and regi mens that would provide them benefit, based
upon ot her human--extrapol ati ons to human
popul ati ons; specifically, those which have
i mpai rments of renal or hepatic function, or
pregnancy, or juvenile states, or geriatric
popul ations. And, inmportantly, as we nentioned
earlier, considerations for drug-drug interactions
t hensel ves, in regard to therapeutics wll
of tenti nes be approxi mated through clinica
phar macol ogy studi es.

[Slide.]
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Now what's that framework that clinica
phar macol ogy works within? And that is basically
the provisions for approval which--1 think key
words and wel |l -controlled ani mal studies, as cited
inthe Animal Rule. And let's |ook at those
aspects of "adequate and well controlled" to better
under stand what aspects of clinical pharnacol ogy
will be | ooked at.

One of those we've al ready nmentioned:
that is, looking at suitable subjects. And we've
tal ked about the advantage of studying clinica
phar macol ogy because we'll gain a great deal of
i nformati on from studyi ng, perhaps, a norma
popul ati on and then perhaps extrapol ating that data
to other populations also of interest.

But in the next points--that is,

m nimzing the potential for bias, reducing
confoundi ng factors--those two aspects bespeak a
scientific quality which becone part of the
under pi nni ngs that clinical pharnmacol ogy studies
will provide. And that is, there's a high

scientific standard that's required for approva
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under the rule--the Animal Rule. And the clinica
phar macol ogy studies, in essence, validate that we
do understand this appropriately.

One of the aspects of understandi ng that
we have not had any bias introduced into the aninal
ef ficacy studies, and we've reduced confoundi ng
factors, is the appearance of a well-behaved
experinmental nmodel. And that is a chief source of
probl ems, and has been for pyridostigm ne--and that
is, when our expectations are not realized and
animals that we expect to survive die, and ani mals
that we expect to die don't die, due to reasons.
And perhaps clinical pharmacol ogy will provide an
avenue to explain these things in a way that makes
a consi stent whole out of the data.

Anot her aspect under the definition of
"adequate and well controlled" is it permts a
gquantitative evaluation. And clinical pharnmacol ogy
conmes to us in terms of providing dose-response
rel ati onshi ps.

"Uncontrol |l ed studies that are

corroborative and supportive" essentially means
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that all the studies that were done--in this
i nstance, perhaps non-G.P--all point in the same
direction; so that the literature, when analyzed as
a whole, is consistent.

And as | nmentioned, | think that the
framework for effectiveness of the animal studies
for clinical pharmacology is, in part, based on the
mechani sm of action; that is, the prevention of
injury or death and the therapeutic effect. This
mechani sm of action, to the extent that it's know
and understand--and that can be a sinple to a
conplicated rel ationship--will becone the vehicle,
in terms of the collection of data, the type of
data, that we will have to establish in the
animals, and then use to establish that it also
occurs in people; and al so be proportionate in
terms of response.

So, again, the clinical pharnmacol ogy
endpoi nts provide that bridge between the ani mal
speci es and hunman popul ati ons.

A problemwith this, obviously is that it

can be well understood in one nodel --one
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speci es--and |l ess well understood in a second
nodel . Yet it's incunbent in the rule that we
establish it in perhaps two or nore cases,

t herefore increasing the chall enge.

So the bridges that clinical pharmacol ogy
hopes to span are between | aboratory ani nals and
humans. But, also, within |aboratory animals, in
terms of cross species, and between groups of
ani mal s; between intra-subject, if you will, in
t hose ani mal popul ations. And the di scordances
bet ween these events--that is, one strain varying
in terms of its responsiveness, or one ani mal not
responding in the way that we expect, are
significant inpedinments to making a concl usion that
we understand fully that we do have an efficacious
nodel , without exception, that can be applied to
the clinical situation.

But besi des these interrel ationships and
bri dges, we expect that clinical pharnmacol ogy, if
properly used, will also allow us to consolidate
the data--no matter what the route of

adm nistration that was used, what the dose that
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was used, and what the dosing reginen that was
used.

There are two basic intellectua
constructs that are instilled into the use of
clinical pharmacology within the Animal Rule. And
they are: the use of surrogate markers, as in
accel erated approval, and therapeutic drug
noni t ori ng.

Now, clearly, the Animal Rule is not
accel erated approval. And the use of clinica
phar macol ogy end points is not a surrogate marker.
Nevertheless, | think it's instructive to realize
that there are elenments, in terms of the scientific
rigor, that are thought about in terms of a sum

that are inbedded into the concept of using
clinical pharmacol ogy end points to create these
bridges. And | think it's inmportant, historically,
to point out that pyridostigmne was originally
consi dered under accel erated approval, using
surrogate marker of acetyl cholinesterase

i nhibition. And when the Animal Rule was

avai | abl e, then converted to the ani mal approval,



which it is today.

I mportantly, for the use of clinical
phar macol ogy end points that has conme fromthe
surrogate marker literature is causation; that is,
it is not the best standard to use a clinica
phar macol ogy end point which is not necessarily
i nvol ved. You should use one which is necessarily
i nvol ved in the mechani smof action. That is the
one to choose, in terms of using a bridge fromthe
animal studies to the clinic.

And anot her aspect is proportionality;
that is, dose response. And, historically, this is
one of those backstops to naking sure that we have
a valid conclusion--proportionality. And in this
case, dose response.

When things go awy, it is usually due to
a dysjuncture in the theory. And that is, after
all, what we're creating: a theory of what we
believe will occur.

The other aspect is the therapeutic drug
monitoring. And fromthis literature, into the

clinical pharmacol ogy bridging, we have an enphasis
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on rel ationships and predictability with regard to
efficacy and toxicity; an enphasis on anal yti cal
met hodol ogy and the inportance of assays and
sanpling time; and mathemati cal characterization
And, as | nentioned, the relationship to be
under st ood, both sinple and conplicated--the
mat hemati cal relationships may be sinple to
conpl i cat ed.

Therapeutic drug nonitoring also brings to
us target levels, both in terms of using dose and
dosing regimen, to achieve those target levels. 1In
the case of infectious agents, oftentinmes it's the
floor effect that we're I ooking, in terns of the
m ni mum i nhi bitory concentration, and we need to
think about it in terms of whether it's
concentration-dependent, or concentration-dependent
mechani sns.

Otentines a ceiling for these approvals
will be nore related to the tol erance of human
beings in the setting and the field setting that
they'll be found in, and this will cone fromthe

safety data in relationship to the drug exposure.
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[Slide.]

This idea of performance bands--that is,
ceiling to floor in terns of its effect--again runs
into trouble when we cannot--when we don't have a
wel | behaved or consistent theory; that is, when we
have treated ani mals whi ch shoul d have drug
exposure, and they don't seemto survive, or
conversely, we have chall enged ani mal s who shoul d
have died by don't die, or we can't denonstrate
that they died for the reasons that we believe.

And a logical out of this situation is not
to enphasi ze the individual, because those wll
range in terms of sensitivity both to the threat as
well as to the therapeutic agent, but to enphasize
the group response.

Neverthel ess, there are additional aspects
of clinical pharmacol ogy that we shouldn't forget,
and that is we'd like to know exactly what's goi ng
on at the site of pathology, which will be
difficult to understand, but m ght be accessible
t hrough other studies, such as the PK-PD nodeling,

or by distribution studies. And, of course, we'd



like to know that it works in every instance that
we think the challenge may arise, and that would be
captured in ternms of various isolates.

Now, | mentioned there were three basic
factors that we can think about in terms of
devel opi ng your concept to fit all our clinica
phar macol ogy together. And those include patient
factors, drug factors, and infectious organi sm
factors.

Host factors we can sinply lay out, and
have been nentioned by earlier speakers. They
i nclude the route of infection, the ability and
i mportance of various host defense mechani sis;
pat hophysi ol ogi cal pat hways; signs and synptonms of
illness; as well as pharnmacoki netics.

Phar makodynami cs aspects mi ght be the
affinity and intrinsic activity of the therapeutic;
mechani sm of action, as well as the toxicity of the
drug.

And, in terns of disease factors, or
di sease organi smfactors: virulence, the type of

i sol ate, propensity to germ nate, and expression of
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virul ence would all be factors.

[Slide.]

Here is the conceptual nodel that 1'd Iike
you to think about. And, luckily, I didn't have to
develop this nmodel. This nodel can be consulted
and | ooked up in Applied Pharmacokinetic. Evans is
the editor for it. And you'll find it in Chapter
15.

But | think as you think about creating
desi gns and devel opi ng a drug devel opnment plan to
devel op these agents--these therapies=--using
clinical pharmacology, | think this is a usefu
nodel to begin to put the pieces of the story
t oget her.

The other tasks that you shoul d pay
attention to include drug-drug interactions,

i ncl udi ng vacci nes and hyper i mrune gl obulins, and
i mportantly, is to consider whether we're talking
about a fixed conbination or sonmething used in
conjunction with other therapies, inconpetent

t her api es, and whether we're asking, or we need to

ask the question as to whether additivity,



synergi smor antagonismis the issue.

In conclusion, this has been a brief
i ntroduction into the subject of clinica
pharmacol ogy. | think that you'll find that it's
an inportant and integral part of any application
using the Animal Rule. And | w sh you good | uck
wi th your endeavors in that regard. [Laughs.]

[ Laughter.]

[ Appl ause. ]

DR WEISS: Thank you very nmuch, Dave.

And now | would also like to introduce Dr.

Davi d Ross, ask himto come up to the podium and
give the second talk in this section. Dr. Ross is
going to be tal king about just issues in clinica
safety testing in healthy volunteers.

Dr. Ross--1 have the pleasure of
sayi ng--has now joined me in nmy office in the
Center for Drugs as of April. He's an infectious
di sease doctor. He trained at Yale University.
And |'m very happy that he's actually joined nme and
works with me very closely at the FDA, and has

agreed to give this talk.
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Ceneral Considerations for Safety Testing
in Heal thy Vol unteers

DR. ROSS: Thank you, Karen.

| am acutely aware that | amall that
stands between this audi ence and a caffeine
infusion. So |I'mgoing to try to be concise, but
al so thorough. I'mcertainly going to achieve the
former. If | fall down sonehow in the latter, then
pl ease ask ne to anplify things during the pane
di scussi on.

"Il give you an overvi ew of how we think
about clinical safety testing at FDA, and how we
t hi nk about the design of clinical safety studies.

And |'mgoing to go through a nunber of
aspects of these, ranging fromeffects, to how nany
peopl e shoul d be studied--or how we shoul d think
about how many peopl e should be studi ed; how we
shoul d think about who shoul d be studied; what we
shoul d study them for; how to pick doses and
regi mens; and then what sort of data we need to
capture, analyze and present; and then, finally,

tal k about post-approval safety assessment.



[Slide.]

I'"mgoing to be tal ki ng about a nunber of
general principles, and I think it's inportant to
remenber why--1ike everything that we've been
tal ki ng about today--this is really a dial ogue
bet ween everyone involved in this endeavor. So it's
not--this is certainly not the end destination.

And I'd just like to echo Dr. Schrager and Dr.
Green in terns of saying that we really, really
want to work with the devel opment conmunity, and
we're very anxious to have productive discussions.
And we think that that will be one result of--or
one inportant result of this conference.

So, the Key points that | want to bring
out--and I'mtrying to keep it shot and sweet,
because | know -1 certainly amsuffering from
caf fei ne deficiency right now

[ Laught er. ]

Just to echo what people have said before:

the Animal Rule requires clinical safety trials, in
addition to the efficacy studies done on ani nals,

in order for an application to be approved. And
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the FDA review-and really, FDA thinking--focuses
not so much on risk, but what is the equation
between risk and benefit?

And then, finally, designing safety trials
centers, a) on describing risk accurately; and who
the agent is going to be used for, and what it's
goi ng to be used for

[Slide.]

There's a lot of different audiences for
safety data: patients, providers, public health
comunity, various regulatory agencies, the
devel opnent comrunity and the public policy
conmunity. And they all bring their own conceptions
and perceptions and, sometinmes, nmisconceptions to
what safety is.

Actually, if | could suddenly wave a magic

wand, | nmight do away with the word "safety."

Because | think really what we're tal ki ng about is
"risk assessnment.” | think it's inmportant to keep
in mnd, for exanple, that the npbst conmon cause of

drug-induced liver failure in this country is an

over-the-counter drug--acetan nophen. But is it



safe? Well, it depends what you nean by "safe."
It certainly has risks associated with it. W
consider it safe enough for over-the-counter use.

[Slide.]

So, really, the goals of "safety"
eval uation are to describe risks; what sort of
ri sks; what their incidence is--and I'mgoing to
keep focusing on this issue of incidence and
quantitative risk description, not in the sense,
necessarily, of precise risk description
nunmerically pinpoint with precision, because that's
not possible, but certainly quantitative.

And we get that from a nunber of sources:
ani mal toxicology and structured clinical safety
studies--which I'Il talk about nore in a mnute.

[Slide.]

Ri sk-benefit assessnent, which is really
center. And I'll expand on that in a minute. Risk
managenent --identifying risk factors for toxicity,
and then ways to mitigate or minimze that risk.
And then |l ast but not |east, comrunicating risk

And we think about this in terns of products, in
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ternms of the package insert, for exanple--black box
war ni ng; for investigational products,

i nvestigators' brochures; and for nmarketed products
where new toxicities emerge, "Dear Doctor" letters

and FDA advi sori es.

I want to enphasize that although I'm
going to be focusing on safety and ri sk assessnent
i nsofar--tal ki ng about NDA and BLA review, these
same sort of principles may very well be applicable
to risk assessnent in the |IND phase, or under
ener gency-use circunstances.

[Slide.]

Okay. So what do we factor in, in terms
of risk assessnment and risk-benefit assessnent?
Well, first and forenost--to echo what's been said
before--what is the agent going to be used for? W
bring a much different perception to an agent for
athlete's foot, versus one for invasive
aspergillosis. Wat is our estimte--and, ideally,
gquantitative estimate--of the treatnent benefit,
either in terms of survival benefit, number needed

to treat or prophylax, if we're tal king about a
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prophyl acti c indication?

Who's going to be exposed to this? In
terms of nunbers, and the makeup of the popul ation
If we're tal king about a popul ati on exposure that
is on the order of thousands, our risk-benefit
equation may be much different than if we're
tal ki ng about, for exanple, an anti-mcrobial that
may be prescribed for tens of mllions of courses a
year.

How adequate is the safety data-base that
we have to describe risk in the real-world
popul ati on? Anda this gets not just to the
accuracy of safety and risk descriptions, but also
t he precision. How nmuch uncertainty is there?

My brother's a business consultant, and
he's told ne that he hates uncertainty.
Quantifiable risk he can deal with, but he hates
uncertainty. And that's--1 think in terns of
saf ety assessnment, is a good way to think about it.
There's always risks, but we want to have as little
uncertainty as possible about them

What are the risks of other products for



the sane di sease? One indication, for exanple, for
priority reviewis if you have an agent which is
substantially safer in terns of an inportant
toxicity than existing agents.

VWat are the risks of structurally simlar
conmpounds?

And, finally, how able are we to
comuni cate risk via |labeling?

[Slide.]

I think a central issue is that if there
are greater risks for a product, then greater
benefits are required to justify those risks. And,
conversely, greater benefits justify greater risks

Anmphoterecin carries a substantial risk of
nephrotoxicity in any patient who gets it. But we
tolerate that risk because it is |live saving in
i nvasi ve aspergillosis and other serious m coses.

It's inportant to remenber that during the
course of devel opnent or product life-cycle that
the risks may change. You can see new risks in new
popul ations. And then as you get to |arger

popul ati ons and | arger exposures, rare risks
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energe. And these may change the benefit-risk

equation. O they may not. W may say the

benefit's still there. The risks have energed.
But we still think things support use of this
product .

Benefits may change. They mmy decrease in
si cker patients, or in less sick patients. And
it's inmportant to renmenber that efficacy in trials
that are carefully controll ed and done under--|I
don't want to say "ideal" circunstances, but under
| ess chaotic circunstances than the real world, is
al ways greater than effectiveness in the rea
wor | d.

Just as an exanple of this, | want to
consider TNF receptor fusion protein, which was
studi ed for septic shock sone years ago. And
peopl e are probably famliar with this story, but
this was a therapy that was effective in animal
nmodel s. It was reasonably safe in healthy human
volunteers. So this is really sort of the data
base that we would be | ooking at for an Animal Rule

approval in some respects.



And then it went into pivotal trials, with
the theory being that as you give greater and
greater doses, it would have a greater and greater
effect on nortality fromseptic shock. And that
was correct, but not quite the way people thought.
It increased nortality in patients; that as you
gave nore of the agent, the patients were |ess
likely to survive

And the point of this is not that we
shoul dn't have the Animal Rule, or that we can't
extrapolate. It just neans that we need to have a
health respect for the limts of extrapolation. And
we need to always be open to acquiring new data
about efficacy and safety.

So, how do we think about reviewing a
safety data base at the FDA? What do we | ook for

[Slide.]

And this is a very quick sunmary.

We first think: where's the data conming
form? We |look at controlled trials, uncontrolled
trials, case reports--for exanple, fromthe

MedWat ch system And these data may cone from a
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current application or from previ ous experience
with the drug.

We try and characterize the safety
popul ation, in terms of its various
characteristics. W |look at the control group. W
want to know what the extent of exposure was--both
in terms of doses and, ideally, in terns of the
phar macoki neti cs.

We | ook at clinical adverse events,
rangi ng fromthe nost serious--death and serious
AEs whi ch are, of course, the major risks that may
of fset benefits--through discontinuations and then
non-serious AES. And we try and characterize these
quantitatively and also say "Is this sonething that
is a chance even that just happened to be
tenporarily associated? O is there a real causa
connection?"

And in terms of seriousness, is this
sonet hing reversi ble or irreversible.

Finally, is this sonething where the risk
is spread evenly throughout the study popul ation

or the potential intended population, or is it
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sonething where it's restricted to a particul ar
ri sk group?

We | ook at | aboratory data, |ooking at
nmeasures of central tendency to conpare groups, and
| ook at outliers.

And dependi ng on the class of drugs, or
bi ol ogi cs, there are specific risks:

i mmunogenicity, for macronol ecul es; hepatotoxicity
and QT prol ongation are exanples of two possible
toxicities for smaller nolecules; and drug

i nteractions.

[Slide.]

Under the Aninmal Rule safety has to be
established for approval, by which we nmean clinica
safety. And this is established as for non-Ani mal
Rul e NDAs or BLAs. And no FDA tal k woul d be
conplete without citation of the CFR. So those are
the rel evant sections.

It's also required for approval s under the
Ani mal Rul e that post-nmarketing safety and efficacy
studi es be done in patients with the di sease, when

they're ethical and feasible.
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[Slide.]

So the sort of general questions that we
t hi nk about when we're trying to advi se sponsors
about safety testing is: what should be done when?
How many subj ects should be studi ed? Who should be
studi ed? Ewhat dose should you start at? How high
shoul d you go? What toxicities should be exanm ned?
And how shoul d the data be anal yzed?

So those are the goals; the question we
want to answer.

[Slide.]

The problens are generally: nmaking sure
we describe risks accurately--and in a | ot of ways
this can be much nore difficult than describing
efficacy in a popul ation; detecting rare but
seri ous events; assessing causality; and then,
finally, extrapolating to who's really going to get
the drug out in the real world.

The specific chall enges under the Animal
Rule: at no point in the clinical safety testing
programis there going to be any benefit to

volunteers. And that's not conpletely unique to



the Animal Rule, as I'Il show you in a mnute. But
it certainly is sonmething that conplicates things.

W won't have any data on drug-di sease
interactions. And as you saw fromthe data | just
showed on TNFR fusion protein, you can get some
nasty surprises in terms of those sort of
i nteractions.

W won't have PK-PD data in ill patients,
and we know, in a variety of venues, that
phar macoki neti cs and phar nakodynam cs can be
different in ill subjects conpared to healthy
subj ect s.

And, obviously, it's the increased
uncertainty about the real risk-benefit bal ance is.

So what are the kind of factors that we
need to take into account when we're thinking about
desi gning studies in healthy volunteers?

[Slide.]

And |'m going to go over each of these
areas: ethical issues, mnimzing bias, sanple
size, who should be studied, in ternms of study

popul ati on; what kind of evaluation should be
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pl anned? And picking the dose and regi nen.

[Slide.]

Let me start with ethical considerations.
It's inportant to remenmber at every stage that
there's no benefit to healthy volunteers. And this
is certainly front-and-center on sponsors' radar
screen. Certainly, for traditional drug
devel opnent prograns, and certainly in Animal Rule
programs. And it's inportant to renmenber that
there are other sorts of devel opnent progranms where
you have health volunteers exposed to potentially
toxi c nedications. Anti-infectives are one
exanple. There certainly are others. Not every--|
mean, we think of oncol ogy, where we're not going
to give very toxic drugs to healthy subjects, but
there certainly are other areas--as | nentioned,
anti-infectives, where we start out with healthy
vol unt eers.

But because there's no benefit, risk
mnimzation is critical. And witten inforned
consent is central. And "infornmed" is really

i mportant here. It's inportant that investigator
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brochures be as conplete and accurate as possible
so that investigators can obtain truly informed
consent from subjects.

The investigators really have to know what
they're doing and be commtted to subject
protection; be confortable and experienced--or at
| east know edgeabl e about good clinical practices;
and understand what's required of them under GCP
and protocol

| RB approval is obviously a key part of
this process. And, in sone settings, a data
nmonitoring conmttee may be hel pful, especially if
you have a blinded trial

[Slide.]

In terns of making sure that we're getting
an accurate risk description, it's inportant to try
and mnimze bias. There's a lot of potentia
mechani sms, Probably the mpst inmportant is that
you' ve got nultiple adverse events that could occur
that are going to be described differently by
different investigators or patients.

There's uncertainty about whether an AE is
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due, for exanple, to a particular agent. There are
simlarities between AES or different
mani f estations of the same AE. These all create
problems in terns of saying, "Wat is the rea
risk? What is it's real frequency?"

There's a variety of measures that | think
can be extrenely helpful in ternms of mnimzing
bi as: having a concurrent placebo contro
group--in sonme settings, of course, an active
control may be needed, but having a control group
as a check on frequencies is inportant;
random zation; blinding;, pre-specifying safety
definitions and eval uations; and foll ow ng GCPs.

[Slide.]

Now, let nme get to a central question
How many patients should be studied in a safety
trial? And this is really a question for which
there is no good general answer. But let ne take a
stab at some general principles that hopefully wll
be hel pful.

I think the first question to ask--just to

echo what Dr. Green said earlier--is: who's the
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i ntended popul ation? In other words, what's the
i ntended use? 1s this a prophylaxis popul ation
where you're going to be giving it to many health
subj ects? Are you going to be giving it in a mass
casualty setting? O do you anticipate relatively
few sick patients? Because, as you remenber from
nmy risk-benefit slide, that's really going to drive
how we assess risk and benefit.

For the intended use, and the intended
popul ati on: what serious event rate is clinically
acceptable? As | said earlier, a larger benefit
may support a higher risk. Conversely, |ower risks
may be unacceptable if they outweigh the benefit.
Anti-neopl astics are anmong the nost toxic drugs we
have, but they renmain on the market because they
have a huge benefit. On the other hand, there are
pl enty of drugs that have been yanked because they
have toxicities that nmay be |l ower, but their
benefit--certainly conpared to other agents that
were avail abl e--outwei ghed the risk. [|I'm
sorry--the risk outwei ghed the benefit.

| think it's inmportant to remenber the



potential popul ation exposure. Even if you have a
very low nortality rate, if you're giving an
agent--associated with an agent--if you're giving
it to a lot of people, you can have a substantia
nunber of deaths.

[Slide.]

And then finally, the acceptable risk may
depend on conparison with other treatments. |In
terms of saying "what is that clinically acceptable
ri sk? And what do we need to do to detect it?" the
rule of three is helpful. And this is just a rule
of thumb that many people are famliar with, saying
that if you want to exclude an event occurring at a
frequency of at least 1/N, with 95 percent
confidence, you need to | ook at 3N patients. So if
you want to find an event that occurs at a rate of
1 in 100, you need 300 patients. And I'll anplify
on that in a mnute

And sone of the caveats about this are:
it assunes that you have a very | ow background
event rate; you have a reasonably | arge sanple

size; and that the sanple that you're looking at is
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representative of the population that you're
interested in.

So, for exanple, as | said, if you want to
detect an event with 95 percent confidence, that
occurs at a rate of 1 percent, you need about 300
patients--roughly. |If you don't see any events in
that 300-patient sanple, you can be
sure--confident, sorry--with 95 percent confidence
that that event does not occur at a rate of 1
percent or nore. And, simlarly, for higher rates
or |lower rates.

Now, this is conplicated because in rea
life there is a background even rate.

[Slide.]

This is taken from the package insert for
Pavl i zumab, which is an anti-RSV npnocl ona
anti body. You can see, if you look at the nost
conmon adverse events--which are not particularly
serious, as these things go--we've got what | ook
like very precise estimtes for the biologic, but
there's al so substantial background rate. And, in

fact, if you were to calculate a nonina



p-val ue--and I say "nomi nal," because with nultiple
conparisons like this, and lack of a pre-specified
hypothesis, it's not really neaningful--there's
really no difference.

If you, in fact--renmenber | said that a 1
percent detection rate requires about 300 people.
Well, if you have a background--if you want to see
if your drug is 2 percent versus 1 percent placebo,
and you want to see if that's real, you actually
need about 5,000 patients.

And | want to be very clear about this.
am not saying that we need 5,000 patients in a
safety study, or 50,000. What | amsaying is: we
need to have a healthy respect for the l[imtations
of data, if you have an underpowered safety study.
And virtually all safety data bases are
under powered. That's been my experience in eight
years at FDA, and it's sinply a fact that you need
very large nunbers to detect rare events.

For exanple, if you |look at
ci profl oxaci n--not at the conmon adverse events

i ke dizziness or nausea--the things that we really
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m ght be very worried about, |ike anaphyl actoid
reactions, they're very, very unusual. You're not
going to see themuntil you' ve had a | ot of
patients. And again, | want to enphasize, we are
not |ooking for a safety data base, before
approval, of 250 mllion people. | don't want to
get quoted in the Wall Street Journal tonorrow on
t hat .

But | do think it's inportant to recognize
that you're sinply not going to see events at these
rates in a typical devel opment program

It's also inmportant to renenber that even
t hough you do see these rates, that does not nean
the drug is unsafe. It neans there's risks, but it
means that we think those risks are justified by
t he benefits.

[Slide.]

In terms of who should be studied--in
terns of the make up of the popul ations--renmenber,
again: there's no benefit to subjects, so that
even low risks need to be considered carefully, and

i nformed consent is critical. Under healthy
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vol unt eer studies, we normally see healthy adults,
not pediatric, not geriatric, with balanced sex and
racial distribution. That's actually a requirenent
in ternms of application subm ssion

We generally do not see patients initially
st udi ed who have co-norbid conditions, because of
increase in risk, as well as the fact that this may
confound safety assessnents. There may al so be
speci fic exclusions, depending on the product; for
exanple, 1G1V--patients who have thronbosis may
not be good candidates initially.

Later studies are really going to depend
on the intended use. Children, elderly and so on
Drug interaction studies--and | wote "small
nol ecul es” here, but it's inportant to renenber
that there's potential interactions with |arge
nmol ecul es. There's certainly literature show ng
that after influenza vaccination you can see
changes in drug netabolism And | think that has a
beari ng on the questions today about anthrax
vacci nation with concom tant therapies.

The elderly are a problematic group to
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| ook at.

[Slide.]

This is data fromthe Harvard Medica
Practice Study, just showi ng that as you get ol der,
your chance of having an adverse drug event rate
goes up. And there's a variety of reasons for
t hat .

But you can get surprised. And that's why
we want to see a well balanced distribution in
terns of age and gender

[Slide.]

This is froman approval for a recent
ketalide--telithromycin--for respiratory tract
infections. There's an increased risk of visua
events, which are quite significant--such as
blurring. Patients are actually advised not to
drive when they get this drug. It's a very
significant p-value--nom nal p-value. But if you
| ook at the risk, it's not the ol der individuals.
It tends to be younger wonen where the bul k of the
ri sk occurs.

[Slide.]



326

In terns of what sort of safety
eval uations are inmportant, clinically: structured
clinical interview, |ooking at vital signs,
physi cal exam there may be product-specific
eval uati ons--for exanple, infusion reactions for 1G
I V.

In the |lab, under the Animal Rule,
certainly pharmacoki netics are critical, both in
terms of establishing efficacy in conjunction with
the ani mal studies, as well as coming up with
exposure toxicity relationships; A variety of |ab
par anet er s.

And then, finally, for |arge nolecules,

i munogenicity is a key concern. And | won't go
into this in detail, but it's sonething definitely
to have on the radar screen. And the reason for
that--and I'll just go over this quickly--

[Slide.]

--this is an exanple of re-admnistration
of abci xi mab, showi ng that he risk of
t hronbocytopenia is dramatically higher in those

i ndi vi dual s who have pre-existing antibodi es before
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re-adm ni stration.

[Slide.]

In terns of what dose to start out,
there's a couple of different strategies. And,
again, there's no general rules, but things are
driven by what the safety factor is that you derive
fromani mal studies, and then there's a couple of
di fferent pathways, trying to define a maximally
tol erated dose in humans; going back into the
ani mal nodel and saying "What's the
pharmacol ogi cal ly active dose?" And then saying,
"I's the MID greater than the human equi val ent dose
of the PAB?"

O the sort of opposite tack--and it's
goi ng to depend on the exact devel opment program
whi ch sort of pathway nekes the npbst sense.

In terns of escalation, there's a variety
of factors that go into this, ranging from
pre-clinical toxicology to human safety results at
| oner dose cohorts, to specific concerns from
bi ol ogi ¢ products. |'ve tal ked about

i mmunogenicity. Certainly, IG IV has a nunber of



toxicities. And Jenny Ri enenschnei der tal ked about
this earlier, so | won't go into this in detail

[Slide.]

So basically the schema for dose
eval uation starts with pre-clinical studies, but
it's inmportant to recognize there's going to
be--under the Animal Rule--a back and forth between
ani mal studi es and human studi es.

[Slide.]

in terms of what sort of data--how data
shoul d be captured and reported, it's inportant to
have structured case report form to have good
i nvestigator training, to have pre-specified safety
vocabul ary, |ike MeDRA; standardized coding
rules--and 1'Il talk about that in a mnute;
st andardi zed severity scale that's designed for
heal t hy subj ects, not sonething for oncol ogy
patients, for exanple, who are willing to accept
more toxicity; quality control and quality
assurance; and then, finally, thinking about
el ectroni c data subm ssion.

[Slide.]
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In terns of how adverse events are
captured, this is the ideal, where you've got
related terns that nap to a single, logical term

In the real world, this is unfortunately
what happens. This is certainly not what we want
to see happen. You can see that this mapping is
not ideal by any neans.

So this is what we want to avoid. This is
what we want to get.

[Slide.]

In terns of how clinical events are
anal yzed, we start out by |ooking at deaths, SAEs
and di scontinuations; try and anal yze the frequency
of these; look at the exact details and say, "This
is really where we're going to detect a rare event
that mi ght not support the benefit." So we'd |ook
at causality, looking at time relationships, trying
to integrate pharmacoki netics, biologica
pl ausibility, and then nove on to non-serious
adverse events--sane sort of paradi gm

This is actually, in ternms of causality,

where a placebo group can be quite helpful. You
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woul d expect that if there's a causal relationship
that you would not see as high an incidence in
pl acebo-treated patients as you would in the active
study drug.

In terns of |aboratory event analysis,
it's inmportant to have pre-specified normal ranges,
pre-specified significant changes. To sumarize
the data, in terns of descriptive statistics, what
are the nmeans for the study group and contro
group? How often do people in each group devel op
abnornmal | aboratory VALUES? What's the latency for
devel opi ng an abnormality? And | ooking at a
vari ety of subgroups, both denographic and--if you
have nore nedically conplicated patients, patients
with co-norbid conditions.

And then, finally, |ooking at individua
outliers and saying "lIs there any information we
can gl ean there?”

[Slide.]

In terns of post-marketing safety
eval uation, the goals are really definitive

evi dence of safety and efficacy. W want to get
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safety data from a broader popul ation, focusing on
patients with disease, as well as specia
popul ati ons, and popul ati ons receiving conconitant
meds. Try, ideally, to get PK data from a broader
popul ati on.

Sone of the challenges that you're aware
of are that there's unpredictable epidem ol ogy of
bioterrorismevents. There's difficulties in terns
of figuring out who has got a specific disease in a
tinmely fashion; difficulties with follow up;
difficulties inplenenting a protocol; and
difficulties collecting information.

[Slide.]

So, | think the inportant point here is
that it's inportant to plan in advance; design
protocols and CRFs--and |'ve |listed a nunber of
i ssues to think about, in your handout.

"Advance di scussions with FDA and ot her
public health agencies” is an understatenent. And
| think it's inportant to recognize that FDA, and
CDC have a post-event surveillance working group

for which | believe the lead unit within FDA is the
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O fice of Counterterrorismin Pediatric Drug
Devel opnent. And you heard from Dr. Schrager about
t hat al ready.

And then | just want to suggest that
peopl e | ook at sone suggestions in another
CT-rel at ed gui dance on Devel oping Drugs to Mtigate
Conplications from Smal | pox Vacci nati on, about
possi bl e gui dance on this area.

[Slide.]

So let me summarize by saying that we
really focus, in our review, on the risk-benefit
rati o; designing a safety evaluation program as
based on the pre-clinical toxicology; what the
agent's going to be used for; and in whomit's
going to be used.

And we really are urging early FDA
consultation that is based on data and specific
concepts about where want to go. And we'll be
very, very happy to have a dial ogue with sponsors
in the devel opnent conmunity.

[Slide.]

And, finally, 1've just listed a nunber of



gui dances that may be hel pful to people in I ooking
at this. And it's certainly not a conplete list,
but I think it's a good start.

So let ne stop there.

[ Appl ause. ]

DR. WEISS: Thank you, Dave and Dave.

We're going to take another 20-nminute
break. | have 3:25, which nmeans that we shoul d be
back in--if we can--at about--3:45. M math isn't
so good.

Pl ease get a |lot of caffeine and carbs and
things to get through the rest of the afternoon.
We still have a panel to go, and then the | ast
session. And we'll see you all back here in about
20 m nutes.

And if you have questions that you can
t hi nk about now, you want to wite on the cards,
they should be out on the registration desk.

Thank you.

[OFf the record.]

DR. VEISS: | don't know if anybody out in

the | obby can hear me, but if you can, please cone
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back in so we can start the panel

They're com ng?

We honestly had this timed really nicely
if this was going to be a day-and-a-half workshop
| can tell you, there was going to be |onger tines
for breaks, longer times for |unch

[ Pause. ]

Panel Di scussion

DR. VEISS: Haven't had enough caffeine.
I was actually up at 3:30 in the norning because
got this bug bite, and | woke up at 3:30 with ny
eye swollen shut. So, in addition to being up at
3:30, | had a lot of benedryl, so |I'mnot very
awake.

I'"'m going to go ahead and get Session |V
rolling again. For the last part of Session |V
we're going to have a panel discussion to address
any of the questions, conments you may have
regarding clinical testing--whether we call it

"clinical pharmacokinetic testing," "clinica
safety testing," potentially "clinical efficacy

testing.”
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I'"mgoing to go ahead and take ny
prerogative as a noderator by starting sone
guestions while other people are finishing up their
break outside and still straggling back in

And let ne ask nmy first question to Dr.
Green--Dave Green. In the paradigm we've all
tal ked about the fact that this is going to be
devel opi ng products under the Animal Rule requires
a paradigmshift in the normal sequence of testing,
putting products first in animls and getting
si ngl e-dose and nultiple doses, and your aninmal tox
testing and your pharmacol ogy testing, etcetera,
and then you kind of venture into your humans with
your Phase 1, and then on

And it's a little bit of different
par adi gm because you need your human PK information
to hel p, perhaps, design your aninmal efficacy
st udy.

So, can you speak--1 know, sonewhat in
generalities--but your view of how you m ght go
about your devel opnental programwith respect to

when you woul d consider the PK studies. And



336
actually, it probably would al so have sone initia
very, maybe small, proof of concept safety studies
in humans, as well as the PK

But can you address the tim ng of when you
think those studies should be initiated and
conpleted relative to, you know, the initial animal
studi es--the proof of concept, and then the
definitive animl efficacy studies?

DR. GREEN. Well, | guess that if you had
to |l ook at something de novo, | would think that
one way of going about it is, in sone ways, to
start out as if you would any other clinical study,
and that is a Phase 1 study in an appropriate
popul ati on, which m ght be healthy subjects, and
| ook at the pharnmacoki netics, and use that as the
first level to make a decision about what ani mal
nodel s m ght best approxi mate PK and PD nmarkers
that mght ultimately be used for efficacy.

So that, | think, is an essentia
conmponent in doing the aninal--to find out which is
the nost rel evant animal nodel. However, that

woul d certainly be benefitted by knowi ng from
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vari ous pharmacol ogy--what would ordinarily be

phar macol ogy studies which, in this case, are

really tests of efficacy in aninmal nodels to know

whi ch of those animal nodels, if we don't have

strong priors as to which is the best to select, is

how di vergent the popul ati on of response is, or how
particular the response is; and then also study the

clinical pharmacol ogy PD and PK in those ani mal s.

And taking the Phase 1 human experience,
and conparing agai nst that the ani mal experience
woul d hel p us know whet her we have a consi stent
data base, or discontinuities, or problens that
will require explanation, as well as maybe being
able to select down to two nodels that night
provi de adequate basis for concludi ng potentia
ef ficacy.

So | think, in some ways, that it | ooks
like the regul ar devel opnent, in that you would do
phar macol ogy studies. But in this case they would
be efficacy-related studies to the Aninmal Rule.

And then an initial Phase 1 study.

And because of funding, and submitting
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INDs, I would think that you m ght--you would
probably do the aninal-rel ated studies, which are
not done under--for purposes of the Animal Rule,
but would be minimal, in terms of resources, but
gai n enough information about PK-PD to make sense
once the initial human studi es have been coll ected.

DR. WEISS: And, followup to that, to
Dave Ross, or to Lew or anybody--in ternms of the
safety program and the sonmewhat | arger exposure in
the heal thy volunteers, when would you anticipate
t hose kinds of studies would be initiated relative
to the animal studies that are--would you want
those ani mal studies conpleted, for instance?
O --you know, when would be the optimal timng, |
guess, for generating the human safety information?

DR. ROSS: | was afraid you were going to
ask ne that.

I think the--the evasive answer is that
it's going to depend on the specific program But
| think that you--obviously, before going into
humans, | think because these are healthy

volunteers, | think you are going to want--or at
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| east his is ny off-the-top-of-ny-head thought, and
it's certainly sonething that is, | think, is open
for discussion--you want to have sone justification
for exposing normal volunteers to risk. And
therefore | think you would want to have sone
i ndication that there is a basis to believe this
m ght ultimately have a benefit.

And beyond that | don't know that it's
possible to say a whole |l ot nore.

Dave or Lew, do you want to tackle that
one?

DR. SCHRAGER: Yes, | nmean | can just tel
you what we've seen. And that is that, you know,
we' ve had devel opers come to us with that specific
qguestion, and the way we've handled it is just what
you' re sayi ng.

If you have proof of concept--if you have
proof of concept, and if you have, obviously, the
appropriate toxicity data in the animls, at that
poi nt there's al nost a dual -tracking that goes on
One is, you know. go ahead, get the IND and do

your initial safety studies in humans. And at the



sane time progress with
your - - quot e- unquot e--"pi votal efficacy studies" in
ani mal s.

DR. GREEN. Well, one question would be
t he dynam c range between doses that you mi ght
explore in a healthy popul ati on of volunteers, and
how far could you go--could you go to naxi num
tol erated dose? That would be sort of, in a
way--you would |ike to know both parts of the
equation alnost at the sanme tinme. And therein lies
the difficulty.

So it's probably kind of reciproca
process of going back and forth. But | guess the
question is: it's probably inmportant not to do
anyt hing that |ooks |ike the Phase 3 study unti
you're fairly sure about either the levels that you
want to study, or the doses that you want to study

DR. SCHRAGER: Absolutely. And this,
agai n, gets back to enphasi zing the inportance of a
di al ogue between devel opers and the FDA, after you
really do have the appropriate anount of data to

engage in that dial ogue.

340



341

But when it comes to planning these--you
know, these kind of studies, these are difficult
guestions. And | promise you there's going to be a
I ot of thought put into a response to those
guestions, and a |l ot of interaction between
devel opers and the FDA in trying to come up with
the best approach under the circunstances.

But speaking generally, | think that, you
know, the approach that we tal ked about is one
general ly that works.

DR. ROSS: As a follow up to that
guestion--a pass on a question that Russ Pierce,
from O fice of Blood Research and Revi ew asked me
during the break--and I'm going to ask David
this--is there--do you think there's any utility,
interms of trying to go above the--what you think
you need in humans, as far as exposure. Would that
gi ve you perhaps greater power, as far--statistica
power in ternms of safety? Do you think that m ght
be sone utility to that kind of pharnacokinetic
appr oach?

DR. CGREEN: Using a dose that's beyond the
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| evel that you think would be efficacious?

DR. ROSS: Yes.

DR. GREEN: Well, | think one--well
certainly, | think that, if nothing else, provides
a safeguard on re-evaluation of the informtion
such that other factors--for exanple, you talked
about changes in blood flow, or changes due to the
di sease. And, for exanple, with OP intoxication
there are profound differences in cardiovascul ar
function. And there are other disease settings
where that's known, as well

And | think one of the problens with there
area is it's devel oping so fast that new bits of
i nformati on can have significant inpact on an
under st andi ng and a decision. And so, again,
think it's an axiomthat the nmore information that
you have the better prepared you are for the
uncertainties that may come about. And know ng
what the maxi mal |evel is, or knowi ng what a
greater than what you think would be appropriate,
wi || probably safeguard the devel opnment and al | ow

flexibility in ternms of popul ations which may need



a variety of dosing.

So | think it's a very good thing to do,
and | think it's the sane considerati on we have
about what we think is a properly conducted Phase 2
study, going onto a Phase 3 study; that it's
i mportant to get a range of doses and understand
their effects before going off to a Phase 3 study,

i nstead of just verifying the dose that you think
woul d be effective in a Phase 3 study.

DR VWEISS: I'msorry--1 also neglected to
actually introduce Dr. Nisha Jain, who is joining
the panel She's fromthe O fice of Blood Research
and Review in the Center for Biologics Evaluation
and Research. And you're down at the end, so just
wave your hand if you want to add in any coment.

DR. JAIN: Actually, | do have sonething
to say in ternms of biologicals. You know, | think
you're generally talking in terns of drugs. But
just to keep the biologicals, what the OBRl current
thinking is, depending on the urgency and the
i mm nent threat--you know, both the hunan PK safety

and the aninmal study could be done concurrently
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instead of in a sequential way.

DR. VWEISS: Yes, fromthe floor?

DR. NAST: Thank you. Dr. Merrill Nast.

| feel that there's such a big disconnect
in the room between what should be and what is.
And what the speakers are saying | support
whol eheartedly. But that is not how things are
happening. That is, in fact, what you're
encouragi ng private manufacturers to do, is follow
the process, prove all these things--that they have
a good and safe product--and that will be
wonderful, and then we'll use it.

But in other situations--for instance,
when the governnment wants a second-generation
ant hrax vaccine, we have a Phase 1 study that was
done by VaxGen, where the--in a small nunber of
patients. It went head-to-head with the BioPort
vacci ne, and the BioPort had an 18 percent systemc
reaction rate, and the RPA102 had a 39 percent
systemreaction rate. And so what would any nor mal
person do? W'd say we have to really look at this

and see whether we want to continue with the Phase



2 and the Phase 3.

But what, in fact, just happened is that
Heal th and Human Services--is the enpl oyer of
probably everybody on the panel--said instead that
what we want to do is buy 75 mllion doses of
RPA102. And VaxGen said that will probably cost
about $1.4 billion.

So the government asked for bids. The
bids are in. And the governnent is now going to
name a supplier in August--before a Phase 2 tria
has been conpleted, with a drug that nmay be
conpletely unlicensable. And | don't hear anybody
at the FDA saying: "Stop!"

So let's talk about that elephant in the
living room

DR. VEISS: Thank you for your comment.
It's a good one. | don't want to pass the buck
but we are going to be tal king--on Section V, the
next one that's coming up--a little bit about some
of these issues about, you know, governnent, and
fundi ng, and acquisition, and the SNS, etcetera.

That m ght be a better topic for that session
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I mean, part of the issues, as Dr. Jain
has said, too, you're tal king about--1 nean, we're
in a paradigmshift that's very, very different,
because we don't know when, and if, and how bad a
potential terrorist strike could be. And, of
course, if there is sonething that's quite
catastrophic, you know, people are going to want to
enpl oy, as best they can, the things that are
avai l abl e, or things that have been eval uated.

We realize that, you know-I think
sonebody said earlier on--we're never going to know
enough, even at the tine we do approvals for
conventional products, for non-serious diseases,
you tend to want to have a |arger data base than
you actually have available to you. And that's one
of the reasons to get the extensive post-nmarketing
information, and to continually eval uate things.

So, | don't know how-I don't know if |
can actually--1 know | can't answer your specific
question, but | think it's an inportant one to keep
in mnd as one goes--Karen, do you want to make a

comment now on that? That's Dr. Karen M dthun from
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the Center for Biologics Evaluation and Research.

DR. M DTHUN. | can speak fromthe FDA
per spective--you know, what we are doing with
regard to the devel opnent of the RPA vaccines, is
that they are proceedi ng through the devel opnent
just as has been described here. They are going
from Phase 1 to Phase 2 studies. They will--if the
data support, moving forward--go into Phase 3
studies to generate safety data. And certainly
there will also be ani mal studies ongoing that wll
generate the efficacy data base that is needed.

So they will go through the devel oprment,
you know, that is really analogous to the type of
devel opnent that has been described here. And
certainly, because vaccines are sonmething that
could be given to | arge nunbers of healthy
i ndi vidual s, there will be a significant safety
data base, just as there is for other kinds of
vacci nes, where there is also efficacy generated in
human studies. O course, here, the difference
will be that the efficacy will rest primarily on

t he ani mal data, but with bridging of
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i mmunogeni city between the animal and the human
nodel s.

And | don't know if there's soneone,
per haps, from HHS who mi ght want to comment. O
per haps the next panel, as you suggested, Karen

DR. VEISS: Does anybody el se have any
speci fic questions?

I have sone, if nobody el se wants to cone
to the floor. Thank you.

DR. GURELIC: Ken CGurelic from
EnzyBi oti cs.

A question for Dr. Ross: in describing
the safety package, it's very clear that under the
Ani mal Rul e the human experience is going to be
entirely either pharmacokinetics, specia
popul ati on, or safety exposure.

| magi ne that we have a protein therapeutic
that's intended for the treatnment of people who are
clinically infected with anthrax. So we're not
tal ki ng about a huge popul ation at risk. When you
gave your exanple of the nunbers of patients to be

studi ed--you know, you tal ked about a rule of



three; that if you wanted to exclude a 1 percent
ri sk, you'd need 300 patients.

Is that the size of the total safety
package that you woul d reasonably expect to see in
an approvabl e MDA submi ssion? Assum ng that you
had no signal in your ani mal safety studies and
that, you know, things were progressing nornmally in
Phase 1, 2 clinical devel opnment.

Second question is: do you expect to see
doubl e- bl i nd random zed, pl acebo-controlled safety
studies, or will open-Ilabel single-armstudies be

sufficient?

DR. RCSS: | think in terns of --they're
both very good questions. | think, in terms of the
size of the safety data base, | think | would, |

think, just underscore the risk-benefit equation.
Let me take the 2001 anthrax attacks, in
whi ch--we just focus on inhalational disease. W
had a case fatality rate of 5/11, or roughly 45
percent. Now, the question is what |evel of
serious adverse events is acceptable--clinically

acceptable--in that kind of circunmstance?
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And | think that--what | tried to do in ny
presentation is not suggest a specific event rate
in connection with that sort of case fatality rate,
but just say these are the sort of parameters that
we would | ook at in ternms of naking a decision of
whet her the risk-benefit ratio supported approval

There's plenty of products--none of which
I can discuss publically, of course--in which it's
clear fromthe animal data--and |'m not talking
about under Animal Rule, but traditiona
drug- devel opnent prograns--where it's clear that
the toxicities are going to be so substantial if
you were to go into humans--there's one | dealt
with some years ago where every single one of the
animals getting the agent suffered, in the
sponsor's words, "Acute sudden death."

[ Laughter.]

You know -which | thought was a very nice
turn of phrase.

[ Laughter.]

But even if it had sone therapeutic

benefit, in a very sick patient popul ation, that



"acut e sudden death" problem seened like it would
out wei gh the benefit.

[ Laughter.]

So--nore seriously--1 nentioned
anphotericin as an exanple. W know that if you
have patients who have cul ture-proven invasive
aspergillosis, that they have--untreated,
they're--and |'mtal ki ng about neutropenic
pati ents--they have a nortality rate that

approaches 100 percent. If we're tal king about a

pati ent popul ation for bacterial meningitis--again,

untreated, simlar sorts of nortality rates.

So, if you have a benefit, then--you may

have a substantial risk. And you'll notice I'm
bei ng careful not to give a specific sort of
nuneric risk-benefit ratio--but--if | can use

anot her exanpl e, cloranphenicol is |ife-saving, or
can be life-saving in typhoid fever, in Rocky
Mount ai n spotted fever--even though it has

predi ctabl e hematol ogic toxicity.

So, | don't think there's a specific event

rate or sanple size that | could point to. | think
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that it's the sort of thing here, clinically, you
have to say: "Is this benefit worth the risk?"

Havi ng gone on at length, |'ve forgotten
your second question. So I'msorry--if you can
repeat that? Wuld we want--go ahead.

DR. GURELIC. The question was: would you
expect the safety studies to be doubl e-blind,
random zed, placebo-controlled. O would you
accept open-1label, single-arm studies?

DR. ROSS: Let ne answer in terms of
statistical issues.

One of the difficulties in having an
open-| abel study is that if you have, let's say, a
5 percent rate of a particular event, the question
is: isthat alot or alittle? It becomes even
nore inmportant if it's a serious adverse event.
Let's suppose you have I1G IV, and you have a 5
percent rate of hives on infusion. And | don't
know what the historic exanple is. Dr. Jain, I'l
turn that over to you next.

But it becones nuch easier to put that

into context if you have a controlled study, in



whi ch a patient popul ation--or, vol unteer

popul ation, is getting either study drug or

pl acebo. Because then you can say this is a chance
effect, or it's something related to the drug; and
it"'s alot or alittle.

DR. GURELIC. Excuse ne, | just want to
clarify it, because, you know, your answers are
absol utely what | would expect, you know, in a
general discussion

But we're tal king about anthrax, which
you know, in a very small nunber, had a 50 percent
nortality rate, which is within the 50 to 90
percent rates that are quoted. W're also talking
about heal thy vol unteer studies.

Now, |'m assuming that there will be sone
sub- popul ation studies in elderly, |iver, etcetera.
But a general population study so healthy adults,
aged 20 to 65, you really don't expect themto have
serious adverse events during a three-day infusion.

So, | guess |'m wondering--you know, it's
the sponsor's risk issue, of course, but--

DR. ROCSS: lt's--well, it's difficult to
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give a--well, first off, let nme say this. A
doubl e-bl i nd, random zed controlled study is
obvi ously always better. It strengthens the
package. At the sane tinme, we're quite conscious
that that's also--it involves nore resources.

It's going to depend, in part, on the
nature of the product. |I|f you have a snmll
nmol ecul e, for exanple, that causes--you think my
cause QI prolongation, it may be very appropriate
to have a controlled study in which you can say,
you know, there's no QT prolongation, or there is
some QT prol ongati on.

If, on the other hand, you have a safety
study that's open-Ilabel, and uncontrolled, in which
there are no adverse events with a reasonably sized
pati ent popul ation, then that al so--I nean, then
you know, that may be easily interpretable
i nformati on.

In terns of the risk of a devel opnent
program you run the risk, with the latter
approach, that you may end up with a result that

you're not sure howto interpret. That's really
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the problem

But | would never say "never." You
know-1 could, but | won't.

But | do think it's inportant to recognize
that's there's risk--business risks and devel opnent
risks to particul ar approaches.

Ni sha, did you want to add anything in
terms of--the experience with |G IV?

DR. JAIN. Well, if we take this
particul ar exanpl e of anthrax inmmune gl obulin,
let's say--in healthy volunteers, they are healthy,
so--1 mean, | don't see, you know, in general drug
devel opnent, you know, doing a doubl e-blind placebo
is very good. It's always what we want. But for
i mune gl obulin, with an established--a sort of
established safety profile, | mean | do not see,
you know, with increnment, if you do a doubl e-blind
pl acebo control, it increases the exposures of
the--the sanple size increases in order to get
what ever adverse event rate we are | ooking at.
don't see, you know, the value of it.

And, you know, this is, again, ny
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thinking. 1t may be the FDA thinking. But, again,
sonet hing which is a good point brought up, and we
m ght have to tal k about it.

DR. ROSS: Just one other point very
qui ckly.

The other thing, | think, to keep in mnd
is that if you have multiple products targeting
this indication--specifically, treatnment--then
assessnment of the relative risks may becone very
i nportant--not only for regul atory agencies, but
for public policy nakers, for individual health
care providers. So there it may becone--because
you're not going to see a zero percent response
rate. | nmean, | just--1 mean, ny wife gets dizzy
when she takes Tylenol. O course she's sort of a
di zzy person to begin with.

[ Laughter.]

She's never going to know | said that.

But seriously, | think there it may al so
become inportant. But | think we also are--you
know, it's not just rigid insistence on

doubl e-blind controlled trials, it's because they
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are stronger, and they do provide usefu
i nf ormati on.

DR. VWEISS: o ahead.

AUDI ENCE: yes, just a point of
clarification. W're talking about the aninal
efficacy rule, where sort of proof of concept is
done in animals and not in humans.

Wher e does "doubl e-blind
pl acebo-controlled trial" conme in? Just for PK, PD
and adverse effect profile? | nean--

DR. VEISS: The question was aski ng about
the large safety trials, or whatever size safety
trials that people are going to be doing, either
after or in concert with the definitive aninal
efficacy trials. The question was do those trials
need to be random zed and doubl e-blind, or can they
be, basically, large, open-label safety trials.

And t hat was what the genesis of the discussion was
about .

AUDI ENCE: Okay. It just seens sone

products are sort of well proven to be safe, like

hyper immune human 1G 1Vs, and, to a | esser extent,
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ani mal antitoxins that are pepsin treated, and so
forth and so on. And there's some--you know,
there's some volune of literature out there that,
you know-it seems |ike we could naybe get themto
mar ket with | ess concern about risk.

And ot hers--1ike, you know, snmall-nolecul e
i nhibitors, you have, you know -you don't want the
stuff to run out the kidney before, you know, the
di sease is cured, or you don't want the liver to be
chewed up or whatever

It seens |like for different classes of
products we mght need to fine tune, sort of, our
| evel of concern.

DR. VEISS: Yes, | think that's a very
good point and should be really enphasized; that,
you know, if sonething is in a class--a
wel | -recogni zed cl ass-or, in the case of actually
the devel opment of purido and even cipro for
animal --for counter-terrorismneasures, there's
al ready a | arge amount of data, albeit in another
clinical setting, and perhaps with a different dose

and schedul e, but you had other information that
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you can use to borrow from and perhaps use.

And, you're right, if something is in a
class--but if sonething is considered a little bit
nore of a risky kind of a product based on some of
its manufacturing and other characteristics, you
m ght want to see something | arger

| think that's some of the difficulties in
trying to give, you know, real hard nunbers,
because each case is going to be somewhat specific.
And, you know, you all want to hear some nore
speci fic advice on how to develop things, and it's
a very difficult thing to do in an abstract type of
setting.

DR. ROSS: | just want to reinforce that.
| think--just to--1 showed sone adverse event data
for ciprofloxacin, and quinal ones, in general, have
had very good safety record. But, of course, there
are qui nal ones that have been wi thdrawn fromthe
mar ket because of safety concerns.

So, | think it's--there are class aspects
of safety, but | think--even for a class that's as

saf e as cephal osporins, or betal actones--nethcillin
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is no longer used because the risk of toxicity is
substantially greater than for other batal actones.

DR. SCHRAGER: | guess all | wanted to add
was that, you know-it's been stated before, but
the reality of the situation that we're dealing in
is that--the reason we have an Animal Rule is that
we're not going to be seeing disease in humans, and
we really don't know what the safety, you know,

m ght be in that situation, as well. And that's
why the Phase 4, post-even followup is so
i mportant.

DR. VEISS: Yes, go ahead, please?

DR. ROBLE: Ji m Robe, Hematech

Is cipro treatnment considered a standard
of care for anthrax exposure? And how would you
handle that in a safety trial?

DR. SCHRAGER: Well, in terms of standard
of care, | nmean we have--for an inhal ationa
exposure, we have ci profloxacin, we have
doxycycline. You know, there's also penicillin
that's been approved as well. But, really, we're

focusi ng on ciprofloxacin and doxycycli ne.



The safety issue in a post-event situation
is really--well, you get a sense of it when you
| ook back at the 2001 anthrax mailings. The CDC
at the tine--really, after the fact in this
situation--engaged in a post-event tel ephone
surveillance of the individuals who were
recommended to receive the drug--any of the drugs.
And fromthose data cane the report on adverse
events relating to taking the post-event
prophyl axis. And that was published, actually,
about a year, year-and-a-half ago, in Energing
I nfectious Di seases.

In the future, the way we're going to
approach it is through a joint effort between the
CDC and the FDA, establishing a nmeans by which the
government woul d be able to assess--access and
assess--post-event outcomes data and adverse events
data; and also, in doing that, create a means by
whi ch the devel opers whose drugs woul d be in
qgquestion would be able, to some degree or other
still to be determined, participate in that process

in accordance with the Phase 4 requirenents.
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DR WEISS: W're actually about out
of --do you have--are the comments quick?

DR. NAST: It will be real quick

The Phase 4 is critical in the Anim
Rul e. However, you l|icensed snmall pox vaccine for
the mlitary. There was a study in civilians--that
study is stopped; 39,000 people got it. There were
too many problens. There's subclinica
nyopericarditis in one in 30 people getting the
vaccine--it's been reported; totally sub-clinical
And the FDA has stopped some ongoing clinica
trials fromusing the vaccine. G eat.

But you haven't pulled it fromthe
mlitary. |It's still licensed. 625,000 people
have gotten it. You've got your Phase 4 trial, you
haven't used the data.

DR. SCHRAGER: Karen, do you want to
address that?

[ Laughter.]

DR. M DTHUN. Yes, the DryVax vacci ne has
been |icensed for decades, and clearly there was

| arge-scal e use with the recent vaccination of many
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individuals in the mlitary, as well as certain
individuals in the civilian sector. And those
i ndi viduals were closely nonitored.

And it is correct that there were new
adverse events noted; nanely, nyopericarditis. And
the | abel was changed to reflect that. And it is
true that there was an ongoi ng study under
i nvestigation--new drug application--which is
currently halted--that's public know edge--while
the data on sub-clinical myocarditis are | ooked at
further to determ ne, you know, what the next best
steps are.

But, in the nmeantine, also as part of
that, that information will go to inform also, the
current use of the DryVax vaccine, and that's
sonmething that we're very actively engaged in at
present.

DR. VEISS: So, Ross, I'mletting you get
the final comrent or question in this session, and
then we're going to call this to a close so we can
get to the last part.

DR. BRUCE: Thank you. Ross Bruce, FDA
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I just wanted to follow up on the question
before | ast--or the answer before |ast.

Among the 10,000 individuals in the 2001
U.S. anthrax incident who were followed up by the
CDC by tel ephone, how many of them said that while
they were reconmended to take the antim crobia
post - exposure prophylaxis they failed to do so.
Because that would bear on our interpretation of
the 100 percent success rate with doxycycline and
ci profl oxacin in post-exposure prophyl axis.

DR. SCHRAGER: Yes. | don't renenber the
nunbers off the top of my head. | nean, you know,
the response rate wasn't great for the survey to
begin with. | think you had about 9, 300 peopl e who
were recomended to receive the post-exposure
prophyl axi s, and about 5,300 responded.

And | just can't--1 can't tell you. |
know that there were a | ot of people who either
didn't take the drug, or who were not deened
conpliant with the--you know, with the full course
of the prophyl axis. However, there were at |east a

f ew t housand who were
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And, you're right. You know, it's not
10, 000 people we're talking about. 1t's probably
three or four. But, again, it is three or four
which is better than the 10 nonkeys that we had
resulting in the ciprofloxacin approval. And of
those 3,000 or 4,000--and sonme of them-you know,
some of them-the nature of the exposure is not
clear and may be theoretical. Some of them got it
in the face. You know, some of them got a face
full of powder. And none of them got disease.

So--you know, that's the best we can say.
You don't want to say nore than the data tells you.
But, you know, there was sonme protection there.

DR. VEISS: [I'mgoing to just call this
session to a close because we have a time crunch
and still have another session to go through

So | want to thank all the panelists and
all the speakers and--

[ Appl ause. ]

--the audi ence for provocative questions.

And then |I'm going to ask Tony Macal uso to

come up and introduce.
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Part V - Chall enges and Qpportunities in
Product Devel opnent

DR. MACALUSG  This session on Chall enges
and Opportunities in Product Devel opnent is the
final session in today's workshop. And |I'm pl eased
to see that so many of you are still here.

This session will have a slightly
different format conmpared to the previous sessions.
We' Il have one 25-nminute presentation, followed by
five short presentations, and then the pane
di scussi on.

The presentations will in sort of diverse
areas, but they will have the conmon theme of
i dentifying mechanisnms that either facilitate the
devel opnent of anthrax therapeutics, or facilitate
the access to anthrax therapeutics in the event of
a national or mlitary energency.

I'"d like to introduce our first speaker
Dr. Carl Nielsen. He's a consultant to DARPA and
USAMRI | D for new product devel opnent. The title of
his tal k: Challenges and Opportunities in Product

Devel opnent .
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Carl ?

Chal | enges and Opportunities-CQOverview

DR. NI ELSEN. Thank you very much.

What |'d |ike to do--we've tal ked about a
ot of different aspects in this really short
period of tinme, jamm ng everything into one day.

What |1'd like to do is highlight some of
the features that we've discussed so far, and try
to reinforce some of those

We have a | ot of people represented here
in the audi ence who are fromvarious federa
agencies. Hopefully those of you in private
conmpanies trying to devel op products, or thinking
about the same, will have a chance to interact with
t hem

I'"d like to address my remarks to the
people in the private conpani es, because those are
the people who are doing the heavy lifting, in
terms of coming up with a product. And the remarks
I"'mgoing to make are fromthe 30, 000-f oot
| evel --as you can see here.

[Slide.]
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And | have no data, so you don't have to
worry about keeping your pencil handy. |[|'mjust
going to talk in general terns.

What |'d like to do is talk about how to
come up with a devel opnental plan

[Slide.]

And, as you've heard on a nunber of
occasions, the first question you need to ask is:
what is the indication for your product? How are
you going to use it? That's the first question the
FDA is going to throw at you.

And then the next question is: what is
the safety profile of that product? And you need
to support each of your answers to these questions
with data. Cearly, that's been com ng out
t hroughout the day.

And you want to have at |east a plausible
story--supported by data--for what the nechani sm of
action of the product m ght be.

And then, if you're a small conpany, you
need to ask the question: who's going to do the

studies? Are you going to do themin-house? How
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many of them are you going to do? Are you going to
farmit out on a contract to sonebody outside?

[Slide.]

Now, what about the animal studies?

We've tal ked a | ot about aninmals, how to
use them the Animal Rule, different kinds of
animals, different sorts of experinments to be done
with them Are you going to be |looking at the
nmouse, the guinea pig, the rabbit? Wich ones do
you need to have before you go into non-human
pri mtes? And how are you going to do that?

And, oh, by the way, which non-hunman
primtes? We've kicked that around a little bit
today. The Indian rhesus has been used in the
past. You'll have a hard time finding any anynore.
Chi nese rhesus are sonewhat avail able, but they're
very expensive. There are sone breedi ng col onies
around the country.

Cynos--we have sone data in. And, as
Loui se Pitt described for you, sone of the ol der
data is somewhat in question because of the

conditions of animal husbandry.
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There are sone data available in African
green--not a whole lot in anthrax. That seens to
be nmore focused on pl ague.

There is sonme information com ng out on
the marmoset. There has been a DARPA contract to
| ook at the nmarnoset as a potential nodel for use
in the animal studies. It's a nuch smaller aninmal,
requires much less in terns of housing and so on

One of the big problenms that we tal ked
about in response to--or in consideration of animal
nodel s, is how well is the aninmal nodel
characterized with respect to the di sease process
in mn. W're trying to use sonmething that minics
the condition in man.

So, as you put all these questions
toget her you need to conme up with a plan. And this
is where we sort of bring everything together and
| ook at sonething that m ght [ook I[ike this.

[Slide.]

And the | ast panel just kind of provided
an entre to exactly this, where we have

pre-clinical safety taking place here, along with
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sone scal e-up manufacturing, in order to be able to
conduct ani mal studies to support a Phase 1 |ND

You conduct that study. And some point
during that study, or sone time thereafter, you
woul d want to conduct your animal chall enge study,
or your pivotal study.

Exactly where that would go in terns of
timng--nost likely it would cone rather late, in
conjunction with your Phase 1 study, or after. But
that's not necessarily the case. That's up to you
in terms of your plan, and how nmuch risk you're
willing to accept in devel oprment.

And then some tine around the period of
the ani mal chall enge study, you woul d engage the
possibility of starting up your expanded human
studi es for additional safety.

I put inthis little piece right here,
which | consider critical to any conpany's
| aunching of f into a product devel opnment plan
That's the pre-IND neeting. And | can't stress
t hat enough--whet her you're a small conpany or a

| ar ge company.
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If you want to get engaged in the Ani mal
Rul e studies that address the issues that we have
in front of us, you need to get sone input fromthe
FDA. And you've heard several times today that the
FDA is willing to provide you with advice and
counsel in putting your plan together and telling
you when you're way off base

So | thoroughly reconmend--heartily
recommend- -t hat you engage a pre-1ND conference
with the FDA as soon as you think you have a
product that you want to devel op. And, hopefully,
you' Il get successfully through it, and reach fina
approval with that information.

The information that you get fromthe
pre-1ND plan will provide you with a guide through
the bottl eneck of getting to your Phase 1 study.
Once you get there, you want to continue your
interaction with the FDA review team so that you
don't fall astray and end up getting into expensive
studi es that you really don't need.

[Slide.]

And, speaking of those expensive studies,
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there is a bottleneck. And |'ve been railing on
this subject with a ot of people for a |lot of
time, and that is: howto get the studies done.

This is a difficult challenge. W' ve
tal ked about a nunmber of aspects of it, in terms of
the various details that go into the study. W're
| ooki ng at studies that nmust be done--in the case
of anthrax--under BSL 3. And there are other bugs
that we need to do under BSL 4 conpliance.

That's a big project right there. Most
smal | conpanies are not going to have that
capability in their |aboratories. They're going to
have to go sonepl ace el se to get them done

We're | ooki ng at aerosol exposure to
non- human primates, and we've had a nunber of
di scussi ons about how difficult that is, and how
careful you have to be in trying to put it
together, and the inpact of those errors on your
st udy.

And then, nunber three, is the rea
catcher: full GLP docunentation needs to be

coll ected during the course of your pivotal study.
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How are you going to do that?

[Slide.]

So, conducting the Aninmal Rul e studies,
we' ve got these very difficult challenges in front
of us: the aerosol challenge, the non-human
primtes use. A lot of small conpanies do not have
the capability of dealing with non-human primates.
You have to do it in BSL-3.

And then here's the hard part. The NIAID
has sponsored several--1 think the nunber is
five--centers of excellence around the country to
do aerosol studies. And they do aerosol. They do
non- human prinmates. And they're capable of doing
BSL-3 and, in sone cases, BSL-4.

| didn't say anything else. That's the
problem \Where can you get this done? To ny
know edge, there's only two places where you can
come close to doing it. That's at USAMRI I D and
Battelle. And I've worked I ong and hard to try and
get a third place, at Lovelace in Al buquerque.
Hopefully they' Il be up to speed in '05. But, in

the neantinme, we have two pl aces where these



studi es can be done.

And we've had a number of discussions
about what full GLP is; what "very nearly GLP" is,
and "alnost GLP." "Spirit of GLP" is another
phrase that comes out.

[ Laughter.]

| think if you talk to Dr. MCormack
you'll realize that there's either GLP or there
isn't. There's GLP with exceptions.

And there are certain exceptions that have
to be made in order to get these studies conducted,
and we have to deal with themand try to inprove on
them as tine goes on.

So that's a problem And that takes care of
the facility, primrily.

[Slide.]

VWhat about the people to do these studies?
VWhere are you going to get the folks to do then?

Do they need to be vaccinated to conduct these
studies? And, if so, which vaccinations? And what
about people who don't take vaccinations well?

Do these people have to be cleared for use
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of sel ect agents, and how are you going to get them
cl eared? How rmuch time does it take to do al
this?

And then they have to be trained with
non- human primtes, with GLP docunentation and
BSL- 3 techniques. You don't get these people off
the street, next week. It takes a lot of effort to
get these people up to where they're neeting al
the necessary requirenments to do this.

And probably the nost difficult--again--is
that GLP part. Universities do research. Wen
you' re tal king about this kind of work you're
tal ki ng about testing and evaluation. You have to

take your head off, turn it around and put it back

on again if you want to do GLP. It's a different
kind of business. It's testing. |It's not
research.

It's very difficult to get a group of
folks to turn their head around and be able to do
these kinds of studies.

Okay, noving along in your devel opnent

pl an- -
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[Slide.]

--what about the clinical trials? Wo's
going to do then? And, worse, who's going to pay
for them

And that gets me off into an area that we
haven't really touched on very much--and | put this
slide in green so that it would bring you into the
i dea of nmoney. COCkay?

[Slide.]

Ckay--grants and contracts. And we have
to engage al phabet soup. There are nore initials
around this town than anyplace else on earth. And
"Il try to run through a few of them so that you
can become fanmiliar with at |east the concept of
t hem

Everybody's familiar with NIH and NI Al D.
Most of what cones out of this organization is
original, innovative, basic research, but they're
now getting into advanced devel opnent and clinica
trials.

There's sone concern about how we do peer

review, particular for advanced devel opnent and
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clinical trials. Those peer review panels need to
be conposed--at least in part--of people from
i ndustry who have experience in those areas.
Sonmetimes difficult to get.

Anot her organi zati on that funds research
and devel opnent is DTRA--the Defense Threat
Reducti on Agency. They fund a | ot of basic
research and initial devel opnent on products,
beyond a proof of concept. And they need to be "of
mlitary relevance.” And, of course, anthrax is a
prime exanple of sonething that's both of mlitary
rel evance as well as civilian rel evance.

[Slide.]

Anot her organi zation that has been funding
research is the Arny's Medical Research and
Mat eri el Command at Ft. Detrick. Again, mlitary
rel evant research; contracts; CRADAs with
USAMRI | D- - USAMRI | D conmes under neat h RMS.

Then here's anot her piece of al phabet
soup: WRAIR--Walter Reed Arny Institute of
Research. There are sone contracts for clinica

trials that conme out of MRMC, but npbst of that
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activity is being focused on DTRA

Anot her organi zation is DARPA, with whom |
spend a lot of time, as well as with USAMRI I D.

Thi s organi zation provides contracts for really

i nnovati ve product discovery areas-focused, again
on mlitary applications. DARPA is quite newto
the field of biology. |It's previously been a
physi cs and engi neering organi zati on

[Slide.]

Bi oShield is a new organi zation that's
pretty nearly approved and funded. 1It's funded and
al nost conpletely approved. |It's a DHHS agency,
with the concept of fully burdened costs. And
we' Il hear sone nore details about that a little
| ater when the panel gets up here.

[Slide.]

I'"ve put this unusual slide in here to
rem nd anybody who's in the business of product
devel opnment that funding is like a |ightbulb. And
this is a carbon-filanment |ightbulb. You never
know when it's going to blow out. You have to be

real careful with it.
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[Slide.]

One of the problens that we've had in this
busi ness over the years--particularly in the
mlitary--is there was very often a fair anount of
initial funding to support the bright |ight of
di scovery, and now we're getting to some funding
out here at marketing at governnment acquisition, we
have a place to go. But there's this great chasm
here, in between, that | call "The Valley of
Product Death"--

[ Laughter.]

--where you've got this great thing that
can do sonething, and it |ooks wonderful in aninmals
and in all your in vitro systems, but you can't get
over here.

[Slide.]

So |I've got another little slide that
depicts this. This is the Valley of Product Death
right here, and here's a little bridge that you
want to construct over it. So we have a start-up
agency that's going to get you your initia

funding. And then we have, hopefully, governnent



acquisition from BioShield. And the real question
is: how do you get across the rickety bridge over
the Vvall ey of Death?

And this is a concern that every conpany
shoul d have. You're going to have sone outside
funding? Are you going to have venture
capitalists? How are you going to work that out?

Over here in the start, you've got N H
You' ve got, perhaps, DARPA, maybe DTRA--dependi ng
on who you' ve been working with and how cl ose you
are to the mlitary. And over here, maybe we've
got BioShield. And, if you're lucky enough, you
have an indication that you can market outside of
t he governnment requirenents.

[Side.]

One of the things that | try to get people

to do with projects that I"mworking with is to get
on one indication that you find will be the nost
easily achieved; that you can collected data for
and support. And don't try to cover the
waterfront. Mke it as narrow as you can and

clearly support quickly.
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Because what do you want to do? You want
to get FDA approval as quickly as you can. Wy?
That offers you the opportunity to tell the world
that, "Hey, we know how to do this. W can get an
approval for a product. W can market this
product”--hopefully either to the governnent or to
outside interest. And then [ater on, what can we
do? Label broadening; second indication, third
i ndi cati on--whatever you want to do fromthere--as
Il ong as you have the data to support it.

But you need, as a conpany--financially
you need to get that first indication.

[Slide.]

We have sonme goals. The conmpany has
goals, and the interaction between various private
conpani es and the federal governnent need to be
brought together. What's the conpany goal ? Make
noney--of course. |f you lose track of that, we
need to talk. And from my perspective, hopefully
you're also in this business to help the country.

What's the governnment goal? W want to

have the product avail able when we need it. And if
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you are not sensi bl e about the use of
noney--particularly the nmoney that we give you--I
say "we"--that's not we, that's this person over
here. I'ma consultant. Anything | say does not
bi nd the governnent.

The governnment wants to have the product
avai |l abl e when needed. And the governnent wants to
avoi d having to devel op the product internally.

Qur track record within the governnment for
devel opi ng products--umm-is not the best.

[Slide.]

A couple critical questions you need to
ask yourself: what is your incentive for getting
in this business? Wy do you want to do it? You
want to nake sure that you've got your incentives
correct, and that you've got your goals on |ine.

Can you find an indication that will nmake
you sone noney? Because if you can't, you're going
to be dependent upon the government to make the
acquisition. You would really like to have anot her
i ndi cation--down the road, at least--that wll

all ow you to market the product on the outside and
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generate a revenue stream

If you're going to be | ooking at the
government for acquisition, what is the governnent
restock rate going to be? That's going to depend,
in part at |east, on your shelf-life. And, of
course, you'd like your shelf-life to be about two
weeks--right?

[ Laughter.]

[Slide.]

This question came up--or this concept
came up a little while ago: how many products is
the governnent willing to stockpile? There are
several representatives of various conpanies in the
room here. Those are just the ones that we
happened to get today. So if we have four or five
products for anthrax, and that's going to cost how
many mllions to buy to stockpile, and then we have
to buy it again in two or three or four
years--well, wait a mnute, we' ve got plague, yet.
We've got to have three or four for that. And what
about all the other diseases? W've got small pox.

How many of these products is the governnent going



to be able to afford?

Bi oShield is now al nost approved. How do
you survive the "fully burdened cost" structure if
that's the way business is going to be
conduct ed--and we may get sone changes in that in a
few mnutes. But if there's a fully burdened cost
structure, which neans that the cost of devel opnent
will be included in the acquisition, how do you
survive the Valley of Death when you have
i nsufficient cash flow, until you get out here to
the actual purchase?

And here's one that may kill your program
what is the indemification profile of your
product? You need to think about that carefully.
Is the governnent going to indemify you? O are
you going to have to carry the freight? How does
it look? What's the |ong-term consequence of that
product--particularly if you' re going to be working
it out in the open marketplace for other
i ndi cations?

[Slide.]

Finally, where do you get hel p? Well
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each institution within the governnent has a staff
and a website that can provide you with infornmation
to help you along. N AID has one, DTRA has one,
DARPA has one. Each one has its own style of doing
busi ness, and each one has its own concepts of the
kinds of things it will do: early discovery, early
devel opnent, | ater devel opnent and fina

acqui sition.

And there will be--there should be a
website al ready for BioShield.

The FDA website is an excellent place.
There's a lot of information on there about how to
do business. If you are not already famliar with
it, before you do another thing, get famliar with
it.

The pre-I ND neetings, of course, are a
very good source of information--one of the
best--once you have a product identified and ready
to go.

So that is what | have to offer you.
Thanks very nuch for your attention.

[ Appl ause. ]
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DR, MACALUSO. Qur next speaker is Dr.
Brad Leissa. He's Deputy Director, Division of
Counterterrorism Center for Drug Eval uation and
Research at the FDA. The title of his talk is "The
FDA' s Proactive Approach with Medica
Count er neasur e Devel opnent . "

Bri an?

DR. LEISSA: The last group of us that's
speaki ng now-we'll be relatively brief, because
we' |l be going into the panel discussion.

But, briefly, what | wanted to be able to
go over to talk to this group about is where FDA's
role has been with regard to facilitating, have a
proactive approach, with regard to nedica
count er neasur e devel opnent.

First of all, it's inmportant to recognize
that FDA is an integral part of the public health
service. And it sees its role as critical with
regard to product devel opnent. The
counter-terrori smhas been identified by the agency
at the level of the Commissioner's office, as wel

as with both--with all the centers--product review
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centers--as being a priority responsibility for the
agency.

FDA al so works closely with its sister
public health service agencies, as well as with the
Department of Health and Human Services in nedica
count er neasure devel opnent, and hopefully, that is
somewhat evi denced by this neeting, where we have
brought to this neeting so many within HHS who are
i nvol ved in product devel opment--as well as with
t he Departnment of Honel and Security, and the shared
asset of the Strategic National Stockpile, and the
Depart ment of Defense.

CDER and CBER have many existing prograns,
as well as regulations, that are in place to
facilitate nedical counternmeasure devel opnent.
These include--and you've heard many speak about
this--the very inportant rol e--where pre-IND, and
we're sonetinmes referred to as "pre-pre-1ND"
meeti ngs conme to bear, as well as the opportunity
for fast track designation. Once a product has
shown that it has value in an unmet nedi cal need,

where FDA is able to designate a product for fast
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track, which gives the opportunity for the studies
that are being conducted under fast track
designation to be revi ewed--quote-unquote--"rea
time"--again, as a way to facilitate product
devel opnent .

If a product gets to the point of having a
licensing application approval subm ssion placed,
there's also the opportunity for a priority review.
The typical reviewtinme for nost products is
somewhere between 10 and 12 months, but with a
priority review, the agency makes a commtnent to
make a review-an initial review assessnent within
a six-nmonth period of tine.

As has al ready been discussed, there is
al so the opportunity for product devel opnent under
the accel erated approval regulation; the surrogate
mar ker regul ation. That was the basis for the
ci profloxacin in inhal ational anthrax post-exposure
prophyl axis indication. And as well, as we've
heard many tines today, about the Animal Rule. The
i mportant thing, of course, with the Aninal Rule is

that it doesn't necessarily accelerate drug
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devel opnment. What it does do is it provides an
opportunity which otherwi se did not exist prior to
the rule, in that there was a
--quot e-unquote--"glass ceiling," where, if the
studies that were needed to be able to be the basis
for approval of a product fromthe perspective of
ef ficacy were not studies that could be conducted
because of concerns of it either being unethical or
unfeasible, there would just--in that situation
product devel opnent was stagnat ed.

So that's an inportant point, of course,
with regard to how the Aninmal Rule should be seen.

The Center for Drug Eval uation and
Research al so, though, has had precedents with
regards to nedical counterneasure devel opment where
there was no product devel oper. An exanple of
this--as you've heard before--relates to the
studi es that are being conducted to date for
pneunoni ¢ pl ague, and for gentam cin and ot her
products. The issue here is that gentam cin, which
has been on the market for many years, it is a

generic product. So in a situation like that, who
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is going to come forward to devel op that product
where there i s no--quote-unquote--"market," nor is
there any way, froman exclusivity perspective, to
protect that market.

So, FDA--the Center for Drugs--has noted
that this is a need, and has sponsored--worKki ng
with NITAID and with the Department of Defense--to
conduct the critical studies.

Anot her exanple is where, for new
drugs--specifically in an area outside of
i nfectious di seases--dealing with antidotes to
radi o nucl i de exposure, where the FDA has placed
out, in the Federal Register, notices of
findi ng--of safety and efficacy--for two
products--three products, indeed: Prussian blue, a
radi oguardase for renmoval of Cesium-radioactive
cesium fromthe body, as well as Thallium and then
t he cal ci um and zinc TTPAs.

In these situations, the FDA went to
various type fornms of data--clinical data--either
whi ch was published in the nedical literature, or

cane fromthe ReAx, through Department of Energy,



to review such data. Because, again, it was not
clear to FDA that this was sonething that a typica
product devel oper woul d be able to do.

How this is applicable to anthrax and
toxins are |less clear, but the point is is that the
agency is working, to the best of its ability, to
try to bring products to market that nay have
life-saving capabilities.

The Center for Drugs and the Center for
Bi ol ogi cs, as you know, now share responsibility
with regard to i mune- based therapeutics. And
want to assure you that CDER and CBER work very
closely, are often in neetings together talking
about product devel opments, so that the regulatory
i ssues, the scientific issues that everyone is
addressing these, considering themequally. And so
even though the responsibility is shared between
the two centers, it's the agency thinking through
this, really, with one m nd.

So, how does one conme to the FDA? Well
these are sonme contact nanes. Wthin the Center

for Biologics, the inmportant thing is to go either
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through the review division that's appropriate; for
exanple, in the office of OBRR But, if it's not
clear who that is, Ms. Cynthia Kelley--she's the
Seni or Advisor for Counterterrorism and Medica
Count erneasures within the Center for Biologics;
her phone nunber and e-mail|l address are there.

O, in the Center for Drugs--again, the
review division--if it's unclear to you which
review division is the nost appropriate--there is
al so our division, the Division of
Counterterrorism who can help in terms of
i dentifyi ng where your product should go within the
Center, and to try to get you the best advice that
you can.

The key thing with products under the
Animal Rule is to err on approaching FDA earlier
than later, because since the animl studies that
are being conducted are going to be so critical to
product devel opnment, that's why people keep comi ng
back to--comng to us during the pre-|1ND phase.
Yet, at the sane tinme--as Captain Geen

mentioned--it's inportant that we do have data.
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Data is informative. It helps us to be able to
gui de better, with data.

And we at FDA spend a |l ot of tine,
obviously, with data. So whatever |evel of data
that you're able to provide to us in those pre-I1ND
meetings will only enhance the type of discussion
and the type of guidance that we're able to
provi de.

And | can only reiterate the comrent
that's been made many tines today, that it's very
i mportant, in terns of devel opi ng a product--even
in the pre-IND stage--for us to hear from you what
you see as the indication for that us. Because al
of the design of the trials, how those are set up
will be very critical to the overall devel opnent
program and pl an.

Those are the conclusion of my remarks.
So, hopefully, you have a sense about how the FDA
and the Center for Drugs, the Center for Biologics,
take this responsibility very seriously about
devel opi ng nedi cal counterneasures; but nedica

counterneasures that are both safe and effective.
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Thank you.

[ Appl ause. ]

DR. MACALUSO Dr. Karen M dthun is our
next speaker. She's the Acting Deputy Director for
Medi ci ne, Center for Biologics Evaluation and
Research at the FDA

The title of her presentation is "Access
to Investigational Products under Energency
Circumst ances. "

DR. M DTHUN: Hello, and thank you. [I'm
sorry, | had thought it would be nore sort of a
panel discussion, so | didn't prepare any slides.
But, hopefully, | can get through this and not
stand in your way between now and di nner

I'"d just like to touch basically on neans
of accessing products that are still in the
i nvestigational phase of developnent. | think it's
clear that the goal is for FDA to help facilitate
an accrual of data that allows a determ nation that
a product is safe and effective so that it can be
licensed. But, obviously, we recognize that this

takes tinme, and along that route there may be tines
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where there may be a need to use a product that is
i nvestigational, and that it may be appropriate to
do so.

The main vehicle that we've had, up unti
now, had been use of the product under IND. And so
we, for exanple--and |'m sure that Center for Drugs
has done the sane--that Center for Biologics work
closely, for exanple, with CDC when CDC set up a
conti ngency protocol that provided for use of
i nvestigational smallpox vaccine in the event of a
smal | pox enmergency. And so, to that end, there was
a lot of work to really cone up with a protocol
and al so consent form that was streanlined, and
that would allow for a |arge-scale use of this
vaccine in the event that such an energency were to
ari se.

| think it's clear that there are a | ot of
benefits to using a product under IND. For
exanple, it's very clear to individuals who provide
i nformed consent that this is an investigationa
product. But, having said that, we also recognize

that this could potentially be a very cumbersone



process, to get informed consent, in the event that
there were to be a need to use a product in a
wi despread manner in an energency.

And, to that end, at the end of |ast year
in Novenber of 2003, the National Defense
Aut hori zati on Act was passed, and that provided for
emergency use authorization of products in the
event of a mlitary emergency. As |'m sure you've
heard in the newspaper--1 also read The Washi ngton
Post - - bot h Houses of Congress have now passed the
Bi oShield bill, though | understand it has not yet
been signed into aw. Once that happens, that wll
al so all ow enmergency use authorization for products
that--where there is a national security emergency,
or a public health energency.

But let nme focus right now on the one--the
enmergency use authorization--that is available for
the mlitary energency, since that one has been
enacted into | aw.

Under this circunstance, what woul d happen
is that if the Secretary of the Departnent of

Def ense deternined that there was a nmilitary
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energency, or a significant potential for a
mlitary enmergency involving heightened risk to
mlitary forces of attack with a specific
bi ol ogi cal, chem cal, radiol ogical or nuclear
agent, then the Secretary of Health and Human
Services could declare an energency justifying an
emergency use authori zation

And there are conditions that would have
to be net for such an authorization to go forth.
And sone of these include that the particul ar agent
that this product is nmeant to treat, that the agent
can cause a serious or life-threatening disease or
condition; that the nedical product may be
effective in diagnosing, treating or preventing
such disease or condition; and that the benefits of
the product, as best they are understood, outweigh
the risks; and that there is no adequate approved
an available alternative that can be used.

And there are other conditions that also
go along with the authorization--and |'Il touch
upon a few things--for an unapproved product.

There's also a scenario for use of an approved
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product for an unapproved indication. But I'l
just say a little bit about the use of an
unapproved product.

And in this circunstance, to the extent
that it's practical, there would have to be
conditions that would assure that the health care
prof essional who is giving this product knows that
it is an emergency use authorization; knows what
t he known or potential risks and benefits are; and
al so, you know, what alternatives there are--if
any.

Li kewi se, there should al so be provisions
to allow those individuals to whomthe product is
being offered to know that it's an energency use
product; and, again, what is known about the
potential benefits and risks; any alternatives; and
that there is also an option to accept or refuse
t he product.

Clearly, other conditions also are
i mportant. For exanple, there should be in place a
systemto nmonitor for adverse events. There needs

to be appropriate conditions for record keeping by
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t he manufacturer. And, also, there are other
additional conditions that can be inposed; for
exanpl e, obtaining data to address, you know, what
clinical benefit there is fromuse of the product
as it is used under that emergency use provision

As | nmentioned, this really, right now, is
for the mlitary energency. But, you know, once
the BioShield legislation is enacted into law, it
woul d have a broader application for nationa
security and public health emergencies, as well

And that's basically what | have to say.
So, thank you very much.

[ Appl ause.

DR. MACALUSO: Dr. Sue CGorman is Associate
Director for Science in the Strategic Nationa
Stockpile Programat the CDC. And she will tell us
about the Strategic National Stockpile Program

DR. GORMAN: Thank you. This is where the
products are ultimately going to find their hone,
in the Strategic National Stockpile Program

[Slide.]

Maybe. Okay.



The program started in 1999, and the focus
of our programwas mainly to stockpile
count erneasures and nedi cal supplies that could be
used to respond to a terrorismeven involving a
Cat egory A biological threat agent, or perhaps
chemi cal nerve agents. And the mssion of the
program has expanded now to include radiation
events, and burn-and-blast or trauma-type events,
as well as other |arge-scale public health
energenci es, such as a possi bl e outbreak of
pandem ¢ i nfl uenza.

Qur mission is very sinple. It's nmainly
to deliver critical medical assets to the site of a
nati onal energency.

[Slide.]

And we can respond in a nunber of
different ways to one of these types of events.
First of all, we can provide technical assistance
t hrough our Techni cal Advisory Response unit. And
this is a group of personnel fromthe Stockpile
program who acconpany all of our |arge-scale

depl oyments. They help with handing over the
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assets to the affected area. They stay in the area
for as long as is needed. And they help with
reordering supplies that m ght have run out, or
need ot her supplies.

We al so can send what we call a "12-Hour
Push Package." |If there's a broad spectrum of
support that's needed--for exanple, if we have no
i dea what kind of threat we're dealing with. An
exanpl e of this would be on 9/11 we weren't quite
sure what kind of threat we were dealing with, so
we sent our 12-hour Push Package.

It's called a 12-Hour Push Package because
it can arrive within 12 hours of the federa
decision to deploy the assets--anywhere in the
United States or the U S. territories. And a Push
Package- - because the affected area does not need to
ask for any specific itens, rather we just push out
a package that's comprised of 122 specialized cargo
containers filled with over 130 different types of
line itenms, hoping that some portion of that would
be useful for the event in question.

VWhen we do know what type of threat we're
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dealing with, we can provide specific item support.
An exanple would be with the anthrax attacks. W
woul d not send a 12- Hour Push Package because a | ot
of that would go to waste. Once we sign these
items over to the affected area we don't ask for
them back. So if we know what type of even we're
dealing with, we can specific items fromeither a
St ockpi | e-managed i nventory or a vendor - managed
i nventory.

And these things make up the | arge
majority of our inventory: we have 12, 12-Hour
Push Packages | ocated around the United States,
that makes up around 5 or 10 percent of our
inventory; the rest is in Stockpile-mnaged
i nventory or vendor-nmanaged i nventory.

Everything that's found in a 12-Hour Push
Package we al so have in vendor-nmanaged i nventory or
St ockpi | e-managed i nventory, plus we have
additional items that would not be found in a Push
Package. And one exanple of this would be vaccines
or antitoxins. W would only send these out--since

there's in rare supply-we would only send them out



if we know that we were going to use them during an
event. That way, we could ensure that they would
not be wasted.

And if an itemis needed that we don't
have on our fornulary, we can exercise our buying
power through our contracting partner, which is the
VA National Acquisition Center, to procure that
itemand send it to the affected area.

[Slide.]

As new products beconme avail able, either
t hrough Bi oShield or through other nechanisns,
there is a lot of information that the Stockpile
program woul d like to know as soon as possible so
that we can continue to plan for being able to
store and depl oy these products when they're
needed.

One of the first things that we're
interested in is what type of storage condition the
product is going to require; if it needs to be
refrigerated or frozen. As you can inmgine, space
for storing large quantities of these types of

items is at a premium so we have to start planning
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now for future procurenents.

Also, we're interested in what the fina
dosage formis going to | ook like; for exanple,
will it be a single-dose vial, a nmulti-dose vial or
a pre-filled syringe? Wre |ooking to find the
best bl end of cost-effectiveness, ease of use for
the end user; the | ongest possible shelf-life and
stability for a product; as well as whether or not
it will require any ancillary supplies that would
need to be married up with the product during
transportation, or perhaps kit-ed with the product
before it's transported.

Anything that requires ancillary supplies
is going to require additional storage space, so
that increases the anpunt of space that's needed,
as well as the cost to store it.

W're also interested in know ng what kind
of packagi ng you're | ooking at up front; not only
what each unit is going to | ook |ike when packaged,
but how many units you project to be in a case, and
t he case neasurenments, and how many cases are on a

pallet--all so that we can budget and find the
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appropriate storage |ocations for these itens.

And we're also interested in knowi ng what
kind of labeling is going to be placed on the
product. Before things becone |icensed, the |abe
woul d be an IND-type of label. And if it's
possible to use a two-part tear-off |abel, one that
can be used when the product is IND, which can be
torn off once the product becones licensed, that
saves a lot of time and energy of sending
everyt hing back for re-|labeling and going into al
the storage |ocations and perform ng re-1|abeling.

So those are all points that are inportant
to the Stockpile program as soon as that
i nformati on woul d be possible to know

Also, if products are going to be stored
at a location other than a government - owned
stockpile facility, or a governnent-|eased
facility, we're very interested in know ng what
ki nd of security is available at the non-government
facility.

And, if the product is going to be stored

at a Stockpile location, we're interested in having



a good working relationship with the manufacturer,
because we need to ensure that everyone is happy
with the storage conditions--tenperature, hunmdity,
etcetera--so that that information can be submitted
to the FDA for the final biologic license
application.

So these are sone of the concerns that
we're interested in in the Stockpile program And
if you're interested in know ng nore about the
St ockpile, we're linked to the CDC Bioterrorism
websi te.

Thank you.

[ Appl ause. ]

DR. MACALUSG:  Qur next speaker is Dr.
Marissa MIller. She's a Senior Advisor for Public
Heal th and Energency Preparedness at DHHS. The
title of her presentation is "Acquisition of
Medi cal Count erneasures for Bi odefense.™

DR. MLLER Good afternoon. And good for
you for hanging out so long. W appreciate your
attention.

[Slide.]
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You saw a slightly different version of
the drug-devel opnent pipeline. And really, just to
poi nt out that the BioShield programis a
procurenent activity. So it's meant to pul
products through the pipeline by providing funds at
t he end.

Now, this |ooks nice and continuous. And,
as you' ve already heard, it's not a perfect
pat hway--as we know. But it is based upon the
fundi ng of basic research |eading to the
i dentification of targets, devel opnent of [ eads,
and then the pre-clinical and clinical devel opment
of products. And this is meant to be a partnership
anong government and i ndustry and academ a

[Slide.]

So the BioShield project was first
announced by President Bush in his state of the
uni on address back over a year ago. And this is a
col | aborati on between Health and Human Servi ces and
t he Departnent of Homel and Security.

Now, we've been working kind of on the

prom se of BioShield. A year ago, in July, the
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House passed a version of the BioShield
| egi slation. Just recently you may have notices
that the Senate passed a new version. W are
waiting for the House to reconcile with this new
version, and for the |legislation to be enacted into
| aw when it is signed by the President.

Its purpose is to accelerate the process
of devel oprment of nedical counternmeasures for
bi odef ense, | argely because there is no market for
t hese products. In a normal situation, you would
have preval ence or incidence of disease driving
conpani es to devel op new products. All we have at
this time are the nonies set aside in the BioShield
program for the acquisition of these products.

Now, the underlying intent--and this is
very inportant, because there have been questions
and coments on this earlier--is to have a
i censabl e product devel oped | argely under the
Ani mal Rul e--but not exclusively under the Ani mal
Rul e--within eight years. So that is our goal in
the Project BioShield.

[Slide.]
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It is a three-pronged program It--as |
ment i oned- - est abl i shed secure funding, a source of
nmoni es for the purchase of these critically needed
bi odef ense countermeasures. |t also provides
i ncreased authority to NIH--specifically NTAID--in
order to expedite research and devel opment. And
then it al so--as was nentioned by Karen
M dt hun- - est abl i shes an emergency use authori zation
of the product.

[Slide.]

So, the secure funding that has
al ready--the appropriations bill was passed | ast
Cctober. So we, in fact, do have $5.6 billion set
aside for the BioShield program $890 million of
these dollars were allocated for FY 2004. And we
are in the process of spending those dollars now

And, as was nentioned, the BioShield
program while the nmonies flow through the
Department of Honel and Security, this programis
adm ni stered through DHHS in the O fice of the
Assi stant Secretary for Public Health Energency

Pr epar edness.



[Slide.]

Okay. | think I may have mssed a few
slides in there. But, skipping along, the
acqui sition of the reconbinant protective antigen
ant hrax vaccine is our highest national priority
right now. And this has been in process. And
awards will be made before the end of the fisca
year.

[Slide.]

There are a couple of points that | wanted

to make, and slides that apparently got del eted.
And just to--in terms of the BioShield acquisition
process, we are--yes, Wwe are in a situation of
critical need for medical counterneasures. And, in
light of the fact that the government can't go and
buy products off the shelf, we need this scenario
to be able to have products devel oped.

And what we are attenpting to do is to
stimul ate the devel opnent. We cannot fund R&D
t hrough Bi oShield. However, we are limted to the
pur chase of products--usable products--for

pl acenent in the Strategic National Stockpile.
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However, as was nentioned before,
devel opnent costs of these products can be fol ded
into the price.

Now, the payment for these products--we
are not buying products that are unproven or unsafe
or not effective. What we are doing is setting up a
situation where we can purchase these products. W
wi |l purchase them when they are ready to be used
and placed in the Strategic National Stockpile. So
our first payment for these products is nmade when
the product can be used, through a contingency use
I ND, or when the authority cones about for
enmergency use authorization

Addi ti onal payment--and then devel opnent
of the products is continued. This is very
important. This is critical. This is mandated in
all of our contracts. So product devel opnent
continues towards |licensure. \hen |icensure or
approval is obtained, then additional paynent is
made on the product.

[Slide.]

And this is howit is structured. Again
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it relates to the critical need for nedical
counterneasures, the lack of products, and the need
to be prepared in the best way possible, with the
| ong-term goal of having fully licensed products.

[Slide.]

So, to underscore this need, we are now
begi nni ng our second acquisition of BioShield
products. And this is for anthrax therapeutics.

We have out on the table--unfortunately,
it didn't get put in your books--but on the table
wi th additional handouts there is a
pre-solicitation notice. This went up on FedBusOps
as of yesterday. And what it does is it outlines a
federal governnent, Departnent of Health and Human
Services requirenent, for an acquisition that's to
follow, for a broad spectrum of anthrax therapeutic
products.

Agai n--as was mentioned by a number of the
participants earlier in this conference--we have a
45 percent nortality rate in the anthrax episode
that occurred in 2001. This means we're not

prepared, and we desperately want to becone



pr epar ed.

So we are initiating this first
acquisition, which will be followed by a subsequent
one, pending the availability of funds, in one year
hence, and again in two years hence.

We are | ooking for products that will be
Bi oShi el d ready. They nust be |licensable within
ei ght years--as was nentioned earlier

VWhat' s nmost inmportant for the company
representatives to know is that potential offerors
are required to have submtted an I ND application
to FDA by the tine of proposal subm ssion. Now,
what's sitting on the table is a pre-solicitation
notice--meaning a solicitation will follow,
foll owed by the collection of applications. And at
that tinme you need to have filed an | ND

The other absolute criteria for evaluation
is that you rmust have proof-of-concept data in
smal |l animals. So that is the entry criteria.

Again, this will be structured simlarly
to the other BioShield acquisitions, neaning that

it's a fully burdened cost structure, so we do not

414



pay for research and devel opnent. We realize these
products are in early stages--at various stages.
Sonme nay not be ready at this tine even to apply.
Hopefully they will be in the future--next year or
the foll ow ng year.

But the purchase will be of usable
product. So that's contingent upon the
contingency-use I ND status, and/or |icensure.

So, we hope--if you have any specific
questions about this synopsis, or the requirenent,
pl ease direct themto the contracting fol ks down at
CDC.

And | thank you for your attention.

[ Appl ause. ]

DR. MACALUSGO  our next speaker is Dr.
Judy Hewitt. She's a Research Resources Program
Oficer in the Ofice of Biodefense Research
Affairs at the National Institute of Allergy and
I nfectious Di seases. Her presentation is "N Al D
Opportunities and Resources for Biodefense
Count er neasures Research and Devel opnent . "

DR. HEW TT: Well, thanks, everyone, for
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staying to the bitter end, here.

I"'mgoing to go--1 have a | ot of slides,
but 1'mgoing to go through themreally quickly and
try and bring up the high points for this crowd.

[Slide.]

Okay. The link for our biodefense website
on the NTAID is here. And | would really encourage
you to look there for information. |It's constantly
updated. And the three main topics that | hope to
cover here are funding opportunities, resource
awards that we've already nmade, and sone other
resources that you may tap into.

[Slide.]

This is a picture of the website. And I'd
really like to draw your attention to the mddle
bar there, "For Researchers." The "Strategic Plan"
has links for all of the Category A through C
research agendas; the progress reports; sort of
hi gh |l evel s docunents |ike that.

The "Funding" link will take you to both
current and expired opportunities. And | would

al so encourage you to pay attention to even the



417
expi red opportunities, because we do sometines
recycl e those--bring them back maybe in sort of a
different form But we do use them over.
"Resources" will take you to the web page
that lists nine different resource awards that have
been made that nay be of use to you. And "Upcom ng

Meetings," also has links for neetings such as this
one today.

[Slide.]

This is--real quick--just our standard
i nvestigator-initiated research grant application
process. |'mnot going to say anything nore about
t hat .

[Slide.]

We al so have an SBIR program The
i mportant thing to note about this is that the
current notice goes through August of 'O05, which
means there are four nore receipt dates left on
this before we'll nmake a decision about whether we
want to reissue this notice or not. And the

recei pt dates are April, August and Decenber.

[Slide.]



The Bi odefense Challenge Grants--this is a
closed initiative, but is one that is maybe of
interest to this crowd, and perhaps also likely to
be recycled in some manner. It's a three-year
award--this also replaced the partnershi p awards.

These are three-year awards, and the
i mportant thing here is you have to have an
i dentified candidate product. So if you're already
into the devel opment pathway, then this is a good
opportunity for you if you have a good product
i dentified.

[Slide.]

The Regi onal Centers of Excellence--we
made awards in FY '03, but this initiative is back
out again. And | would al so encourage you to
consider trying to partner with either a new
Regi onal Center of Excellence application, or
per haps one of the awards that's already been nade.
The upconing receipt date is in Septenber. And
"Il say something nore about this when | get into
the awards that we've actually nade.

But, you know, this is a good opportunity
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to think outside the box and partner with acadeni a

[Slide.]

We al so have a notice out there that--a
notice of two RFAs that will be coming out in FY
"04. One is we are going to build additiona
Regi onal Bi ocontai nnent Laboratories; another is
we're going to put noney into alteration and
renovati on of existing space. So those are
opportunities that will certainly help with
research resources.

[Slide.]

Now, I'mgoing to switch to the resource
awards that we made--in case you just craw ed out
fromunder a rock. This is where the RBL and NBL
awards--this is the major construction that wll
i ncrease our BSL-3 and BSL-4 capacity in the

nati on.

These are national and regi onal resources.

And so once they're devel oped--and the timefranes
are shown here--hey will support activities of not
only academ a, but there will also be governnent

and industry work that can be done there. And the
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exact processes will be determined. There will be
user fees. But this is a possibility for conpanies
to get work done, without commtting to their own
contai nnent facilities.

[Slide.]

This map shows where the Regi onal Centers
of Excellence are |located. And, again, you can
partner with sone of these existing awards. And we
hope to make a few nore awards in this fiscal year
as well

[Slide.]

The thing to highlight about this slide is
that the RCEs are supposed to interact both which
pharmaceuti cal conpani es and bi otech conpani es.

So, you know, we're encouraging that. They may not
be com ng out and | ooking for conpanies to interact
with, but certainly you' re perfectly free to
contact themif you see activities they're doing
that could hel p you.

[Slide.]

And on this slide it gives the link for

the RCE website--which will give you links for the
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i ndi vi dual RCEs.

[Slide.]

This is another big award that we nmde:

t he Bi odefense and Enmergi ng I nfection Research
Resources Repository. The end of FY '03 this award
was nmade, and this repository is getting off the
ground. They have a website. And the main thing
woul d I'ike to encourage you to do is to register if
you would like to tap into any of the resources in
this repository.

You can follow the links. There's a
listing of materials. Right now, they're really in
sort of a collection phase, and getting ready to
di stribute things.

[Slide.]

I"'mnot going to go over this. It's
pretty self-evident.

[Slide.]

But, on this one, the thing that 1'd |ike
to highlight about this nmeeting in particular is
that toxin peptides--proteins are avail able through

this repository, and that's certainly sonething
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that some of you have tapped into already, and
woul d actually really support the devel opment of
antitoxin therapies.

[Slide.]

And, again, they have a website. And
there are lots of links there. And you can follow
that and get nore information there.

[Slide.]

The Pat hogen Functional Genomi cs Resource
Center is another award that's a bit nore mature.
And their website has the request process, the
forms--you know, a summary of the review process.
And you can go there and get specific information
about that.

[Slide.]

I"I'l just highlight a couple of
acconplishments relating to anthrax. There has
been a conprehensive genom c analysis of B
anthracis, and hee's the summary of that.

[Slide.]

There are mcroarrays that are avail abl e.

And | highlighted bacillus anthracis as one of



those. So if mcroarrays are in your plans at all
then certainly this is a resource you can tap into.

In vitro and gateway clone sets are al so
now avai l abl e.

[Slide.]

Anot her programis the in vitro and ani mal
nodel s program This is the programarea that |'m
responsible for. And this is, in essence, a sort
of a devel opnental pipeline. Three main parts: A
and B are in vitro screening capabilities and
clinical isolate panels; Parts C and D offer snmll
and non-human prinmate nodels of efficacy or
i nfection; and Parts E and F will provide us with a
safety, toxicology and i munogenicity or
pharmacol ogy testing for the various therapeutics
and vaccines that we hope to test.

| should point out that the in vitro
capabilities under these contracts are very
different than the in vitro capabilities that
Conrad Quinn described this norning. This is
really intended to give us sonme antim crobia

susceptibility testing to try and get nore
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antibiotics into the pipeline, because that's sort
of been an underserved area in the pharmaceutica
i ndustry of late.

And |'d also like to stress, you know, the
i nportance of parts E and F in devel oping the
saf ety and pharnmacol ogy profiles for candidate
t herapeuti cs and vacci nes.

[Slide.]

These--there were nultiple awards made
under these contracts, and they're issued task
orders for specific pieces of work under that.

Qur intent is to have a ready capacity to
get services in any of those six areas at any tine
that we feel it's necessary. We made six awards in
'03, and we're currently expanding that to try and
i ncrease our capabilities in all six areas.

[Slide.]

I mportantly, the purpose of this program
is to serve NTAID programmatic goals, as well as to
bri dge basic research discoveries fromour very
heal thy investigator-initiated research platform

And those are sort of conpeting needs at the



morment. The capacity within this program has
really sort of been taken over in the short term by
our own programmatic goals. W need to support
sonme of the advanced product

devel opnent--particularly the vaccines that we've
been supporting--to try and get themto |icensure.
But, along the way--as Ed stated earlier--as we
devel op these nodels, we will nake them avail abl e
to the conmunity. And at the point when they are
avail able, then there will be a website, and you
will be able to go and find the process for getting
into this pipeline.

In the meantinme, | would say just contact
me is the best way, until we have this--all the
procedures set for how to access these resources.

[Slide.]

And this just sort of a summary of how
we' ve been spending the noney under these
contracts. The bl ue piece of pie--44 percent--has
been in small-aninal efficacy nodels; the pink--48
percent--in non-human primates ani mal efficacy

nodel s; and then 8 percent support pharmacokinetics
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and PK. And that's the noney that we've spent to
dat e.

[Slide.]

And al so, then, by product category:
we' ve spent the bul k of the noney supporting our
vacci ne prograns; about a quarter of the noney in
supporting antibiotic efficacy studies. And,
lastly, a small piece of pie there for
t herapeutics. And that's really sort of a new
activity as well.

[Slide.]

So, just quickly I'Il go over a few other
resources.

I n Decenmber of 2003 we sponsored an
Aer osol Chal |l enge Technol ogy and Applications
Wor kshop. And the idea there was to really
increase the field, to present all the technol ogies
that were available. And the inportant enphasis,
t hink, that canme out of that neeting is if you're
tal ki ng about an early candi date, then you m ght
consi der sone of the |less technologically

chal | engi ng ki nds of chal |l enge nodel s, or aeroso
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nmodel s, and pursue, you know, sort of full-blown
GLP aerosol chall enge nodels only as your product
becomes nmore mature and is worthy of the resources
i nvolved in those kind of chall enges.

And we may or not conduct another one of
t hese ki nds of workshops, and it may also turn into
sonet hing of nore of a general aninal-nodel kind of
wor kshop--now that we've already focused on the
t echnol ogy.

[Slide.]

Anot her big point that I'd |like to nake is
that NIAID has invested heavily in a variety of
sort of behind-the-scenes kinds of things as we've
encountered different problens in our own prograns.
We' ve recogni zed the need to refine or further
devel op ani mal nodels, the challenge materi al
pot ency assays and acceptance criteria go into this
as well; the challenge procedures.

Assays is another thing that's really
important in getting all of these products to
licensure, and naking sure that the assays are

robust enough to nmeet our needs for the long term
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And reference reagents--as we devel op
those, those will also be deposited in our
repository and avail abl e.

The other thing I should point out about
his is that NIH in general has a commitnent to
sharing nodels. That's going to becone a condition
of award in, | think, the beginning of FY 2005.

So, you know, we're conmitted to--as we

devel op--get nore informati on about these various
ani mal nmodels, we're conmtted to getting t hat

i nformati on out there and nmaking it available so
that it's not necessarily tied to a particular
product, particularly if it will help nultiple
products.

[Slide.]

This is just sort of a slide that kind of
denonstrates the bal ance between nmeeting our own
programmti c needs for the counterneasures that
we've already committed to devel opi ng--bal anci ng
t hat agai nst the wonderful ideas that are com ng
out of the investigator-initiated portfolio. And

we need to nmake careful decisions about how we're
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going to pursue all of these. And in the short
term | think, all of the benefits that will cone
out of our advanced project devel opment activities
will serve the earlier products that are comi ng out
of the investigator-initiated platform

[Slide.]

And then, just lastly, to end up with this
slide.

Research Resources is an arrow sort of
goi ng along the bottom of this entire devel opnment
pi peline. NH has a huge history in conducting
basic research. And we're really now having to
focus nore on goal-oriented activities--at the end
of the day, having vaccines, therapeutics and
di agnostics that are really noving through the
pipeline; if not all the way, at |east far enough
along for BioShield to pick them up.

And the Research Resources--NH has made a
big coomitnent to those resources so that we can
keep this pipeline noving, and keep things--as nore
di scoveries are made in basic research, that they

can nove forward through the devel opnenta
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pi pel i ne.

Thanks.

[ Appl ause. ]

DR. MACALUSO  Dr. Julie Lovchik fromthe
Uni versity of New Mexico was scheduled to give a
presentation in an earlier session, but she was
del ayed due to travel conplications.

She is here now, and because the topic of
her tal k--"Ani mal Mdels for Testing
Therapeutics"--is of great interest to this
audi ence, we've asked her to give her presentation
as the end talk in this session, and then to join
us in the panel discussion

Julie?

Ani mal Model s for Testing Therapeutics

DR, LOVCH K: Hello. I'msorry to have
di srupted your schedule today. | had a little
difficulty getting here, and ny |uggage seens to
have been touring the capital

[ Laughter.]

So, | definitely regret nmissing all the

talks. I'msure it's been an interesting day.
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I work at the University of New Mexico
Heal th Science Center. W have a BSL-3. And | was
asked to share some of my experiences--our
experiences in testing ani mal nodel s--or using
ani mal nodels for testing therapeutics.

The Center is under the direction of Dr.
Ri ck Lyons, but he's out of the country. So | wll
try to fill you in.

[Slide.]

Al right. So, the problemfor
i nvestigators and bi otech conpanies is having
access to appropriate in vivo nodels to test their
t herapeutics. So, one of the goals in setting up
the Center, in conjunction with DIRA, was to be
able to take drugs fromnultiple conpanies and
i nvestigators that are tested in various ways, and
to evaluate them through a standardi zed nmodel in
order to be able to better judge and conpare the
efficacy of different drugs.

[Slide.]

So we have a BSL-3 that we've installed in

an SPF animal facility. And here are sonme of the



nodel s--murine nodels that we've established so far
in a standardi zed nethod. |Include organisns of BW
rel evance such as plague, tulerem a, cowpox as a
nodel for smallpox, and, of course, bacillus
anthracis, which we'll focus on today.

[Slide.]

I think they put the wong one in.

[ Pause. ]

Okay. Well

So, the first thing--the first issue is
the rel evance of getting things into the--what is
the beset nethod for getting things into the |ung?
And since humans are exposed to anthrax via
aerosol, you would think that that is the
nost--naturally assunme that that would be the best
way to get it into nouse.

And this is a typical nose-only set-up for
aerosol chanmber. M ce are exposed via the nose
only. And we've done a lot of work with Lovel ace
Respiratory Research Institute in New Mexico. And
in collaboration with them have |earned that

aerosol is a very conplicated process. It
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i ncludes--there are many internal particle
deposi ti on mechani sns, including inpaction
bi furcation, interception-diffusion. And these are
controll ed by various factors such as the
characteristics of the inhaled particles
t hensel ves; the size, shape, density, electrica
charge--and as well as the geonetry of the
respiratory tract and the branching patterns and
t he angles and the path | ength.

And al so the ventilation, including the
breat hing pattern, the node of the breathing,
respiratory rate, and tidal vol une.

In an aerosol chanber, the nice are
awake- -nmuch rapi d breathing, conpared to being
anest hetized, where their breathing rate is sl owed
down. And nmuch deeper breathing. Sedinentation is
actually decreased with increased rate of
respiratory rate

So--now on the one hand, the nouse lung is
much | ess conplicated than the human--the structure
of the lung. Once you get past the trachea and the

bronchi, you basically have a straight shot into



t he conducting airways--conpared to the highly
segment ed and branching structure of the human
| ung.

[Slide.]

And al so the cells lining the magjority of
nouse airways are simlar to the cells lining the
term nal bronchiol es of humans.

[Slide.]

However, mice also have a nuch nore
conpl ex turbinate structure, which actually inpedes
opti nmal aerosolization.

[Slide.]

And this is just a schematic show ng the
efficiency of deposition anong different species.
This is froma book fromLRI. And if you
see--1 ooking at the deposition into the alveol ar
region, in the particle range of--in the range of a
spore, you can see that with humans, ora
breat hi ng, that you get good deposition into the
oral--into the alveolar region. However, if you
| ook at just the difference between even a human

just nasal breathing, and the sinplified turbinates
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in the human, you can see that the deposition is
much- - has decreased.

Monkey is conparable--is very close to
human. But as you can see, rodents have very | ow
efficiency of deposition via aerosol

So, it can be done, but--and there are
advantages in that it can minmc particul ates, and
you give an even distribution. But the
di sadvantages are that it's technically chall enges.
It requires a large quantity of virus or bacteria.

The depositions are dependent on nultiple
factors, as | tal ked about--the rate of breathing
when the mice are awake; environmental, such as
hum dity--which we have a [ ot of problemwth--or
| ack thereof, in New Mexico.

Deposition efficiency in pulnonary region
is very poor in rodents. A large portion goes into
the nares, the upper respiratory tract and the
gut--even with the nose-only chanber, you get a |ot
onto their fur, and they groom thensel ves and each

ot her.

Speci al situations are difficult to adapt.
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W work a lot with catheterized mce, and of
course, it's variable transfer between
institutions. So in conparison, intranasal and
intratracheal delivery, sonme of the advantages are
that it's technically easy to transfer anong | abs.
Dosing is reproduci ble. Most of the dose is
delivered to the lung. |It's adaptable to
nodi fications.

However, it does require a liquid and
distribution may be nultifocal, but not necessarily
evenly distributed.

So, initially, we set up to | ook at
i ntranasal versus intratracheal inoculation of
spores into the lung. And --of mce--and you can
see that both routes give you a dose response. W
saw, however, that the intratracheal, rather
requi red much |l ower dose for a lethal infection
than with the intranasal --again, probably jut
because you're bypassing the nares and going
directly into the |ung.

[Slide.]

We tried to |l ook to see what ot her



differences there were. W didn't see any

hi st opat hol ogi cal differences. Also, the rate of
germnation initiated after either IT or IN
delivery was simlar

[Slide.]

And this is just sinply looking at the
heat sensitivity of the organisns as an indicator
that the germination process has begun. And you
can see that after one hour, we see al npbst 95
percent have germination in both IT and IN.

[Slide.]

So, based on these studies, we
standardi zed the anthrax nodel in Balb/C mnice

using the Ames strain, with an intratrachea

adm ni stration of 5-10,000 spores. The spores are
grown according to your standard protocol devel oped

by Terry Kohler at UT in Galveston; and titred and

aliquoted in the freezer, such that each

experiment, you sinply have to take out an aliquot,

dilute it to a known amount, and adm nister it to
the ani mal s.

O course, you're dealing with Iive
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organisnms and live mce. |In order to docunent the
anount that's actually deposited into the lung, we
al ways routinely take two to three animals, after
30 minutes of infection, and renove the |ungs,
honogeni ze and plate, so that we have an actua
nunber that was deposited.

[Slide.]

We routinely see dissenination to the
spl een between 20 and 48 hours, and death occurring
a day or two later.

As | already said, we saw nore
reproduci bl e endpoints with the intranasal; nuch
nmore efficient--nore efficient and reproducible
results.

And just to conpare to subcutaneous, it
requires a much | ower nurmber of spores, you see
di ssenmination to the spleen. The kinetics are a
little bit longer--three to four days, and death in
four to five days.

[Slide.]

And--1 think I'mrunning | ate here,

so--just quickly, that when we | ooked at the |ynph



nodes at five hours, we could see organisms. W
had to do this by giving nore than the usual |etha
dose--the minimum | ethal dose of 5,000. It was
difficult to detect in the |ynph nodes at five
hours. But at 50,000, you can see that they were
detectible. And by 24 hours, it's very difficult
to find the | ynph nodes, suggesting that they have
necr osed.

Di ssem nation--the spores, or the nunber
of organisns tend to stay constant in the |ung.
About 20 hours or so you'd start to see
di ssenmination into the spleen--1 lost it--there.

And along with this system c spread, you
see sone increase now of organisns into the |ung,

which is consistent with the hemat ogenous spread of

the bacilli back to the Iung.
[Slide.]
And | think I'Il go through these quickly,

because |'m short on time. But, just basically,
that, remarkably, there's no inflammtion seen with
the primary inoculation into the lung. After 48

hours--you probably can't see this very well--but
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there are sone rods present in the capillaries and,
to a |l esser extent, in the pul nonary vessels.

The nost significant, or characteristic,
finding of the histological finding in the
mce--simlar to anthrax infection in other
speci es--is the nmassive necrosis in the spleen
You get sone congestion; fibrin deposits, and many
bacilli present.

[Slide.]

This was just to try and show you the rods
here. Sorry. | don't know if you can see that.

[Slide.]

So that's as much as | was going to go

into of the nodel. There's a paper coming out in
August, | think, in INl. It gives alittle nore
detail .

But next | wanted to discuss just sone of
the strategies for |ooking at testing drugs. And
we have several different ways of delivering--1"'m
sorry. Apologies. This is not the conplete--it's
the one | sent yesterday.

Oh, well.
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I wanted to di scuss some of
the--initially, sone of the advantages and
di sadvant ages of other aninmal nodels. But--I
apol ogi ze for that.

So, anyway, in the mce, the drug
del i very--we have oral and intravenous, sub-cu and
I P, and as well as we can now deliver continuous
i ntravenous i nfusion.

[ Pause. ]

Ckay.

[Slide.]

Well, and this is just an exanple of
screening potential antibiotics using the pul nonary
ant hrax nmodel. And one of the advantages of using
m ce, as conpared to rabbits and gui nea pigs, which
are a very good nodel --the pathogenesis--is that
t hey have nuch nore sensitive G tract, and are
prone to antibiotic-induced gastroenteritis. Wth
the mce we don't have that problem

And, in all experinments, the standard
control is ciprofloxacin, which the mce survive

100 percent.



[Slide.]

Another thing | wanted to point out was
that the--although the death in the animals is due
nmost likely to septicem a, regardless of the route
of entry, that the route of infection is still
i mportant when you have to anal yze certain drugs;
anal yzing different i munonodul ators which act on
the innate i mmune response.

We found that there was a significant
enhancenent in survival when the organi smwas given
subcut aneously, but you did not see that with the
pul monary route of infection. And one of the
likely reasons is sinply because the fact that,
well, if you |look at the skin in the area of
infection, with SQ that you get a |lot of
i nfl ammati on conpared to the lung, which you do
not, and thus there's probably--the cells are there
t hat the i munonodul ators can act upon

[Slide.]

O course one of the linmtations in the
nouse nodel is that the main virul ence

factors--capsule, lethal toxin and edema toxin
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that the capsule plays a larger influence in the

muri ne nmodel than in other nodels. And the

anti capsul ar nonocl onal anti body seen here is

protective. But the AVA vaccine, against a

virulent strain of anthracis in Balb/C nmice is not
protective.

[Slide.]

However, we can get around this by
utilizing the DVA-2 mice and the Stearns stain--a
capsul ar strain which has a toxin, in order to
screen various toxin inhibitors. And you see here
t hat AVA vaccine protects these mce

[Slide.]

And here's one exanple from a nonocl ona

anti body agai nst toxin that showed fairly good

ef ficacy.

[Slide.]

So, no nodel is perfect. B. anthracis, we
have a | ot of advantages and di sadvantages. | had

wanted to discuss nore just sinply cost is a huge
factor, and al so the ampunt of material needed from

R&D compani es to be able to qu