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PROCEEDI NGS

Agenda Item Statenent of Conflict of Interest,
Announcenent s

MR JEHN. M nane is Donald Jehn. | will be the
executive secretary for the 88" meeting of the Bl ood
Products Advisory Conmittee.

Today’s neeting is conpletely open to the public.

At this time, | would like to go around the table
and introduce the commttee and consultants that are
participating in this nmeeting.

[ I ntroducti ons]

Comm ttee nmenbers not in attendance today are
Drs. DiBesceglie and Kuehnert. Dr. Denetriades was goi ng
to be a tenporary voting nmenber, but he got ill at the |ast
moment and will not be in attendance today.

I nvited guests of the commttee are Dr. John Hess
and Dr. Jeffrey Scheul en.

W would like to thank all the nenbers and TVMs
for joining us today.

| have a statement to read, briefly.

Many have gone on the Wb site and noticed that
sonme of the information m ght be msleading, the way it is
presented. CBER s advisory committee staff apol ogizes if
t here has been any confusion regarding the titles of

mat eri al s posted on the FDA Wb page. Sone naterials were



listed by the first few words in the docunments rather than
by the nore appropriate title. Specifically, review nunber
4 was incorrectly attributed to Dr. Laurence Landow of the
FDA. This docunent was, in fact, witten by a speci al
government enpl oyee engaged by the FDA as an outside
consul t ant.

W will attenpt to correctly name the posted
docunents after the neeting.

| have the conflict-of-interest statement to
read. Bear with ne.

The Food and Drug Administration is convening
today’s neeting of the Blood Products Advisory Commttee
under the authority of the Federal Advisory Conmittee Act
(FACA) of 1972. Wth the exception of the industry rep,
all menbers and consultants of the committee are speci al
government enpl oyees (SGEs) or regul ar federal enployees
from ot her agencies and are subject to the federal
conflict-of-interest |laws and regul ations. The follow ng
information on the status of this advisory comrittee’s
conpliance with federal ethics and conflict-of-interest
| aws, including but not limted to 18 USC 208 and 21 USC
355 Section 4, is being provided to participants in today’'s
neeting and to the public.

The FDA has determ ned that menbers of this

advi sory commttee and consultants of the commttee are in



conpliance with the federal ethics and conflict-of-interest
laws, including but not limted to 18 USC 208 and 21 USC
355 Section 4. Under 18 USC 208, applicable to al

gover nment agencies, and 21 USC 355 Section 4, applicable
to certain FDA conmittees, Congress has authorized FDA to
grant waivers to special governnment enployees who have
financial conflicts when it is determ ned that the agency’s
need for a particular individual’s services outweighs his
or her potential financial conflict of interest (Section
208) and where participation is necessary to afford
essential expertise (Section 355).

Menbers and consultants of the conmttee who are
speci al governnent enpl oyees at today’ s neeting, including
speci al governnent enpl oyees appoi nted as tenporary voti ng
nmenbers, have been screened for potential conflicts of
interest of their own, as well as those inputed to them
i ncludi ng those of their enpl oyer, spouse, or nminor child,
related to the discussions of preclinical and clinical
studi es of the henogl obi n-based oxygen carrier bovine
pol ynmeri zed henogl obi n, HBOC- 201.

In addition, the commttee will discuss an
energency research study of HBOC- 201 proposed by the Naval
Medi cal Research Center. These interests may include
i nvestments, consulting, expert-w tness testinony,

contracts, grants, CRADAs, teaching, speaking, witing,



patent and royalties, and primary enpl oynent.

Today’ s agenda al so i ncludes an updated sumary
of the October 11, 2006 public hearing on energency
research. | n accordance with 18 USC Section 208, Part 111,
no wai vers were required for today’ s discussion. Wth
regard to FDA' s guest speakers, the agency has determ ned
that the informati on provided by these speakers is
essential. Dr. John Hess is professor of pathology and
nmedi ci ne, and associ ate nedi cal director, Blood Bank,

Uni versity of Maryland Medical School. M. Jeffrey
Scheul en is an EMS training specialist, Emergency Medi cal
Servi ces Education, Washington Hospital Center. As guest
speakers, they will not participate in the conmttee

del i berations, nor will they vote.

In addition, there nay be regul ated i ndustry and
ot her outside organi zati on speakers nmaki ng presentations.
These speakers may have financial interests associated with
their enployer and with other regulated firns. The FDA
asks, in the interest of fairness, that they address any
current or previous financial involvement with any firm
whose product they nay wi sh to comrent upon. These
i ndi vi dual s were not screened by the FDA for conflicts of
interest. Dr. Louis Katz is serving as industry rep,
acting on behalf of all related industry, and is enpl oyed

by the M ssissippi Valley Regional Blood Center. Industry



reps are not special governnent enployees and do not vote.

This conflict-of-interest statenent will be
avai l able for review at the registration table. W would
like to rem nd nmenbers and consultants that if the
di scussions involve any other products or firns not already
on the agenda for which an FDA partici pant has a personal
or inmputed financial interest, the participants need to
excl ude thensel ves from such invol vemrent, and their
exclusion will be noted for the record. FDA encourages al
ot her participants to advise the cormittee of any financi al
rel ati onshi ps that you may have wi th any sponsor products,
direct conpetitors, and firns that could be affected by the
di scussi ons.

At this time, | turn the nmeeting over to Dr.
Siegal, the chair. | believe Dr. Epstein wanted to make a
statenment at this tine.

Agenda Item Openi ng Remar ks

DR. EPSTEIN. | will just defer to Dr. Siegal, if
he would like to offer a word of wel cone.

DR, SIEGAL: | just want to thank the FDA for
appointing me to this. | hope | can live up to the
expectations of the chair.

DR. EPSTEIN. On behalf of FDA, | would like to
add nmy welcone to that of Dr. Siegal and to thank the

nmenbers of the commttee in advance for the inportant work



t hat you have each cone to do today.

The topic for today’ s discussion, as stated
earlier, is a proposed clinical trial by Naval Mdical
Research Center of Biopure Corporation s bovine-derived
henogl obi n- based oxygen carrier, HBOC-201, in the setting
of acute urban trauma with henorrhagi ¢ shock. FDA has
placed this trial on hold since 2005, for scientific
reasons that will be presented and that you will be asked
to discuss. Qur action in this matter has been taken
agai nst a background of intense interest at the Center for
Bi ol ogi cs Eval uati on and Research in facilitating the
devel opnent of henogl obi n- based oxygen-carryi ng products
for a variety of unnet nedical needs, including potential
i nprovenent in resuscitation of trauma victine with life-

t hreatening henorrhage. CBER is interested in pronoting
progress in this area and in this case has sought i nput
fromthe Center for Drugs, as well as from outside experts.

FDA recogni zes that the issues we will be
di scussing are difficult. W also recognize the inportance
of such products to public health and to individual
patients. Although the decision to permt the proposed
clinical trial or any nodification to proceed lies with the
FDA, the advice of the commttee is very inportant and will
be considered both fully and very carefully by the agency.

In this spirit, we wel conme your deliberations at



this nmeeting and we | ook forward to receiving your expert
scientific advice. Thank you.

DR SIEGAL: Let’s start with agenda item 1.
Toby Silverman, MD, chief, CRB, DH, OBRR, CBER, wll give
an overvi ew of CFR 50. 24.

Agenda Item Summary of COctober 11, 2006 Public
Heari ng on Enmergency Research

DR. SILVERMAN. [Slide] Good norning, everyone.
My name is Toby Silverman. |’'mthe branch chief for the
Clinical Review Branch in the Division of Hematol ogy in the
O fice of Blood Research and Review. It’s ny group and
others in the division which are responsible for the review
of I ND 12504 from Naval Medi cal Research Center

[Slide] 21 CFR 312 is a set of regulations that
governs the conduct of investigations with investigational
new drugs. It specifies, in general, that research
subj ects are not exposed to unreasonabl e ri sk.
| nvestigations with investigational new drugs are subject
also to other regulations to protect the rights and safety
of subjects. These are found at 21 CFR Part 56, which
governs institutional review boards, and 21 CFR Part 50,
whi ch governs i nforned consent.

[Slide] 21 CFR 50.24 is the set of regulations
governing the conduct of clinical trials in energency

situations with exception fromthe requirenents for



i nformed consent .

[Slide] 21 CFR 50.24(a)(2) specifies that
subj ects must be in a life-threatening situation for which
avai l abl e treatnments are unsatisfactory or unproven; that
there is a need to collect valid scientific evidence to
determ ne the safety and effectiveness of particul ar
interventions; that obtaining infornmed consent is not
f easi bl e because the subjects will not be able to give
their informed consent as a result of their medical
conditions and the intervention under investigation nmust be
adm ni stered before consent fromthe subject’s legally
authori zed representative is feasible; finally, that there
is no reasonable way to identify prospectively the
individuals likely to beconme eligible for participation in
the clinical investigation.

[Slide] Part (a)(3) states that participation in
the research nmust hold out the prospect of direct benefit
to the subjects participating in the study. There nust be
a potential for direct benefit. So information from
appropriate animal and other preclinical studies and
rel ated evidence nmust support the potential of the product
to provide a direct benefit to the individual subject.
Despite the uncertainty, the investigational intervention
is intended to be beneficial and there is conceptual

preclinical and possibly clinical evidence that the hoped-



for benefit outweighs the potential risks. This is found
in the preanble to the Cctober 2, 1996 rule.

[Slide] Harms nust be minimzed. To mnimze
harns, the risks associated with the study are reasonabl e
inrelation to all available information about the nedical
condition of the subjects of the study, the risks and
benefits of standard therapy, if any, and the risks and
benefits of the proposed intervention or activity.

Thank you.

DR SIEGAL: Next we will hear from D ane
Mal oney, JD, associate director for policy, 10D, CBER, FDA,
di scussing the public hearing on Cctober 11, 2006, on
ener gency research

Agenda Item Summary of COctober 11, 2006 Public
Heari ng on Enmergency Research

DR. MALONEY: [Slide] Good norning. | am Di ane
Mal oney, the associate director for policy in the Center
for Biologics. 10Dis the Imediate Ofice of the
Director. You have a |ot of acronyns up there, so | just
wanted to say where | amin the Center.

You have just heard fromDr. Silverman, who has
given you a brief introduction to our energency research
rule. | will give you a brief update on a public mneeting
that we held in October to seek input on this inportant

topic. | amproviding this talk for your information only.
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W will not be asking for your input on the specific
el enents of the rule, but just nore for your background and
where we are.

[Slide] FDA held a neeting and the scope of the
neeti ng was energency research conducted wi thout infornmed
consent. The purpose of the neeting was to obtain input
fromthe public on their experiences, challenges that they
have seen with the rule, any concerns they had, and any
suggestions that they m ght have for us, and also for us to
determ ne, after we assessed the input that we received,
whet her any changes were needed.

W were seeking input fromall interested
parties, including those nentioned on this slide: patient
advocacy groups, individuals who had participated in these
trials, institutional review boards, sponsors, clinical
i nvestigators, nedical societies, ethicists, and anyone
el se who wanted to provide comments to us.

[ Slide] The background: W issued the rule to
facilitate research and protect subjects. 1In doing this
rule -- this is going back to 10 years ago -- we sought a
| ot of public input before doing the rule, with a | ot of
enphasi s on what human subj ect protections would be needed
in an area where you woul d be involving an exception from
infornmed consent. It’s a narrow exception

e It involves patients who are in life-
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t hreat eni ng conditions that cannot give consent.

e The avail able treatnents are unproven or
unsati sfactory.

« The investigational product nust hold out the
prospect of direct benefit.

e The study cannot practicably be done with
consent .

* In addition, we had a number of other
protections in the rule for human subject protection.

[Slide] So now we have had 10 years of
experience with the rule. W have gotten together numnerous
times within the agency to tal k about our experiences.
Over these years, we have received informal input fromthe
public on various aspects of the rule. A nunber of people
have conmented that additional guidance is needed on
various aspects of the rule. In addition, people have
comment ed on the adequacy of the safeguards. Sonme have
said that the safeguards in the rule are adequate, but
addi ti onal gui dance, spelling out nore about what we nean
by them would be hel pful. Ohers have said that what we
have in the rule is too burdensone; it’s standing in the
way of research noving forward. O hers have suggested that
maybe additional safeguards are needed. |In addition, we
have heard from people that despite the goal of having nore

research done that |leads to products that really will help
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people in situations where there really aren’t good
products out there, a |ot of emergency research to achieve
this goal is not occurring, for nultiple reasons, sone of
t hose reasons being that it’s very difficult to design
studies in this area and the burden of conducting such
resear ch.

So after our experience of 10 years, we decided
to seek nore formal public input, so we held a public
neeting. In addition, we opened a public docket seeking
witten comrents fromthe coment.

[Slide] W announced the public neeting in the
Federal Register in August. |In the Federal Register
notice, we described the rule. W gave a |ot of background
about how we came about doing the rule, what the rule
covered, questions that came to our mnds that we thought
were inportant to receive input on fromthe public. In
addition, we issued a draft guidance at that tine, again
trying to provide additional guidance to people who were
i npl enenting the rule on sone of the things that we thought
woul d be hel pful to them But we issued it as a draft,
recogni zing that we wanted to seek additional input and
t hen go ahead and issue a final guidance after we received
t hat i nput.

W requested witten conments on the public

neeting to be submitted to us by Novenber 27, and the
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neeti ng was held on Cctober 11.

[Slide] This slide just summari zes some of the
i nput that we received. W received approxinately 80
witten responses. Mst of the people that wote in did
voi ce support for the regul ation, recognizing the need to
advance getting therapies out there in situations where
there really aren’t good therapies. Sone of those who
wote in did voice the need for additional guidance,
especially in the areas of community consultation and
public disclosure. There were a nunber of people who did
express opposition to any research that involves a waiver
of informed consent.

At the public neeting, we heard from 17 speakers.
Al'l of those who spoke did support the need for the rule
and the exception for consent, although in addition to
supporting the rule, they did make a nunber of different
suggestions. Those suggestions varied quite a bit. The
maj ority of people who presented were researchers. W also
heard fromrepresentatives of a nunber of different
organi zations, as well as froma sponsor and an | RB
representative.

[Slide] At the nmeeting a nunber of issues were
di scussed. Not all of the questions that we raised in the
Federal Register were addressed at the public neeting. |

amgoing to highlight the topics that we did hear at the
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neeting. The comrenters spoke about the scientific aspects
of emergency research, as well as hunman subject protection.
Agai n, we heard nostly about comrunity consultation and
public discl osure.

[Slide] What we heard from people is the need
for clarification of some of the criteria in the rule.
Peopl e spoke about the phrases “the prospect of direct
benefit” and “avail abl e treatnent being unsatisfactory or
unproven.” Again, they were seeking clarity there.

The agency is still assessing what we heard, so |
really can’t give you a final synopsis of what we heard.
But | was on the panel, and one of the things |I heard from
t he peopl e who spoke at the neeting -- with regard to
“unsatisfactory,” people said that just because a product
is on the market as approved, that does not nean that it
woul d be satisfactory in every situation. | think they
were | ooking, again, for nore clarity in that area.

[Slide] On comunity consultation, we heard from
the presenters about the costs of doing comunity
consul tation and about the feasibility of doing such
consultation. |In addition, people asked us questions about
the effectiveness of doing community consultation as a
human subj ect protection nechanism People al so spoke to
t he adequacy of consultation: How many neetings do you

have to have? Were do you have to go? How many people



15

shoul d be consulted before you woul d be considered to have
done adequate conmunity consultation?

[Slide] On public disclosure, people again asked
guestions about what the purpose is, what we are trying to
achieve. The rule requires public disclosure of the study
both before the study begins -- that is to alert the
comunity that the study is about to begin -- and after the
fact of the study results. That is for numerous purposes,
but one is, | think, to help researchers know where we are
so you don’t repeat studies unnecessarily.

Peopl e al so di scussed what | evel of detail of
i nformati on ought to be discussed publicly. 1In terns of,
for instance, the protocols, should the whol e protocol be
avai l abl e, parts of it, the investigator’s brochure?

[Slide] In addition, we heard from peopl e about
whet her or not additional review, besides that called for
inthe rule, is needed, and al so whether there was a need
for additional public discussion. W heard a |ot of
comments from people on the notion of a national advisory
board. It was quite varied. A nunber of people talked
about consideration of the use of a national |IRB, for
instance. Ohers tal ked about the use of an advisory
conmittee to discuss these kinds of studies.

So that is pretty nuch a sunmary of what we heard

at the public neeting. W are still assessing the comments
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to the docket, the witten comrents.

[Slide] Qur next steps are to review the
conmments that were submitted to the docket, as well as the
comments that have been subnitted to the agency on the
draft guidance that we issued. In addition, we will be
reviewi ng the presentations that we heard at the public
neeting. Then we will take all those into account as we
eval uate where to go from here, whether changes are needed.

Thank you.

DR SIEGAL: Now we will nove on to a review of
the proposed trial of HBOC-201 in trauma. We will have two
background presentations. The first is Abdu Al ayash, PhD
chief, OBRR -- he can tell us what these neans. After that
we will hear from Laurence Landow, MD, nedical officer

Agenda Item Overview of Henogl obi n-based Oxygen

Carriers

DR. ALAYASH. [Slide] Good norning. |’ m Abdu
Alayash. 1I'mwth the Ofice of Blood, Division of
Henmat ol ogy.

| amgoing to try to give you a very brief
overvi ew of sone of the biochem cal/physiol ogi cal aspects
of henogl obi n- based oxygen carrier, conmonly known as
HBOCs. This is largely based on our research at CBER, the
Di vision of Hematol ogy. The research program was

established al nbst 17 years ago. The nmain focus of the
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research is primarily on HBOCs. The idea here is to
contribute to the basic understandi ng of these very
conpl i cated, conpl ex bi ol ogi cal products.

[Slide] | amgoing go start with an outline of
some of the products that we deal with and sone of the
comon approaches used by industry to produce these
products. W have basically two classes of product:
fl uorocarbon-based, which are primarily synthetic -- | am
not going to deal with them-- and, of course, the
henogl obi n- based products. These are products that are
derived from outdated bl ood, be it human bl ood or bovine
bl ood. Henoglobin is isolated and extensively purified and
chemically nodified. The chem cal nodification can take
the formof either cross-linkage to stabilize the natural
tetramer of henoglobin -- cross-linked and the surface of
the protein is decorated with sone other agents to increase
the size -- or the product of the henoglobin is polynerized
and a large polyner, in some cases, is actually
encapsul ated within the lipid nmenbrane.

The chemical nodifications serve two basic
purposes: to primarily stabilize the henoglobin in the
tetrameric natural form-- otherw se, henoglobin wll
dimerize and will be cleared by the kidney very rapidly,
and, of course, it’'s going to be very toxic. Some of these

agents, secondly, are bifunctional. |In other words, they
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don’t only stabilize and pol yneri ze t he henogl obi n, they
can also alter the oxygen affinity and force the henpgl obin
to deliver oxygen

You need to bear in mnd that these products
aren’t really substitutes for blood. They are designed
primarily to provide oxygen and vol une repl acenent.

[Slide] If you were to | ook at the open
literature and review sonme of the preclinical/clinical side
ef fects associated with these products, these are sone of
the side effects you can find. Primarily, vasoactivity and
hypertensi on has been seen with alnost all HBCCs, in
animals and in humans. The primary cause for this, in
sinple terns, is the fact that henpgl obin outside the red
cells can scavenge nitric oxide, which is produced by bl ood
vessels, and that may lead to vasoactivity and
hypert ensi on.

The rest of the list is not extensive. But
primarily, biochem cally, one can safely trace them back to
the fact that the henoglobin is very reactive, and nost of
these reactions are triggered by the hene of the henpgl obin
itself.

[Slide] There are a nunber of issues that you
need to bear in mnd. Biochemcally, one could focus on
these two very basic issues, based primarily on our

experience and the experiences of others. Firstly is the
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nature of chem cal nodifications, the choice of reagent
that you are going to put in your product, the site of

nodi fication. 1Is it site-specific? Does it go where it is
supposed to go, the reagent that you are using? Is it
randon? |If the random nodifications of your product
produce a random nodification that nay | ead to sone

coll ateral damage to both the protein and the hene, of
course, that will ultimately lead to the hene | oss
prematurely. O course, the hene is extrenely toxic, and
you want to avoid that. So what you put in your product is
clearly very inportant, in terns of the choice of

chem stry.

The ot her issue, of course, is, whether you
really have a well-defined chem stry or not in your
product, you still have to deal with the fact that
henmogl obin is outside the red cells and, of course, is
going to be in inmediate contact with the vascul ar system
and that can trigger sone vascul ar oxidative effects. As |
said, it’s because of the primary effects of the renoval of
nitric oxide that may | ead to vasoconstriction and
hypert ensi on.

The other fact is that henpglobin is naturally
reactive. It can actually produce its own free radical and
damage itself. It can react with a nunber of oxygen

radi cal s produced by a nunber of cellular conponents. The
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conmbi nati on of the two pathways close to the vessel wall
could lead to sone vascul ar injury.

[Slide] | amgoing to use Oxyglobin -- this is
one of Biopure’'s products -- as a case nodel to illustrate
some of the biochem cal/physiol ogical issues that come into
all products. The reason | have chosen this henoglobinis
sinply because it is the only FDA-approved product for use
in veterinary nedicine, primarily in dogs with anema. O
course, it’s the only commercially avail abl e product that
we and many researchers have used in the |ast few years.

O course, | amnot really trying to draw any contrasts
bet ween 301 and 201, which is the subject of today’'s
di scussi on.

[Slide] It’s a polyner, as | said. |It’'s derived
frombovine. The first thing you want to do is to break it
down to these conponents and to see if the chemi stry that
you put in this product is really what you neant it to be.

The first thing we did was to fractionate the
polymer into fractions. As you can see here, it breaks
down to four fractions. In ternms of size, it is about 85
all the way up to 500 kd -- obviously, a large pol yner.
This is based on size exclusion. W also used |aser
scattering to confirmthe distribution of these fractions.

W actually took each fraction and ran the ganut

in ternms of characterization, in terms of the oxygen
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affinity of each fraction, its heme stability on oxidation,
its ability to react with nitric oxide. More inportantly,
we determned the site specificity of each fraction.

It looks like, overall, these fractions behave
the sane, and there is no unusual chem stry that we found
in our studies.

[Slide] This is one exanple of how the fractions
behave, as conpared to the polyner itself, in terns of
oxygen affinity. This is your classic oxygen equilibrium
curve. Here it shows you the nice signoidal shape of a
typi cal bovine and nodified henogl obin. As you can see,
the curve has shifted to the right for the fractions and
for the polyner itself. The nore you shift it to the
right, presumably, the nore oxygen will be delivered.

There are very m nor changes between the native
and the nodified. To just point out a couple of mnor
t hi ngs, the shape of the curve is now altered a little bit.
It’s a little bit insensitive to changes in the natural
allosteric nodifier that the henoglobin will face in the
real physiology. W don't really knowif this limtation
will translate to any significant thing in the real world.

| am now going to, after | finish the chem stry,
come back to the physiology, the issues that | tal ked about
alittle bit earlier.

[Slide] This is just to, in sinple terns, remnd
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you of the vessel wall and the relationship between red
cells and free henoglobin. As you can see, free
henmogl obi n, of course, unlike red cells, can actually,
because of the small size, reach to the vessel wall. O
course, this is the basis of some of the problens.

[Slide] Here is a cartoon illustration of what
we think is actually going on. You are going to hear
t hroughout the day about vasoconstriction and hypertension.
| think it’s inmportant to keep this particular sinple
picture in mnd when we deal with this issue. As you al
know, | am presenting here the blood vessel. This is the
wal | of the vessel. This is inside the vessel. O course,
you all know that nitric oxide is produced by the
endothelial cells Iining the blood vessels. The primary
function of nitric oxide is, of course, to relax the snooth
nmuscl e vis-a-vis a set of enzymes that directly inpact it.

But nitric oxide can also travel a considerable
distance in its short half-life. The yellow circle here
represents the distribution of NO. It can travel over a
nunber of barriers and it can actually reach the red cells.
It reaches the red cells, and, of course, the henogl obin
within the red cells will react with NO and that will
oxidize it very rapidly. But, renmenber, we have enzynes
inside the red cells that can deal with the ness that that

creat ed.
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[Slide] [If you have a free henpglobin in a bl ood
substitute, it would not flowwth the RBCs. It wll
actually get very close to the vessel wall in the area
which is known as the RBC-free zone. |It, of course, is
going to react inmmediately with nitric oxide. The affinity
of henoglobin to nitric oxide is alnost 500 times nore than
the affinity of henoglobin to its natural partner, the
oxygen. So the reaction is very inmmediate. That woul d
| ead to vasoconstriction, presunably.

The other thing is, of course, you are tipping
t he bal ance in favor of other harnful oxidants. These
oxi dants can actually interact with henoglobin. The
conmbi nation of these two sinple reactions can create an
oxi dative environment which will ultimately lead to sone
injury to the tissue.

[Slide] This is a sinple experinment that we have
done, just to show you the i mredi ate response in terns of
bl ood pressure. These are two small aninmals, rats. W
i nfuse Oxygl obin, or 301, 50 percent exchange transfusion.
As you can see, the bl ood pressure has i medi ate el evati on.
Mean arterial pressure is imediate. It peaks within a few
mnutes. It will gradually decline and nore or |ess reach
t he baseline w thin about three hours.

Anot her interesting point you need to keep in

mnd is the species difference between the two aninmals, in
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ternms of their response to the infusion of the HBOC. That
obvi ously needs to be kept in m nd when you actually deal
with the design of animl studies.

[Slide] This is one other sinple experinent that
we have done, just to mmc what | described about these
oxi dative reactions being due to nitric oxide or the
oxygen. We have worked with Ann Bal dwi n, who had a very
sinpl e system the nesenteric wi ndow. She can pull the
nesentery fromthe rat, put it on the Plexiglas, and
observe the mcrocircul ati on under the mcroscope. As you
can see, there is a clear network of small venul es and
arterioles in here. The contents of the blood vessels are
flushed out. Then, after she closes this area, obviously,
she perfuses this area with the henogl obin, followed by
al bumin, labeled albumn, to visualize the effect. As you
can see, after you perfuse the henpgl obin, you can see that
there is a |l eakage in the marked capillaries, and you can
see distribution.

W used a variety of henogl obins, actually. She
| ooked at the areas of |eakage, the surface area of the
| eakage, and she plotted them here. W conpared HBOC-301
wi th a nunber of henogl obins that we have in our hands. As
you can see, both the frequency of the | eakage and the area
of the | eakage are reduced with 301 conpared to nodified

henogl obi n, diaspirin cross-linked henpgl obin, and
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pol ynmeri zed henogl obi n AQ.

To test that these reactions that | described to
you actually occur in this sinple system we block the
di aspirin cross-linked henoglobin with cyanide. Cyanide
bl ocks the henme, the iron. The henogl obin woul d not be
able to interact with the radical, the one | described. As
you can see, the reaction was produced that clearly showed
that these would actually occur here.

When we added nitric oxide to the mx, again, we
were able to reverse the reaction here.

[Slide] So based on these sinple experinents
that | have explained to you and based on a wealth of
information in the literature, by us and a nunber of other
people, here is a general summary for you to keep in m nd.

Most HBOCs that we dealt with and nost HBOCs t hat
are in the open literature are reported to be vasoacti ve.
The thinking here is that this is in large part due to the
scavengi ng of nitric oxide.

Al so, inportantly, you need to keep in mnd that
it’s really the proximty of the product to the vessel wall
that may actually determ ne the degree of response.

| mportantly, not all HBOCs are created equal. It
really depends on the chem stry you put in your HBOC. |If
that HBOC can conme out of that mess in one piece, the

NO oxi dative insult, due to the intactness, if you |like, of
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the protein -- you kept the hene inside -- then that should
be okay. Probably henoglobin will deliver some oxygen. |If
you have natural reductants in the blood that will also

reduce t he henogl obin and rejuvenate the henogl obin, you
may be able to deliver oxygen.

| think that’s all | can actually say in these
nmonments that | have. Thank you

DR SIEGAL: W will nove on to Dr. Laurence
Landow from FDA.

Agenda Item Introduction

DR. LANDOW Good norning, everyone.

[Slide] [In July 2002, Biopure submtted a
bi ol ogi cs licensing application, or BLA, using HBOC 201 for
the treatnment of anemia in patients undergoi ng orthopedic
surgery. After reviewing data from 14 clinical trials,
conducted in over 1,300 subjects undergoing all types of
el ective surgery, FDA did not approve the product, but
i ssued a Conplete Review Letter in 2003. This letter asked
for clarification about how the trials had been conduct ed,
as well as questions related to safety and efficacy.

Bi opure has since decided not to pursue this
i ndication for |icensure of HBOC- 201.

I n June 2005, NMRC submitted the RESUS trial |ND
a Phase 3 study using HBOC-201 in subjects with

uncontrol | ed henorrhagi c shock, to be conducted under
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exception frominformed consent. This IND was placed on
clinical hold because of issues related to safety, an
inability to derive a nunerical estimte of the treatnent
benefit from ani mal data, and heterogeneity of the expected
nortality for individuals in the target popul ation.

[ Slide] The sponsor proposes to enrol
approximately 1,100 trauma subjects in the urban anbul ance
setting with uncontroll ed henorrhagi c shock, one-third of
whom are expected to have concom tant non-penetrating
traumatic brain injury. Any subject with penetrating head
injury will be excl uded.

The inclusion criteria of systolic blood pressure
| ess than 90, Revised Trauma Score of 1 to less than 5, and
age 18 to less than 70 nean that subjects to be enrolled in
RESUS represent |less than 1 percent of the adm ssions at
| arge trauma centers.

[Slide] dinical trial material, or CTM wll
consi st of either HBOC-201 or lactated Ri nger’s solution.
Because urban anbul ance transport times are short, the
sponsor expects that nost RESUS subjects will have tinme to
receive only two units, or 500 mlliliters, of HBOC 201
over 10 mnutes, with the actual rate to be deterni ned by
t he EMS provi der.

Subj ects who continue to have a bl ood pressure

under 90 or a bl ood pressure between 90 and 99 acconpani ed
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by a heart rate greater than 100 can recei ve additional
CTM up to a maxi mum dose of 1,500 mlliliters. Finally,
infusion of clinical trial material will be permanently
halted in any subject who experiences a bl ood pressure of
120 or greater.

[Slide] In subjects who have received 1,500
mililiters of CTMbut still have a bl ood pressure under 90
or 90 to 99 with a heart rate greater than 100, additional
st andard- of - care sol utions can be adm ni stered. Subjects
with a blood pressure above 99 but who, in the judgnment of
EMS personnel, remain fluid-under-resuscitated can receive
standard-of -care solutions if two or nore classic signs of
occult shock, such as thready pul se and decreased capillary
refill, are evident.

[Slide] Upon arrival in the emergency room no
new bags of HBOC-201 will be hung. Subjects in both
treatment arns are expected to require nultiple bl ood
transfusions. The sponsor has powered the trial based on
t he expectation that infusion of HBOC-201 in the anbul ance
will translate into a 15 percent relative reduction in 28-
day all-cause nortality -- that is, from58.1 percent to
49. 4 percent, with an al pha of 0.045. As nentioned
earlier, the sponsor proposes to conduct the RESUS under
wai ver fromthe requirenment for inforned consent.

[ Slide] FDA has several safety concerns with the
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RESUS trauma trial:

First, an increase in adverse events, including
serious adverse events and death, was noted in the HBOC 201
treatment arm of Biopure s elective surgery trials and was
apparent whether the control armreceived red blood cells
or crystalloid/colloid, or whether subjects were younger or
ol der than 70 years of age. This excess in the nunber of
adverse events in the HBOC-201 treatnment arm could
potentially be even greater in critically ill trauma
subj ect s.

Second, the amount of clinical safety data
provided to FDA to support the RESUS default infusion rate
of 50 mL/mn is extrenely limted. For exanple, in the
| argest trial to date using HBOC-201, the nean infusion
rate was 5 nL/mn, and only four subjects received the
product at a rate greater than 40 ni/mn.

[Slide] Third, FDA has safety concerns over
i nfusing a | ong-acting vasoactive product such as HBOC- 201
in the anmbul ance setting. Because infusion of CTMw ||l be
titrated agai nst systolic blood pressure and because many
of the classic signs of occult shock are nonspecific for
hypovol em a and have not been validated in hypotensive
trauma patients receiving HBOC- 201, EMS personnel coul d be
m sl ed into fluid-under-resuscitating HBOC- 201 recipients.

In addition, since HBOC-201's vasoactive effects
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can last for several hours, sinply stopping the infusion
may not prevent systolic blood pressure fromcontinuing to
rise. Because acute elevations cannot be nedically
controlled in the anbul ance setting, hypertension triggered
by the product coul d exacerbate blood |oss in subjects with
uncontrol | ed bl eedi ng.

[Slide] Biopure is currently conducting study
HEM 0125, a randomi zed, controlled Phase 2 trial of HBOC
201 for trauma subjects admtted to the emergency roomin
South Africa. So far, approximtely 10 subjects have
received the product plus standard of care and 10 have
received only standard of care. Wiile results fromthis
trial should provide insight into the safety of
adm ni stering HBOC-201 to trauma subjects in the hospital,
the information will be sonmewhat limted for the purposes
of RESUS:

e First, the study is small and, in addition, may
not tell us what mght occur with this vasoactive product
when admi nistered to trauma subjects in the field or urban
anbul ance setting.

« Second, HEM 0125 excl udes subject with
traumatic brain injury. In this subgroup, expected to
conprise one-third of RESUS subjects, prolonged bl ood
pressure el evations could exacerbate intracranial bleeding

and lead to a rapidly expandi ng space-occupyi ng | esion.



31

[Slide] In addition to safety concerns, FDA is
concerned that the sponsor’s nunerical estimte of clinical
benefit is based entirely on animal data. Although studies
in experinental animls show the product delivers oxygen,
there are inherent linmtations in extrapol ating survival
data fromanimals to hunman trauma subjects.

Second, since urban anbul ance transit tines are
relatively short and all RESUS subjects will receive
mul ti pl e bl ood transfusions once they reach the hospital,
the tinme available for the product to exert its effect is
relatively brief.

Third, the rule mandating permanent term nation
of CTMin any subject with a blood pressure of 120 or
greater raises the possibility that premature termnm nation
of HBOC-201 could result in subjects receiving too little
product .

I n anot her FDA presentation |ater this norning,
Dr. Silverman will present data froma subgroup of 45
subjects in Biopure’ s pivotal orthopedic surgery trial who
becanme hypotensive to a bl ood pressure under 90, which is
al so one of the entry criteria in RESUS, and were then
random zed to receive either HBOC 201 or red blood cells.
Ni ne subjects in the HBOC-201 arm or 36 percent,
experienced a peak bl ood pressure greater than 130 after

i nfusion of 500 mlliliters of product, conpared to only
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two subjects, or 10 percent, in the red-blood-cell arm

Si nce nost RESUS subjects are expected to require
500 milliliters of product, blood pressure responses to 120
or nore could translate into an actual dose |ower than
that. This could result in HBOC-201 subjects receiving too
l[ittle product to denobnstrate a putative survival benefit
when conpared to | actated Ringer’s.

Because of these concerns over safety and
ef fi cacy, FDA placed the RESUS trauma study on clinical
hol d.

| will now present FDA' s gquestions to BPAC in
preparation for the rest of the neeting.

[Slide] The first question is, please discuss
the foll owi ng safety concerns rai sed by FDA

« Safety signals and adverse events in previous
clinical studies;

 Denpnstrated vasoactivity of the product;

e Limted safety data for higher doses and rates
of adm ni strati on.

[Slide] Question 2: Please discuss whether the
avai l abl e preclinical and clinical data are sufficient to
estimate a treatnent benefit for all-cause nortality at 28
days in the proposed RESUS trial.

[Slide] Question 3: After considering al

avai |l abl e data, do the benefits outweigh the risks for
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i ndi vi dual subjects in the RESUS trial?

[Slide] Question 4. Are there additional data
that could help informan assessnent of benefit to risk in
the RESUS trial ?

[Slide] Question 5: Please coment on any
nodi fications to the study design that m ght inprove the
benefit-to-risk ratio in the RESUS trial -- for exanple, a
trial targeting a group with higher predicted nortality.

Thank you for your kind attention.

DR SIEGAL: W are going to nove on to the
sponsor presentations. W wll start with introductory

remarks by Dr. Dan Freilich, conmander, MC, U.S. Navy.

Agenda Item Sponsor Presentation: Introductory
Remar ks

DR FREILICH Good norning. | want to thank the
committee. In particular, M. Chairnman, thank you so nuch
for your time today. It is an absolute honor and a

pl easure to talk in such a venue.

Dr. Goodman and Dr. Epstein, | would like to
thank directly your staff for all the time that you have
put into it, and in particular the two reviewers, who have
spent an inordi nate anount of tine over the |last few years,
Dr. Landow and Dr. Silverman. Again, thank you so nuch for
your time.

| am not going to spend nuch time here right.
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would like to just give you an idea of the discussion
poi nts over the next two hours by NVRC

[Slide] After ny brief introduction, Dr. John
Mat eczun, rear admiral, who is the deputy surgeon general,
will talk about the inportance of RESUS to the Navy and
Marine Corps. Subsequently, Dr. Kaplan will tal k about
henorr hagi ¢ shock and open the discussion with an acadenic
setting. Next, Dr. Dutton is going to provide an overvi ew
of the RESUS study. Subsequently, Dr. Stern will provide a
preclinical HBOC- 201 study database summary. Dr. G eenburg
will do the sane for the clinical database. Then I wll
speak for about 60 m nutes on the RESUS I ND i ssues and the
overall benefit-risk prediction issues. Finally, Joseph
Acker will talk about the inportance of RESUS to the EMS
cormunity. Finally, Dr. Kaplan will talk again about the
i mportance to the overall civilian trauma community.

Wt hout further ado, | would like to introduce
Adm ral Mateczun, the deputy surgeon general of the U S.
Navy.

Agenda Item Inportance of RESUS to the Navy and
Mari nes

DR. MATECZUN: Good norning. | am probably the
only speaker who won’t have slides today.

Chai rman Siegal, M. Jehn, distinguished nmenbers

of the Blood Products Advisory Commttee, |adies and
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gentl emen, Dr. Goodman, Dr. Epstein: Thank you for the
opportunity to address you today regardi ng HBOC-201 and the
Navy and Marine Corps interest. |’mAdnmral John Mateczun,
deputy surgeon general of the Navy, here representing the
Navy surgeon general, Vice Admral Don Arthur, who woul d
have been here if he coul d.

W are here today to be expressive of our full
support of efforts to deliberate the benefits and risks of
HBOC- 201 for prehospital trauma patients. W are fully
committed to the devel opment of an oxygen-carrying
resuscitative fluid capability. Let nme tell you why.

Despite advances that have increased the survival
rates of mlitary casualties on the battlefield, henorrhage
has been and continues to be a | eadi ng cause of death.

Ni nety percent of mlitary trauma fatalities occur prior to
the casualty reaching hospital -l1evel care. |n Qperation

| ragi Freedom as many as 68 percent of those fatalities
have suffered severe henorrhage as part of their injuries.
Sone of these lives could not have been saved even if a
Level 1 trauma facility were i medi ately avail abl e.

However, sone would not have died if they could have

recei ved an oxygen-carrying substitute to sustain them

i mredi ately during evacuation and until they could receive
bl ood transf usions.

This is especially inportant in close-quarter
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urban conmbat and in other situations, such as special
operations, where evacuation nmay be dangerous, del ayed, or
both. W urgently need an oxygen-carrying capability that
does not require refrigeration, is universally conpati bl e,
and can be readily adm nistered in a field setting. This
is a capability that HBOC-201 coul d provide.

Today you will weigh questions of safety and
ef ficacy, potential risks and benefits of HBOC- 201
adm ni stration for prehospital henorrhagi c shock patients.
There are risks. There are inherent risks in all of
nmedi cal practice, and we are ethically obliged to assess
those risks in relation to the benefits for our patients.
A question for this clinical trial is whether the predicted
benefits of HBOC-201 admi nistration in a prehospital
scenari o outwei gh the potential risks.

In terns of benefit, we believe that many lives
m ght be saved in Operation lraqi Freedomw th this
capability. It would be worth our collective efforts if it
ultimately saved the life of only one of Anerica’ s sons and
daughters that our country has put into harm s way.

The Navy has aggressively pursued an oxygen-
carrying capability for many years. The investnent of
Def ense Department resources and the countl ess hours of
wor k by our top physicians and researchers underscore our

commtment to achieving an effective product. The Naval
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Medi cal Research Center has diligently forged a broad-based
col |l aboration with the private sector and acadenmia to bring
dept h of medical and scientific expertise to this urgent
probl em An FDA- approved oxygen-carrying resuscitative
fluid woul d serve as an inportant trauma tool in both
mlitary and civilian settings to optim ze resuscitation of
casualties with henorrhagi c shock.

W wel cone your expert nedical and scientific
review of this product and our proposed research protocol.
W | ook forward to your recomrendati ons and hope to nove
forward with this inportant emergency research.

On behalf of all the Navy and other military
nmedi cal providers who work daily to save the lives of our
injured, we greatly appreciate your efforts.

| would now like to introduce Dr. Lew s Kapl an,
director of the Surgical Intensive Care Unit and the
Surgical Critical Care Fell owship at Yale University School
of Medi ci ne.

Agenda Item Henorrhagi ¢ Shock:

Pat hophysi ol ogy, Cinical Presentation and Current
Tr eat nent

DR. KAPLAN:. Thank you, Admral. Good norning.

[Slide] Alowne to direct your attention to the
root cause of the RESUS Trial, henorrhagi c shock. Wat we

will do in the next few mnutes is tal k about
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pat hophysi ol ogy, how this is identified in the field, sone
initial goals, and then use those to construct a
resuscitation paradigmthat is absolutely targeted to

i mprove survival

[ Slide] Henorrhagic shock results fromacute
bl ood 1 0oss. There are a wide variety of causes, but chief
on this list is trauma. That’'s why we are here today. But
certainly henorrhagi c shock arises froma multitude of
events that may occur in and outside of the hospital.

[Slide] Acute blood | oss reduces both the red
cell mass and the plasma, which is the circul ating vol une.
This | eads to inpaired oxygen delivery to the tissues and
an i nmbal ance between the denand and the avail abl e supply.

[Slide] This inbalance | eads to anaerobic
net abolism W detect this biochemcally as an el evated
|actate level. But the cellular result is that of hypoxia.
This is conpounded by the adaptive and effective central
shunting of blood to protect cardiac and cerebral bl ood
flow.

[ Slide] Henorrhagic shock is readily
classifiable into four different categories. This is a
table that is lifted fromthe Advanced Trauma Life Support
book in 2004. You have Classes | through IV and a variety
of descriptors, all of which are readily identifiable and

objectively quantifiable, that hel p one to understand how
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much bl ood has been lost. | will direct your attention
specifically to Classes IIl and |V, which are outlined in
green. These are the classes of npbst accel erated
henmorrhage. These are the classes that have a different
nmechani sm and a different manner of therapy. | wll direct
you right down to the bottom where fluid therapy is
identified as crystalloid for the first two classes. This
is the standard of care that is carried on the anbul ance
and delivered in the enmergency departnment initially. But
for these two classes, it’'s IV fluid, which is crystalloid,
pl us bl ood transfusion. These are the target patients for
RESUS.

It also provides a therapeutic intervention
opportunity.

[Slide] But we have to identify these patients.
In fact, these triggers are identifiable and di scoverable
by all of the EMS providers. It is what is taught to them
in their national training curriculum tachycardia,
hypot ensi on, the use of physical exam nation to detect that
central shunting of blood, as well as nultiple
mani f estations, including a dimnished nmental status. That
is the end result of progressive shock. This is readily
di scoverabl e by all EMS providers, regardl ess of skill
| evel .

[Slide] The intervention opportunity here is to
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avoi d the sequel ae of unrelieved, uncontrolled henorrhagic
shock. Rem nd yourselves that in the field definitive
control of henorrhage is not possible for nost injuries.
So you are targeting an intervention that can act as a
bridge. Survival, as we know, is related to the rapidity
of henorrhage control. There are sone tinelines and

gui delines for how |l ong that can go on without untoward
sequel ae. There are a nunber of difficult areas where
reaching definitive control is problematic -- the mlitary
environment, as we have heard fromthe admral, and
certainly rural civilian trauma. So how do we keep these
patients alive to reach definitive care? That will be the
subj ect of the rest of the trial.

[Slide] But when they get to us, there is sone
very standard therapy: airway control, breathing,
circulation, evaluation for neurologic deficits, and
exposure control. These are all laid out in Advanced
Trauma Life Support. The provision of supplenental oxygen
and resuscitation with standard-of-care crystalloid fluid,
plus red blood cells as needed for henorrhagi c shock, goes
on in a very standard fashion. There are sone | aboratory
and radiologic investigations, all of which are directed at
identifying life-threatening probl ens.

[Slide] W are able to use a variety of

techni ques to identify when our therapy has not yet been
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successful. These are key: vital signs, physical

exam nation correlates, estimates froma variety of
catheters, such as urine output. W can assess acid-base

| evel s and a variety of derived indices that correlate with
shock.

But when we don’t have the kind of response that
we woul d like, the resolution of shock, we are also able to
ask, how well did we do? Do we need invasive nonitoring?
There are a variety of techniques that are readily brought
to bear, sonetines in the trauma bay, but quite often in
the operating roomor the intensive care unit. These are
not available in the field.

[Slide] In the field, we have two things. W
have external henorrhage control and we have resuscitation,
including airway control. But our current standard is
crystalloid. This does not carry oxygen. This does not
provide red blood cells. It does not provide clotting
factors. W know that it is inmune-activating. Large
volunes will dilute clotting factors and your red cel
mass. It may, in fact, induce an acidosis at the same tine
that acidosis is what you are conbati ng.

Not all of it remains in the vascular space -- in
fact, only a small proportion. This leads to very |large
vol unes of fluid required for significant resuscitation in

t hese al ready hypotensive and hypovol em c patients. This
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is inconsistent with the concept of small-volune
resuscitation, and |large volunes nmay, in fact, accelerate
henmorrhage prior to definitive henorrhage control

[Slide] There are at |east two solutions that
are currently available for snmall-vol une resuscitation.
One is a 6 percent hydroxyethyl starch in a bal anced salt
solution. This is currently carried by special-forces
operatives and it is used at civilian trauma centers.
Hypertonic saline is also available. However, this has
some limtations, based on induced el ectrolyte
abnornmalities, and has its best role, perhaps, in traumatic
brain injury.

But neither addresses the pathophysiol ogy that we
have reviewed -- loss of red cell mass and plasma vol une.

[Slide] The optimal fluid should be small -
vol une, repeatedly dosable, should not induce electrolyte
abnornmalities, and shoul d augnent oxygen-carrying capacity.
These el ements woul d hel p reverse and target the
pat hophysi ol ogy of shock. This is the prototypical design
for a henogl obi n-based oxygen carrier, and this trial seeks
to enpl oy HBOC- 201.

[Slide] The reason is very clear. It is
denonstrated in this graph. These are data from Abranson
in 1993, looking at the rate at which people clear |actate,

a bi ochem cal marker of shock, and how wel |l they survive.
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| will call your attention to this group, where 100 percent
survived if they cleared their lactate by 24 hours. This
is part of the reason we wi sh to use an oxygen carrier.

One cannot clear lactate until one has reversed the
anaerobi ¢ netabolism You need oxygen to do that.

But we will recognize that HBOCs have
vasoactivity. W nust guarantee that there is adequate
resuscitation. This trial has taken a huge nunber of steps
to ensure that.

[Slide] This is a schematic of the fluid
resuscitation algorithmthat is in place for this trial
This is the in-hospital portion. Patients have henorrhagic
shock at the start and they are either continuing to bl eed
or not. |If they are not continuing to bleed, they undergo
regul ar henmodynam c reassessnent, just like all of our
patients, clinically, do now. Those who are bl eedi ng need
ongoi ng standard-of-care resuscitation. They may need sone
operative or interventional radiology support. Once they
have achi eved tenperature control, they get reassessed. W
| ook for all of these things. W ask whether we have
achieved our goal. If not, there are options for invasive
nmonitoring to answer these questions: Are we vol ume-
depl eted, volune-replete, or, in fact, are we overl oaded
(rather uncomon in this patient population)?

[Slide] The color schenme is consistent. There
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are guidelines for what to do with volunme depl etion, again
usi ng standard-of-care solutions, with an acute henogl obin
goal of 8 to 10. If we are replete, we ask, is the cardi ac
per formance adequate? |If the answer is no, we go back for
nore resuscitation. If it is yes, we reevaluate. If we
are overl oaded, diuretics after |oad reduction may be
appropriate. W have a | ower henopgl obin goal in the

pati ent who has achi eved his endpoint. The goals here are
optim zation of cardiac performance. You can see how we
intend to assess those.

[Slide] It is not enough to sinply prevent
people fromdying acutely. This is a schematic | ooking at
nortality as a function of tine. 1In yellow you see death
fromthe injury that nmay occur in the early phase of
hospitalization. But we are also |looking |ater, out at 28
days, asking, have we hel ped patients to survive from
abrogating the sequel ae of unrelieved shock -- nanely,
mul ti-systemorgan failure? So we are | ooking at each of
t hose aspects of the trial as well.

[Slide] | will leave you with these concl usi ons.
There is a known pat hophysi ol ogy. W have revi ewed that.
This shoul d describe a target intervention. W know from
extensive trauna data that survival is enhanced with early
henmorrhage control and resuscitation. This is a

prehospital intervention, to help us achieve those goals.
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It addresses pat hophysiology and | believe is a sound
approach to inproving survival and mnimzing norbidity.

| will introduce Rick Dutton, chief of trauma
anest hesi ol ogy, at the R Adans Cowl ey Shock Traunma Center.

Agenda Item Overview of RESUS Study

DR. DUTTON: Good norning. Wlcone to ny
friends, ny coll eagues. For those who don’'t know ne, |’ m
Rick Dutton. |1’mthe chief of anesthesia at the Traumm
Center in Baltinore, the busiest trauma center in the
United States-- and for those of you who have to get on the
beltway this afternoon, fortunately, one of the best.
[ Laught er ]

| have been interested in resuscitation research
my entire career. | cane to the Trauma Center 12 years ago
specifically to study resuscitation and the care of sick
and dying patients.

[Slide] Qur objective inthis trial is to
conpare HBOC-201 with the standard of care, |actated
Ri nger’s solution, for prehospital resuscitation of
patients with severe henorrhagi ¢ shock -- so resuscitation
in an environnent where we don’t have access to bl ood
products.

[Slide] The trial design -- and you have heard
some of this fromDr. Landow, so | will go quickly: A

Phase 2b trial, part one, to assess the feasibility of



46

trial protocols, iron out the bugs, 50 subjects; assum ng
that is going well and the protocol is working, a Phase 3
trial of 1,100 subjects to denonstrate, hopefully, a
prehospital benefit wth HBOC 201.

[Slide] Inclusion criteria: Adults 18 to |ess
than 70 years old; injury with suspected bl eeding; systolic
bl ood pressure | ess than 90; a Revised Trauma Score -- and
| will talk a little nmore about this in a second -- 1 to
| ess than 5; planned transport to a study hospital; with IV
access.

Dr. Landow nentioned that this is only 1 percent
of our trauma patients. He is exactly correct. This is
the 1 percent that we are nost interested in. | teach ny
residents when they arrive at the Trauma Center that 95
percent of the people we take care of will survive and do
well in any hospital, in alnost any environnment. Three
percent or 4 percent will die no matter what. Sone things
just kill you. [It’s the 1 percent in between that
represents that cutting edge of medical practice and the
advancenent of care. This is the population we are
interested in. This was brought honme to me Tuesday
norni ng, on nmy way out the door to go to California to
| ecture, which | alnost didn't nake it back from M boss
was in the operating roomwith a state police officer who

had been shot serving a warrant that norning. Sone of you
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may have seen this in the news. This is the kind of
patient we are trying to take care of.

[Slide] The Revised Trauma Score can be
calculated by nedics in the field. In Maryland, it’'s part
of the Maryl and anbul ance information sheet. It’s
basically calculated as they wite the vital signs down on
the sheet. It includes blood pressure, respiratory rate,
and the d asgow Cona Scal e score for neurol ogic function.

[Slide] Exclusions for the trial: There are two
i nportant ones. The biggie is short transport tine. W
don’t intend this therapy for situations where blood is
avai lable. |If you are shot serving a warrant in downtown
Baltimore, you are in the Trauma Center in five to 10
m nut es and have access to bl ood products imredi ately. As
you can see, the protocol is witten so that if the
transport tine is going to be less than 10 to 15 m nutes,
the patient is not enrolled, unless, in the nmedic’s
judgnment, they are critically injured, bleeding very
severely, and with very unstable vital signs. W have |eft
that area a little bit gray specifically because we trust
the nedics’ judgnment in this respect.

[Slide] Oher exclusions: penetrating brain
injury; spinal cord injury; known pregnancy; burns; cardiac
arrest; allergies; and | should point out, any objection to

prehospital research, any expressed objection to this kind
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of trial; and, as | said, a short transport tinmne.

[SIide] The prehospital procedures: The nedics
will screen the patients, basically calculate the RTS,
determine if this is a patient who is eligible for trial
This is part of their routine care and happens as they are
taking the patient’s vital signs. To the extent possible,
they will disclose that a clinical trial is under way.

Wai ver of informed consent is a very conpl ex topic,
obviously. | will talk a little nore about that as we go
along. But the first step is sinply notifying patient or
famly that there is a trial under way and giving themthe
opportunity to express an objection to it, if they have
one, or understand that. Many of the patients we enroll in
this trial, as those of you who are famliar with the

Revi sed Trauma Score know, wi |l not be conscious, wll not
be able to consent, or even comunicate, at the time they
are enroll ed.

Once the patient is included in the trial, they
receive trial product infusion, either 500 nL of HBOC- 201
or the standard of care, a bolus of Ringer’s lactate. You
have al ready heard the requirenments for stopping and
starting that along the way. Again, we trust the
paranmedics to follow the patient’s vital signs and adj ust
the therapy in accordance with how the patient is doing.

That’s no different than they do today.
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[Slide] There is a clearly spelled-out algorithm
for the nedics. | don't expect you to read this. This is
here to illustrate that it’s there

[Slide] Once the patient arrives at the
hospital, any inconplete trial product is finished and the
patient receives routine care. \Whichever group they are
enrolled in, the standard of care is the standard of care,
and they get the best practice fromthat point forward,

i ncludi ng the use of uncrossmatched red cells, danage
control surgery, acute resuscitation, critical care, and so
on.

The informed consent process continues through
this. As we have the opportunity to talk with the patient
as he awakes or the famly as they arrive, we will continue
to present information to them about the study, answer
t heir questions, and nove forward on consent.

[Slide] W have witten guidelines -- and you
have themin your appendix -- for fluid resuscitation, for
bl ood conposition, for use of pressors and inotropes, and
for managenent of brain injury. Al of these are what is
inthe literature now as the current evi dence-based
standards for care in these areas.

[Slide] The primary outcone of RESUS is reduced
28-day nortality. It can be nothing less for a waiver-of -

consent trial. GObviously, the product has to be safe and
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t ol er abl e.

[Slide] In any clinical trial of this nmagnitude,
particularly in as difficult a logistic setting as
prehospital care, we are going to capture every variable we
can fromthe patients. W have a |ong proposed |ist of
secondary endpoints. W are not going to throw away any
data we can get on these patients. You can see those here.

[ Slide] The consent process | have al ready
nmenti oned. The study will need to be done with an
exception frominformed consent. W intend to conduct
comunity consultation and di sclosure. W have presented
plans for that. W expect to work closely with |Iocal |RBs
to go through this process in individual conmunities.

As | have already alluded to, we feel that this
ki nd of consent nechani sm needs to be an ongoi ng process,
begi nning with notification pre-enroll nent and conti nui ng
in discussions with the patient and fam |y throughout the
patient’s care, with the option to withdraw fromthe study
at any tinme.

[Slide] There will be a Wb site. You can see
an exanple of this here. W intend to be as transparent as
possible with the public and put the infornmation on the
study where they can find it and where their questions can
be answer ed.

[Slide] These are exanples of sone screens
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di scussing side effects and potential conplications of the
t her apy.

[Slide] This is what the script |ooks |Iike that
we are going to provide the nedic with

* You appear to have severe bleeding. You're in
shock. You need treatnent.

e As part of a research study, we are testing a
new f 1l ui d.

e This research study has been approved by our
hospi t al

e There are risks, but we wouldn’t be doing the
trial if we didn’t think it was beneficial.

e Unless you object, you will be included in the
trial and will get either the trial product or the standard
of care.

e If you do not want to be in the trial, we wll
take care of you the best way we know how.

e Tell us imediately.

As you can inmagi ne, even that amount in the
prehospital environment is alot. That’'s a lot to do.
It’s a busy time. There is a lot going on. As one of ny
predecessors, | guess, Dr. Cowley, said, it’s the golden
hour for henorrhagi c shock

[Slide] There will be a DMC to nonitor the

results of the trial, reviewing both efficacy and safety
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endpoi nts. You can see the planned interim anal yses.

[Slide] The stopping criteria for the trial:
There is an absolute stopping criterion if we denonstrate a
benefit of the product. That is appropriately adjusted for
boundary conditions and small nunbers of patients. You can
| ook at the statistics in the conplete plan.

[Slide] There are stopping criteria for safety
endpoints. | will abbreviate this to basically say that if
the product is not showing a benefit, but is showi ng a
serious adverse side effect or a worsening of one of the
key surrogate neasures, then we would stop the trial.

[Slide] In summary, RESUS is a pivotal trial of
HBOC- 201 for prehospital resuscitation of severe
henorrhagi ¢ shock. The conparison is in the prehospital
environment with the current standard of care, which is
asangui nous fluid infusion. The trial will not alter in
any way the care of the patient once they arrive at the
hospital. Because of the nature of this trial, it wll
i nvol ve exception frominformed consent. The trial, with
1,100 patients, has been powered to denonstrate a 15
percent reduction in the relative risk of death in this
very highly lethal condition

Thank you very rmuch

| will now introduce Dr. Susan Stern fromthe

Uni versity of M chigan, another lifelong resuscitation
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researcher, who is going to go through some of the
preclinical or basic science studies related to HBOC- 201.

Agenda Item Al Preclinical HS/ Traumatic Brain
I njury Studies

DR. STERN: Thank you. Good norning.

| am going to present the preclinical data today
fromtrauma-rel ated studi es of henorrhagi c shock with
henogl obi n- based oxygen carrier 201.

[ SIide] HBOC-201 has been conprehensively
evaluated in 22 trauma-rel ated studi es of henorrhagic
shock. These studies were conducted using a very w de
variety of very conpl ex nodels, as shown here, including
control |l ed henorrhage nodels, ranging fromvery mld to
very severe, uncontrolled henorrhage nodels, in which
animals received either a severe liver or arterial injury,
and nodel s that conbi ned both traumatic brain injury and
henor r hagi ¢ shock

Wil e no single aninmal nodel can replicate the
wi de range of injuries observed in the clinical setting and
t he heterogeneity of the trauma popul ati on, the breadth of
t he nodel s used in these studies, we believe, provides a
conprehensi ve eval uation of the effects of HBOC-201, and in
nodel s that very closely sinulate the pathophysiol ogic
processes observed in trauma patients. These nodels

col l ectively address the range of physiol ogic conditions
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that are expected in the RESUS trial and denonstrate a very
t hor ough eval uati on of HBOC-201 i n henorrhagi ¢ shock.

[Slide] The nmpjority of these nodels used
anest heti zed pigs. The sinmulated prehospital phase in
t hese studies ranged from 30 mnutes to eight hours, while
t he sinul ated hospital phase from hours to days, once again
covering a very wi de range of physiologic conditions. As
j ust described, this nodel devel opnment is consistent with
the RESUS trial. For your reference, in the prehospital
phase, animals received only HBOC-201 or the control
prehospital fluid, and it was only once they reached the
si mul at ed hospital phase that they received transfusion, as
wel |l as intensive care unit and surgical intervention, as
appropri at e.

Bot h bol us and conti nuous infusions were studied
in these trials. The animals were resuscitated to a target
mean arterial pressure.

There were sone studies that also utilized heart
rate as a trigger for reinfusion of HBOC-201 or the control
sol uti on.

Al so shown on here is the total dose and i nfusion
rates for HBOC-201 in these studies. As you can see, they
are representative of what is proposed for the RESUS trial.

[Slide] | will present data from several very

conprehensi ve and representative studies. Cbviously, |
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cannot present data fromall of the trials. These data
wi || denmonstrate HBOC-201's effects on survival
henodynam cs, tissue oxygenation, blood | oss, and organ
function.

[Slide] First we are going to tal k about
survival. 1In the follow ng slides, the HBOC-201-treated
animals are represented in red, while the control aninals
are represented in bl ue.

[Slide] In a conbined analysis of 14 utilizing
229 pigs, in which survival was a primry outcone, surviva
was significantly greater with HBOC-201 as conpared to
standard resuscitation fluids.

[Slide] This slide shows the survival data from
those 14 individual studies. On this slide the | ess severe
henorrhage nodels are presented on the left, while the nore
severe henorrhage nodels are presented on the right. Wat
is striking is the trenendous survival benefit seen with
HBOC- 201 in these nore severe nodel s.

[Slide] Now let’s | ook at henpbdynamics. In
these next slides, | will present data fromfive
representative studies.

[SIide] Once again, on these graphs, those shown
on the left-hand side of the slide represent a noderate
severe henorrhage; those on the right-hand side of the

slide represent a severe henorrhage nodel. |In these
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studi es, the dashed horizontal |ine represents baseline for
HBOC- 201 for the parameter on the slide. The dark verti cal
line represents the end of the prehospital phase, the

begi nni ng of the hospital phase.

Agai n, once the aninmals reach the hospital phase,
only then can they receive transfusion. Prior to that,
they only receive HBOC-201 or the control fluid.

On this slide, what we see is that nean arteri al
pressure was significantly inproved with HBOC- 201 as
conpared with control aninmals. Al so of note and i nportance
is that small-volune infusion of HBOC- 201 resulted in
restoration of baseline blood pressure, but, in contrast,
standard fluid resuscitation failed to restore bl ood
pressure. In the nore severe nodels, again, what you see
is that standard fluid resuscitation even failed to restore
bl ood pressure back to | evel s capable of maintaining vital
organ perfusion.

[Slide] In general, mean pul nonary artery
pressure was greater in HBOC-201 as conpared to control
animals. HBOC-201 infusion resulted in an increase of
approximately 5 to 10 mmHg above baseline. This has been
reported in several other studies. These changes are not
likely to be of clinical significance, as there have been
no observations of associ ated hypoxia or pul nonary edema in

t hese studi es.
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[Slide] There was a relative reduction in
cardi ac index with HBOC-201 as conpared to controls.
However, in the five studies shown here, these differences
reached statistical significance only in this one study.
Even in that study, what you see is that cardi ac index
actually returned to above baseline in the HBOC-treated
animals. Wile there are other published data showi ng a
| ower cardiac index in HBOC-201-treated animals, even in
t hose studies cardiac output returned to baseline values in
the HBOC-treated ani nal s.

[Slide] The next several slides will |ook at
ti ssue oxygenation, markers of tissue perfusion.

[Slide] In general, what we saw was t hat
t ranscut aneous tissue oxygenation was significantly greater
wi th HBOC-201 as conpared to control groups in all studies.

[Slide] Oher studies that have invasively
nmeasured tissue oxygen tension denonstrate inproved brain,
deltoid, and intestinal tissue oxygenation. |In the one
study by Knudsen, |iver oxygen tension levels did trend
| oner in HBOC-201 as conpared to controls, but those
di fferences were not statistically significant.

[Slide] Arterial lactate |evels were
significantly |ower with HBOC-201 in the severe henorrhage
nodel s, again on the right. Qher studies have al so

reported correction of the lactic acidosis and reversal of
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anaer obi ¢ nmet abol i smw th HBOC- 201.

[Slide] Wth regard to bl ood | oss:

[ Slide] HBOC 201 infusion did not increase
henorrhage volunme in the setting of uncontrolled
henmorrhage. Therefore, despite the mld to noderate
vasoactivity, as denonstrated by slightly higher systemc
and pul nonary pressures, preclinical data do not suggest
i ncreased henorrhage with HBOC-201 resuscitation.

[Slide] The next slides will tal k about organ
function and hi st opat hol ogy.

[Slide] Three papers shown on this slide provide
data on the effect of HBOC-201 on organ function and
hi st opat hol ogy. Toget her, these papers | ooked at heart,

I ung, kidney, and |lung. Histopathol ogi c changes and
hepatic enzynme el evations were greater with HBOC-201. This
was seen in both studies by Johnson and York. The

el evations in LFTs were transient and relatively mld, and
they returned to normal by approximately 72 hours.

Johnson al so observed slightly greater
hi st opat hol ogi cal changes in the kidney with HBOC- 201.

This was not seen in the other studies.

The findings by York et al. were inadvertently
omtted fromyour hard-copy slides. | apologize for that.

The next several slides show data from studies of

the effects of HBOC-201 in the setting of conbined
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henorrhagi ¢ shock and traumatic brain injury. This is a
very special and inportant patient population that really
m ght stand to benefit the nost from small-vol une
resuscitation with a henogl obi n-based oxygen carrier.
That’ s because norbidity and nortality frombrain injury
are significantly enhanced in the setting of henorrhagic
shock. The henorrhagi c hypotension results in a secondary
ischemic insult to the injured and vul nerabl e neurons,
essentially potentiating the initial primary insult.

[ SIide] Henoglobin-based oxygen carriers m ght
reduce this process by enhanci ng oxygen delivery to the
brain tissue.

A second potential advantage of initial
resuscitation with an HBOC for these patients is that the
vol une-sparing properties of this approach m ght avoid the
increases in intracranial hypertension that are commonly
found to occur with |arge-volune resuscitation, which is
the current standard of care.

[Slide] There are, however, sone concerns with
t he use of henogl obi n-based oxygen carriers in these
patients, and those do center around their vasoactive
properties. First, any increase in vasoactivity m ght
result in an increase in henorrhage from as-yet-
uncontrol |l ed extracranial injury sites. Second, if

significant cerebrovasoconstriction does occur, this m ght
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cause a reduction in oxygen delivery to vul nerabl e neurons
and brain tissue, and therefore worsen outcone.

[Slide] To address these issues, several fairly
conprehensi ve studies of the effects of HBOC- 201 in nodel s
of conbi ned henorrhagi c shock and traumatic brain injury
have been perforned. Al but one of these studies used
swi ne. The henorrhage insults ranged from noderate to
severe. Three of these studies used a controlled
henorrhage nodel, while the fourth utilized a conbi nation
of uncontrolled henorrhage and traumatic brain injury.

| am going to focus on the | ast study, the
uncontrol | ed henorrhage-brain injury study. This study, in
fact, was specifically requested by the FDA.

[Slide] In this study, uncontrolled henorrhage
was inflicted via liver laceration. The brain injury was
via a fluid percussion nodel. There were two arns to this
protocol. 1In the short-delay cohort, prehospital tinme was
30 minutes, while in the | ong-delay cohort, prehospital
time was 75 mnutes. The aninmals were randomi zed to
recei ve HBOC-201 or LR during the prehospital period, as
shown on this slide.

On the followi ng slides, what you will see is
that the short-delay cohort is on the left and the |ong-
delay is on the right.

[Slide] As you can see on this slide, surviva
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was significantly inproved with HBOC-201 for the |ong-del ay
cohort. There was on significant difference in survival
for the short-delay cohort.

[SIide] W studied several markers of cerebra
perfusion, all of which were significantly inproved with
HBOC- 201. As you can see here, with regard to cerebral
perfusion pressure, there was a significant and sharp
increase in cerebral perfusion pressure i mediately
following the first dose of HBOC infusion. This increase
in cerebral perfusion pressure was nai ntai ned throughout
the study in the | ong-delay cohort.

W saw a simlar pattern with the sagittal sinus
oxygen saturation -- that is, a sharp increase initially.

[Slide] W also neasured brain tissue oxygen
tension. Again, we found a sharp increase in brain tissue
oxygen tension inmediately followi ng HBOC i nfusion. Once
again, this difference was nmi ntai ned t hroughout the entire
protocol in the |ong-delay cohort.

[Slide] Oher studies of conbined henorrhagic
shock and traumatic brain injury have been able to
reproduce our findings. Data fromother studies are shown
in this table here. You can see that Rosenthal and Patel
bot h showed i ncreased cerebral perfusion pressure and brain
ti ssue oxygen tension. Dr. Rosenthal and Dr. Kerby's

studi es al so | ooked at neuronal cellular degeneration and



62

contusi on vol une, respectively, both of which were
decreased, suggesting that there is further evidence for a
reduction in the secondary ischemc injury in the HBOC
treated ani mals.

In other words, there is no evidence that the
m | d vasoactive effect of HBOC-201 conprom sed
cerebrovascul ar perfusion. These data actually suggest
t hat HBOC- 201 may be protective in the setting of conbined
henorrhagi ¢ shock and traumatic brain injury.

[Slide] In summary, despite the fact that there
were occasionally mld adverse effects observed with HBOC
201 in sonme of these studies, the preclinical data
denonstrate an overall marked inprovenment in nultiple
out cone paraneters, including survival, a nore rapid
stabilization of henmpbdynam c parameters, inproved tissue
oxygenation, and decreased anaerobic nmetabolism This was
true across a wide range of henorrhagi c shock nodels and in
the setting of traumatic brain injury. 1In these studies,
the m|d vasoactive effects of HBOC-201 did not result in
significant norbidity, and HBOC-201 consistently
denonstrated significant and nmarked beneficial effects,

i ncluding greatly inproved survival.

Thank you for your tine. | would |ike to now

i ntroduce Dr. Gerson G eenburg, vice president, nedical

affairs, from Bi opure.
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Agenda Item HBOC-201 dinical Studies Analysis

DR. GREENBURG  Good norning, |adies and
gent | enen.

Only recently, about seven nonths ago, after 35
years in academ c surgery, | retired, but had an
opportunity to join Biopure, for the sinple reason that,
havi ng worked in the devel opnment of bl ood substitutes,
henogl obi n- based substitutes, et cetera, | had an
opportunity to help bring to active application an oxygen
t herapeutic that, over ny 35 years of clinical experience
in trauma critical care, et cetera, would have hel ped sone
of the patients that | had seen whom | couldn’t help --
patients | saw who needed extra oxygen delivery in order to
get them through a probl em

My retirenent was indeed short-1ived.

[Slide] | amgoing to give you an overvi ew of
the clinical trials of HBOC 201. There have been 22
trials, including over 1,500 patients. These trials fell
into the usual Phases 1/2, 1 and 2, 2 and 3. Phase 3 had a
pivotal trial in orthopedic surgery, which I will tell you
a great deal about. The Phase 1 trials were basically
safety trials. The Phase 2 trials were in a variety of
surgical settings that we will talk about. This slide also
i ncludes the patients in a percutaneous cardiac

intervention trial that was conpleted, just for
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conpl eteness. This slide does not contain the data from
the 125 study that you heard about a little earlier.

[ Slide] Looking at these trials in another way,
we can see that some of them were uncontrolled Phase 1
trials. There were colloid-controlled trials, there were
crystalloid-controlled trials, and there were sone red
cell-controlled trials. It’s inportant to observe that the
three uncontrolled trials -- five studies were coll oid.
Al'l of these studies ended up, for the nost part, in the
Phase 1, 1 and 2, and 2, getting blood at sone point off of
the protocol. There are many differences in these groups,
dealing with different dosing, different blinding schem,
di fferent random zati on schema. Sonme were uncontroll ed.
They make sort of a conplex of trying to understand all of
t hese dat a.

[Slide] Wth reference to RESUS, it’s inportant
to note that in the overall view of all these trials, 87
percent of the patients received six or fewer units. That
is the top dose proposed in RESUS. In the 115 trial that I
amgoing to tal k about, approximately 81 percent of the
patients received six or fewer units. So it makes it a
conparable group. [It’s an inmportant distinction because
RESUS is using the six or fewer units.

[Slide] [It’s very inportant, obviously, to do a

guantitative analysis, a quantitative assessnent, for
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detection of safety signals. It is our belief that to
fully understand the emergence of safety signals, it’s
necessary to approach this quantitatively and to mnim ze
the subjectivity. The conditional tables in the briefing
docunent represent raw data from which signals can be
extracted. Because RESUS is designed to effect an

i nprovenent in nortality as opposed to an avoi dance of a
bl ood transfusion, we have chosen to concentrate our

anal ysis of the significant adverse events and the profiles
of these according to the MedDRA and system organ

cl assification docunentation. Because of a higher-risk
tolerance in trauma situations for products, procedures to
be introduced, all of the adverse events in a nortality
trial are appropriate to consider.

W are going to, for a variety of reasons,
concentrate nostly on the 115 trial, because this is the
nost honogeneous and sufficiently powered trial -- 44
percent of all the subjects in our experience -- that wll
give an accurate and quantitative assessnent of risk. W
believe this is the safest approach to use.

[Slide] Phase 3 orthopedic trial HEM 0115 is the
| argest trial, 688 patients, 350 of whomreceived HBOC. It
was powered to detect a 1 to 2 percent difference in AEs
bet ween treatnment groups. Safety was eval uated by the

signals, as well as significant differences. Any safety
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signal seen in all of the studies put together were al so
seen in HEM 0115. That is a very, very inportant point to
make.

| should indicate that efficacy in this trial was
transfusi on avoidance. | will make reference to some of
that in a nonent.

[Slide] The overall pattern of serious and non-
serious events, as detected in HEM 0115, is shown here. On
your right is a colum that represents the percentage, the
rate, of these events in the overall database, and on your
| eft, the colum represents the rate or incidence of these
events overall in the HEM 0115 trial. [It’s inportant to
note that they are statistically significantly different.
But what is really inportant is that the HEM 0115
represents very clearly the same popul ation as the overal
dat abase. However, while the rates nmay be the sane, the
di stribution of events within the two groups nmay indeed be
different.

[Slide] This is a cartoon of the HEM 0115 trial.
W have to spend a little tine on this, because it’s
important. Patients who were random zed to the HBOC arm of
the trial achieved a 60 percent transfusion avoi dance at 42
days, well in excess of the actual predicted anmount of
transfusi on avoidance. O note, relative to resuscitation,

95 percent of the patients in this armof the trial avoided
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a blood transfusion in 24 hours. RESUS is |ooking for
treatnent within an hour.

On average, 40 percent of the patients in the
HBOC arm at four days becane treatnment failures and thus
received two treatnents, falling into this group, where
they received both HBOC and red cells. It is this group of
patients where nost of the adverse events -- and
significant adverse events -- of the 115 trial are indeed
concentrated. This beconmes an inportant difference,
because factors which differentiate this group fromthe
rest of the group forman interesting subset that needs to
be explored. W wll show you sone of the reasons for this
difference in a nonent.

This group got both treatnments. An average
received red cells four days -- an average for the group --
four days after they were random zed to the HBOC arm of the
trial, denonstrating that at that tine they needed an
i ncrease in oxygen-carrying capacity and received both
forms of therapy. The red blood cell and HBOC group
represents a bridging concept. That is, fromthe tinme the
initial decision to treat the patient to the tine they
received red cells represented bridging, and this average
of over 100 hours is roughly 100 tinmes greater than that
expected within the RESUS trial .

[Slide] There are factors that differentiate
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this group that received both treatnments fromthe HBOC-only
group: total fluid crystalloid adm nistration; total red
bl ood cells adm ni stered; a higher estimated bl ood | oss;

| onger anesthesia tine -- you can read these. A sinple
statistical conparison identified these differences in a
variety of these paraneters, as well as sone that we wl|
show in a nonent. These are sonme of the exanpl es.

[Slide] Here are other exanples of these
vari abl es and paranmeters in which there were differences.

| would like to point out that there were
differences in this group between total adverse events,
total SAEs, and SAEs per patient -- another way of | ooking
at this issue.

[Slide] Wiy were these differences there? These
are sone of the contributors that led to the inbal ance seen
bet ween these two groups: under-resuscitation/under-
treatment; delay of adequate treatnent; vol ume overl oad;
trying to chase transfusion avoidance -- if that’s the
obj ective of the exercise, that may be what you want to
do -- and where needs possibly exceeded the limtations of
the protocol, and possibly the limtations of the product.

What is inmportant is that these are unlikely to
be seen in RESUS because of the shorter tine for
bridging -- an hour or |less. Moreover, recognizing these

basic issues permts a better design of mtigation
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strategies, which ny colleague Dr. Freilich will tal k about
in a few m nutes.

[Slide] | would Iike to nove on to some specific
data, particularly age data. Age-dependent events are very
important. Here we have patients greater than 70 and
patients | ess than 70. W |ook at the SAEs in cardi ac,
nervous, and death. There is statistical significance at
the cardiac level. W should point out that this exists
only in the patients over 70 and that the RESUS trial deals
with this by elimnating that group of patients.

[Slide] This series of slides represents, on the
top line, the MedRA system organ cl assification and the
areas underneath are the preferred terns. | wll go
t hrough these quickly and draw the concl usion that at the
system organ cl ass, there are differences between the
groups in all subjects. However, when you | ook at patients
| ess than 70, the target popul ation of RESUS, these results
are not maintai ned.

[Slide] This is another set of serious cardiac
events. The top line is the sanme. These are other
vari abl es shown in there -- again, no difference when you
break it by age.

[Slide] Renal serious events. There are no
di ff erences when broken by age. There are no differences

in the organ class |evel.
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[Slide] The sane is true when we | ook at CNS.
There is a slight difference in the all-subjects group, but
it disappears when we break this trial on the basis of
patients | ess than 70.

[Slide] Respiratory systemhas a potential area
of interest in respiratory failure. This nmay be treatnent
failure or overdoing with a fluid resuscitation.

[Slide] Hepatobiliary system There are no
di f f erences.

[ Slide] Changes in systolic blood pressure have
been tal ked about. W believe these will occur. They are
al | manageabl e and have been nanageable in all of the
trials. Changes in the systolic blood pressure are there.

I n our experience and the experience of our investigators,
this has all been relatively easily managed. The incidence
of true malignant hypertension has been mni mal .

[Slide] Let’s ook at liver function activity
over a period -- another question. Anyone famliar with
the history of intravenous hyperalinentation fromthe 1960s
and 1970s will note that this is pretty much what happens
to liver function when you give the body a | oad of protein.
The liver knows how to handle this and sinply manages it by
raising the level of its enzynes and, over tine, decreasing
t hem

[Slide] Lipase activity: One patient had sone
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evi dence of pancreatitis. Mst of the patients did not.
This is an unexpl ained event. One patient in the entire
series had what m ght be considered clinical pancreatitis.

[ Slide] Looking at the renal function, another
area of concern, there are no changes over tine in the 115
trial in the BUN and creatinine, when we conpare the red
cells to the HBOC

[Slide] Conclusions: 1In 22 trials, 826 patients
have received HBOC. Eighty-seven percent of the clinical
experience is with six units or |less of the proposed
i nfusion dosing for RESUS. |In HEM 0115, the clinical
trial, there was a reduced all ogenic bl ood cell use, close
to 60 percent at day 42 and 95 percent at 24 hours,
relevant to RESUS. There was a greater incidence of AEs
and SAEs. W noted that. There was a greater incidence of
cardiac and CNS AEs. W noted that. But we al so noted
that that was pretty nuch age-dependent, based on a variety
of factors, which could be expounded on. The age-
dependency reduction of SAEs for all of these things is
appropriate and has been nitigated by the design of the
RESUS trial .

A reconmendation for continued nonitoring is
clearly part of the devel opnent of mtigation strategies.

[Slide] Finally, if |I can |leave ny role at

Bi opure and give a personal note, given that there is a
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reasonabl e risk associated with the use of HBOC -- no one
denies it -- and the potential benefits to patients in
henorrhagi ¢ shock are really quite apparent, there are
conpelling reasons to lift the clinical hold and permt
this trial to go forward.

My colleagues and | will be happy to answer
guestions. Thank you very nuch.

DR SIEGAL: Thank you.

| think we will take a break for 10 mnutes. Try
to be back by 10:00 to reconvene.

[Brief recess]

DR SIEGAL: W have a little bit of tine for
guestions of clarification fromthe conmttee to the
presenters so far. After the sponsor presentations are
concluded, we will take a little bit of a break for that
al so.

DR FLEM NG Dr. Siegal, while people are
reconvening, | was just | ooking at this schedule, too. |
have probably eight to 10 questions, nyself, that | have
accumnul at ed here.

DR SIEGAL: These are just clarification
guestions?

DR. FLEM NG No, not always. Sonetines yes,
soneti mes no

DR. SIEGAL: Because sone of the questions we
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shoul d probably reserve for the deliberations.

DR. FLEM NG Essentially, that was nmy question
to you. Are we going to have a good opportunity to
interact with and query both the sponsor and FDA presenters
about what they are presenting, in addition to the general
di scussion? Cenerally, do you want a lot of that to be
done at 2:30 to 6:00 today?

DR SIEGAL: Yes, that will nostly be in the
conm ttee discussion, if | understand the format.

DR KLEIN. But will the presenters be here so
that we can -- | have some questions that | really would
like to ask the people that just showed us the data.

MR. JEHN. Are all the speakers planning to be
here all afternoon?

[“Yeses”]

DR SIEGAL: So we will have anple opportunity to
ask those questions as well.

DR. FINNEGAN: A clarification question for Dr.
Greenburg. Can you tell us, given the concern about
vasoactivity, how many African-Anericans were involved in
any of the studies?

DR SIEGAL: Wiile we are waiting, perhaps
sormeone el se has a question.

DR. PICKERING |Is D ane Ml oney here? You said

the rul e about exception frominfornmed consent has been in
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pl ace for about 10 years. Could you give us sone idea as
to what the experience has been? Have there been clinical
trials where this has been used? Have there been any
nmedi col egal or other problens with this process?

DR MALONEY: There have been a nunber of studies
conducted under the rule. | apologize, | don’t have the
nunmbers. But | think we have received about 50 or so
submi ssions. Quite a nunber of them have not proceeded,
for a variety of reasons -- sone of those reasons being
because of the IND regulation’s grounds for clinical hold
for safety reasons, not because of the 50.24. Several
studi es, though, have begun. Mst of them | don’t
bel i eve, have been conpleted. | believe there has been one
study, a device study, for which there has been an approval
i nvol ving this.

In terns of your question about -- you asked
about |egal --

DR. PI CKERING Have there been any nedi col ega
issues with regard to the fact that a lot of these patients
die, and there is a question afterwards, fromfamly or
sonmebody, about the consent procedure?

DR. MALONEY: Those issues generally wouldn’t
come to FDA. But | do know that at the public neeting
peopl e have rai sed questions about, for instance, liability

in terms of people enrolled without informed consent. As |
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t hi nk everyone knows, these are very difficult trials.
That’s why we have tried to build in as many additi onal
protections for the human subjects as we can.

DR SIEGAL: Dr. G eenburg?

DR. GREENBURG | understand | had a question. |
apol ogi ze for not being here to take it directly. The
guestion dealt with --

DR. FINNEGAN: Actually, it turns out that ny
guestion is the sanme as what Dr. Edwards asked you in
private: How many African-Americans were enrolled in all
of the studies?

DR. GREENBURG | can't give you that off the top
of ny head. However, my colleagues are here with the
entire database. | hope to have the answer for your within
an hour. | will be nore than happy to share it with you.

M5. BAKER: Have there been any studi es of HBOC
201 in the non-civilian popul ati on?

DR GREENBURG | don't believe so

DR. SZYMANSKI : You are tal king about a del ayed
ti me when the anbul ance will arrive at the injured person.
You estimate that to be very short. But how |l ong ago did
t he actual accident happen? That has to be taken into
account, too. That m ght be nore than 30 mnutes, before
t he anmbul ance will get there where the person is.

DR FREILICH  Thanks for the question. It’'s
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inportant to renmenber that the timng that you saw in those
preclinical studies -- i.e., the 30- or 75-m nute delay --
is fromtime of injury. Frequently when one tal ks about
transportation tines, there is a m scommuni cati on, because
you are tal king about fromthe time of EMS arrival. Wen
you | ook at the databases -- in particular, we | ooked at
the University of Maryland -- in round nunbers, what you
can expect -- and many of these will be excluded from
RESUS -- is that there will be a small nunmber which
actually arrive very rapidly, as was alluded to by Dr.
Dutton, in less than 8, 10, or 15 minutes. That would be
10 or 15 percent or so. There will be another, |arger
group which will be between 15 and 30 or 40 minutes. That
woul d probably be about half. The renmai nder woul d be even
larger. In Maryland, as an exanple, it’s because MEMS
brings people in fromall over the state to the Level 1
Trauma Center. So it gives you an idea.

What it neans is that the biggest group in terns
of prehospital trauma time is very comensurate -- in
bet ween, nore or |less, the nunbers of the 30- and the 75-
m nute delay that Dr. Stern tal ked about.

| hope that hel ps.

DR. SZYMANSKI : Yes, thank you.

DR. FINNEGAN: May | ask you one nore question?

Wiy was heart rate not included in the -- it doesn’t appear
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to be in the trauma 1 to 5, and it’s also not in your
group. Wiy is heart rate not part of the assessnent?

DR. FREILICH It is. It is not an inclusion
criterion. It is used as a risk-mtigation strategy in
terms of reinfusion, if there is potential for higher nean
arterial pressure responses to, in theory, fool paranedics,
because the patient mght | ook better if they didn't | ook
at other clinical paranmeters. W have | ooked and we have
shown that heart rate still remains, in pre-clinical
studies, a very sensitive marker. In fact, in the DCLHb
study, in the prehospital host trial, it was highly
sensitive -- in fact, just as sensitive as w th nornal
sal i ne.

DR. FINNEGAN: M question had to do with the
class 3 and class 4 for ATLS shock, where heart rates are
very specific and bl ood pressure is relatively subjective.
| am wondering why heart rate wasn’t included in your
assessnent of severe shock.

DR FREILICH  The answer is based on Victorino's
data, and others, that heart rate has a large variability.
It is relatively specific, but its sensitivity is not that
hi gh. For reinfusion, as a second criterion, what
Victorino has clearly stated is that the conbination of
hypot ensi on and tachycardia do predict very ill patients

that are going to do poorly. Individually, heart rate is
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not a very sensitive marker.

DR HAUSER: | would like to ask about the
patient age and the underlying diagnoses in the orthopedic
studies. Wre these predom nantly ol der persons getting
total hips and spine surgery? WAs there preexisting
cardiac norbidity, which mght be expected, to nake
hypertension nore of a problemw th these people than it
woul d be, potentially, with young trauma patients in whom
let’s say, if they had a head injury, hypertension night be
a therapy for these patients?

DR. FREI LI CH: M. Chairman, | can answer this

directly. |1 amjust asking that the chairnman consider that
many of these questions will automatically be answered in
the presentation which is ensuing. | can answer it

directly or if you would like to go directly to the
presentation, we may want to hold on these questions and
sumari ze them subsequent|y.

DR SIEGAL: Wuld you be satisfied to wait?

DR. HAUSER: No problem

DR SIEGAL: That would be fine.

| nf or mati onal questions?

DR KATZ: It’s kind of a followup to a question
| don’t think I heard the answer to. W are all very
sensitive to what is going on in lraq right now. It seens

like there is a very substantial population of nearly-ideal
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candi dat es who coul d be consented up front to acconplish a
trial of this nature. | didn't hear the answer as to why a
trial is not ongoing in the theater.

DR FREILICH That’'s a great question. The
answer is as follows. One can, in theory, conduct a
clinical trial even in a conbat zone. But it is very, very
difficult, for reasons that are probably obvious w thout ne
sumari zing them Therefore, for a Phase 3 pivotal trial,
when one requires conpl etely conprehensive and accurate
data collection to submt a biological |icense application,
the Navy made a deternmination that it cannot guarantee it
woul d be able to do that. Now, that doesn’t nean that
suppl ement ary, adjacent, so to speak, Phase 2 trials can’t
be done, but we believe that in the conbat setting, there
are bullets flying -- you just can’t -- especially when
it’s a prehospital setting, where the paranedic, in fact,
is a corpsman whose nunber-one job and what he is told

first is to shoot back and to resuscitate the patient

second.

DR KLEIN:  You can tell nme if sone of these
guestions will be answered | ater.

The first one, which | really want to direct to
Dr. Kaplan -- but anyone can answer it -- is, are there any

data on the nunber of civilian patients, trauma patients,

who di e because of | ack of oxygen delivery capacity? W
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know they bleed a | ot and they becone hypotensive and they
are given volune. But what would we expect to find?

DR FREILICH | think that is, somewhat, going
to be answered in the talk. The question is, how do you
know, when soneone has an injury, if they literally died of
t he reasons that you asked? |If you have an injury that is
not a guarantee of being life-threatening in the first
pl ace -- for exanple, a vascular groin injury or a pelvic
fracture injury with henorrhage -- the odds are that they
di ed because of severe exsangui nating henorrhage and the
consequences of deconpensated shock. Wen you | ook at
that, ny assessnent is that a reasonable sunmary in the
civilian community is about 30 percent. Sone of that is
fromthe Arizona data, in Pima County, and others. But
they come up with about those kinds of nunbers -- 20, 30,
35, 40, depending on the study.

DR. KLEIN: Fromthe henorrhage itself not
delivering sufficient oxygen.

DR FREILICH It’s an assunption. |It’s from
severe henorrhage. That is the assunption of the
pat hophysi ol ogi ¢ mechani sm

DR. KLEIN: The second question | have deals with
t he hi stol ogy, where we saw about the liver |esions and
renal lesions. | didn't see anything about cardiac

hi stol ogy. | presune that was done.
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DR FREILICH It was. W actually did five
organs. Most of this work was done at NVRC. It was done
in three separate studies -- 40 and 55 percent controlled
henorrhage and a severe liver uncontroll ed henorrhage
nodel . We | ooked at five organs: nyocardi um |ungs,

j ej unum Kkidney, and liver.
About the hepatic injury, there was absolutely no

increase in hepatic parenchymal injury. Wat was

apparent -- and it was consistent in all three nodels -- is
very mld -- on a severity score of 0 to 5, about 1 or less
than 1 -- hepatobiliary injury. That was consistent with

the liver function tests.

Wth respect to the myocardium we |ooked at
myonecrosi s scores and we al so | ooked at fibrosis scores,
both in ternms of incidence and scores. |In two studies,
they were absolutely equivalent and in one it was
statistically inmproved with HBOC-201 in conparison to
control fluid, for nmyonecrosis and, | think, for
fibrosis -- certainly for nyonecrosis.

DR KLEIN:  Your animal studies showed that the
animal s that had the nost severe henorrhage really
benefited the nost, | gather, fromthe HBOC i nfusion. |
don’t quite understand why the elderly patients in the HEM
0115 trial did the worst. You would think they m ght do

t he best.
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DR FREILICH | hope that the talk in the
subsequent hour will answer that. | think it has to do
with benefit and risk. In the pig studies, these animls
had an enornous potential for benefit. |In fact, ny

t echni ci ans hate when we have an HBOC- 201 day, because they
know they are going to be there |ate, because the aninmal is
going to survive and, after anesthesia, is going to be
recovered and they are going to be in the sinulated I CU al
ni ght.

In the 115 trial, froma practical point of view,
there was no benefit, other than bl ood-transfusion
avoi dance, which certainly has sonme theoretical benefits,
but is pretty mnuscule in conparison to the potential for
risk.

DR KLEIN: In the elevation of the LFTs in that
study, Dr. Greenburg nentioned it was related, possibly, to
the large volunme of infused protein. But we don’'t see that
with al bumn, do we?

DR FREILICH | don’'t know the mechanismfor it.
There are sone recent basic-science data that try to
purport that it may actually be related to vasoactivity.
That has just been published in the | ast year or so --

i.e., that the effects of vasoactivity on the
m crovascul ature, not with HBOC-201, but with HBOCs in

general , causes nitric oxide and carbon nonoxide effects in
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the m crovasculature. It is possible that you have
m crovascul ar snmall aberrances in the liver.

| honestly don’t know if that is really the
reason. What | do know is that you get standard liver
function test abnormalities as an intrinsic side effect of
HBOCs that just don’t appear to be clinically significant,
although I will admt that in a patient who happens to have
end-stage |iver disease, who then got a ot of HBOC -- we
don’t have data to predict one way or the other.

DR. SIEGAL: Are there any nore clarification
guestions? W are getting behind and we need to nove on.

DR. CRYER: Just one. Do any of your data
address the issue of ischem a reperfusion injury and
whet her the HBOC i nfluences that, negatively or positively?

DR, FREILICH Yes, sir. Actually, we published
that in Critical Care, first author Johnson et al., from
NVRC. |In fact, that was a specific request fromthe FDA
to ook at 3-nitrotyrosine staining in the five organs that
| enunerated earlier. 1In all five organs, in all three
nodel s that | nentioned, there were absolutely no
di fferences.

For the audience, 3-nitrotyrosine is a surrogate
mar ker for peroxynitrate production, which is thought to be
a main contributor for oxidative damage.

O course, that’s a functional thing. That’'s al
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very nice, that there is no apparent increase in
peroxynitrate. But what about histology? The histol ogy,
as | nmentioned earlier, was all simlar as well, with the
exception of that |iver.

| should add that in the kidney -- and | think
that was nmentioned by Dr. Stern -- in all those studies we
nmenti oned, there were equivalent effects on the kidney, but
there was very mld -- again, on a severity score of 1 to
5 -- papillary necrosis only in one nodel, the mld
henorrhage nodel, where fluids were restricted.

DR. KULKARNI: | have a question about the effect
of this product on coagul ati on, because sone of your

patients m ght be henophiliacs who nay be having acute

bl eedi ng.

The second question | have is about
i mmunogenicity of this product. |If you are going to
address it in your talk, that will be fine.

DR FREILICH M am we have a bullet on each of
them but | would be delighted to just make one comrent.
W al so at NVRC published two studies eval uating
henostasis, again in all the NVRC nodels. A good sumary
of the data is that, in general, there is nothing
clinically significant. Mre specifically, what did we
| ook at? We | ooked at standard coagul ati on paraneters,

such as PT, PTT, thronbin tine, et cetera. W | ooked at
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t hronboel ast ography in all these studies and we | ooked at
PFA- 100 and we | ooked at bl eeding time.

In all of these studies, what one ends up wth,
to make the sinple sunmary, is that in the sinulated
prehospital tinme, whatever coagul opathic effects you were
seeing are a little less with HBOC. It’s just |ogical.
It’s because you have | ess henodil ution.

What one ends up with in the sinulated hospital
scenario is a slight reversal, where whatever you are
seeing, which is mnuscule in the first place, is alittle
bit nore coagul opathy in the HBOC animals. Wy? Because
they didn't get any blood. The other aninmls got bl ood.
In the real clinical setting, that woul dn’t happen, at
| east in our opinion.

DR FLEM NG | amtrying to understand what
woul d be the nost rel evant Phase 1/2 clinical data to the
setting that we have here in urban trauma and HS. Dr.
Greenburg’s slide 72 nentioned that there were 10
crystalloid control trials, but went on to really focus on
the 0115. In essence, is that because that gives us 600
patients and these other 10 only have 300, or 30 per? |Is
it essentially the sponsor’s viewthat if we really want to
drill down on what is known from Phase 1/2 clinical data
relevant to the setting of RESUS, the 0115 trial is

probably the best source of that informtion?
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DR FREILICH | think a lot of what you said is
true. There are other reasons. That is an intrinsic part
of ny talk. There are sone reasons why those
colloid/crystalloid, so to speak, studies really were not
colloid/crystalloid studies. They are nmultiple and they
are heterogeneous, and they really have very little
relation to the RESUS prediction of benefit-risk, in our
opportunity. | wll elaborate about that. |If you need
nore, we can give you nore afterwards.

DR. SVENSON. Central to all of this possible
toxicity of the HBOCs is this nitric oxide avidity. It has
been suggested, but | haven’t seen any data -- maybe they
are to come -- what are the data to suggest that this
product may be superior with that facet, either in
vitro studies to show the point or in vivo studies?

DR, FREILICH There is a plethora of preclinical
studies. | will elaborate on sone of the key ones | ater
on. There are not many in vitro data. They used to do the
aortic ring stuff in the 1980s and 1990s, and | really
haven’t seen any of that. But they are going to be ani nal
data, which I will provide later, if that’s okay.

DR. SZYMANSKI : Have you measured the
nmet henogl obin levels during this resuscitation? | am
asking this because Dr. O sen, who is studying cell-free

henogl obi n products, maintains that during NO
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di sappearance, the reaction is that nethenogl obin and NG3
are formed.

DR FREILICH | think it’s a great question. |
think that mld methenogl obi nemia is another classic
characteristic of all HBOCs. An HBOC is in a plasm
solution, where it has no gl utathione and other reductive
nmechani sms, unless it has some sort of reducing agent
included. Dr. Chang at MG IIl, as you probably know, is
spending a lot of time trying to crosslink SOD and cat al ase
toit. Wat Biopure has done is to incorporate N
acetyl cysteine, which, to some extent, keeps the product
reduced.

Froma clinical point of view, in all these
preclinical studies that we have | ooked at, one does see,
classically and consistently, mld methenogl obinenmia with
| evel s of, usually, 2, 3, 4, at the nost 5 percent. W
don’t think these are going to be clinically significant.
In nost patients, people say 10 or so percent. But we wll
admt that patients who are intravascularly depleted -- who
knows? They are very ill. There is a conprehensive
training of trauma center personnel about methenogl obi nem a
and how to treat it and howto detect it. It is followed
very, very serially in the trial, just as a final risk-
mtigation strategy.

DR SIEGAL: Two nore questions, Dr. Edwards and
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then Dr. Ball ow.

DR. EDWARDS: In your discussion -- and | am
| ooking forward to hearing the full presentation -- you
mentioned in your slides that there is a target popul ation,
and there is 58 percent nortality and reasonabl e
honogeneity. Could you pl ease explain that?

DR FREILICH If it’s okay, | think the
figures -- this is a significant aspect of the talk. |If
it’s okay, | would like to defer that.

DR. BALLOW In the orthopedic 115 study, |
t hought | heard that the subgroup that received bl ood
transfusi on subsequent to the trial product had nore
adverse events. Are we going to hear nore about that
subgr oup?

DR. FREILICH Not a lot. What you are going to
hear is that -- when you |l ook at that subgroup, there are
two ways to ook at it. You could actually say the gl ass
is half-enpty, in that these patients did really poorly.
They were sick. They got HBOC and then red bl ood cells.

In a sense, this sounds |ike RESUS, where you get HBOC and
then you get red blood cells, nost of the time. But they
have nothing to do with each other. In RESUS, you get HBOC
for a few mnutes. Maybe there will be an occasional | ong
extrication and there will be a patient who will get it for

30 or 40 minutes. In that subgroup, the nean tinme before
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they got blood -- in other words, it was w thhol di ng what
we well know is standard of care -- was 100 hours. So the
potential for risk was just very, very high in that study.
Again, the potential for benefit was only bl ood-transfusion
avoi dance.

W ook at it as a certain signal that there is
the potential for significant risk. The only question is,
is there unreasonable risk as it pertains to the RESUS
popul ati on?

| hope that helps. |If you want nore,
specifically, about the matching groups, | think Biopure
can answer nore questions about it.

DR. BALLOW | only ask that question because
maybe we can | earn somet hi ng about what we can expect from
the RESUS, fromthat subgroup. | assume that a |lot of the
patients in the RESUS -- well, they are going to get
addi ti onal bl ood transfusions when they cone in.

DR FREILICH Yes, sir.

DR. BALLOW Even though the tim ng may be
different, maybe we can | earn sonething fromthat subgroup

DR FREILICH | think a lot of that will be
answered in the talk. |If not, we can cone back to it and
actually focus specifically on that nmatching group, if
that’ s okay, after this talk.

DR SIEGAL: Dr. Freilich is going to continue
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now with the sponsor presentation.

Agenda Item Overview of the HBOC-201 RESUS | ND
and Discussion of Benefit: R sk

DR. FREILICH This is kind of a conplex talk,
because there have been conpl ex deliberations for a |ong
time. | just want to summari ze the three questions that
FDA posed.

| know we got a copy this norning and they have
been nodified sonewhat, but | don’t think very
significantly. If it’s okay, just to set the stage of the
talk, I would Iike to remind you what they are.

[Slide] First, it revolves around safety. The
safety concerns relate to AEs seen in previous clinical
studies. And, secondly, is there adequate information for
t he product dosing and the potential for patient-nonitoring
limtations, specifically in the EM5S scenario?

Secondl y, heterogeneity in the expected nortality
popul ation is a potential question. | think that comnes
back to one of the questions that was asked by one of the
panel nenbers.

Thirdly, is there a sufficient basis for
estimating the nortality-reduction-effect size in RESUS,
which currently is at 15 percent?

[Slide] Wth that in mnd, just to give you an

i dea of what | plan to do over the next hour or so. There
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are basically 11 conclusions that we would like to transm't
to you that, we hope you will agree, will answer indirectly
t he questions that have been posed.

[Slide] First, traumatic henorrhagi c shock is a
significant public health problem and if nortality is
truly greater than 50 percent in severe henorrhagi ¢ shock
as we predict, one would think the treatnent is
unsati sfactory.

Second, the RESUS program has evol ved over five
years, again, as | stated a nonent ago, with conprehensive
deliberations with nultiple specialists, from many worl d-
renowned and nationally renowned institutions in the U S
and overseas. It has a potential -- and it is rare in
nmedi cine to have this -- for transformational inpact on
trauma care

Third, we believe that the target popul ation has
a very high nortality -- alnbst 60 percent -- and
reasonabl e honogeneity. W w Il conme back to that |ater

W believe that the preclinical database, as
sumari zed previously by Dr. Stern, reveals a certain
prospect for benefit. W don’t know that there is definite
benefit until we do the trial. Hence, the regul ati on says
“prospect for benefit.” The fact that there is an overal
75 percent nortality reduction supports that contention.

W believe, therefore, that a nortality-
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reduction-effect size (despite the difficulty, potentially,
of extrapolating animal to hunman data) of 15 percent is
very conservatively esti mated.

[Slide] Sixth, we believe that the clinical
dat abase reveal s benefit -- i.e., blood-transfusion
avoi dance -- and reasonabl e safety when it is considered in
the overall popul ation, and especially in younger subjects.
This will be a large part of the talk over the next hour.

W believe that there is extensive preclinical
and clinical rationale to support the dosing guidelines.

W believe that non-serious AEs, although they
need to be considered, have an insignificant effect overal
on the benefit-risk prediction.

W believe that there are insignificant
monitoring limtations in the prehospital setting, because
HBOC- 201 has nmild to noderate vasoactivity, the inclusion
criteria mtigate this risk, and very significant training
nodul es help to further mtigate that risk

Qur tenth statement that we would |i ke to convey
is that there are nultiple risk-mtigation strategies that
further increase benefit-risk.

Finally, all these qualitative analyses and al so
an attenpt at a mathematical, sem -quantitative analysis,
which | will nention at the end, robustly predict highly
favorabl e benefit-risk in RESUS.
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[Slide] Just a little bit of background.

[Slide] Trauna is the |eading cause of death --
and this is obvious to nost people on this panel -- in
young adults, both in the United States and overseas, of
whi ch henorrhagi ¢ shock, as | stated earlier, accounts for
about 30 percent. Mre inportantly, henorrhagic shock is
t he nost comon cause of potentially sal vageabl e deaths in
trauma. |If they are going to die anyhow, it’s really not
much of an issue.

In Operation Iragi Freedom of the about 3,000
service nenbers who have died, it is possible, with the
predi ctions fromour trauma registries, that 1,300 to 2,000
of themlikely were due to severe henorrhage.

O very significant inportance in terms of
rel evance to RESUS is that the najority of patients with
traumati ¢ henorrhagi c shock die before you arrive at the
hospital -- 80 to 90 percent in the civilian rural and
mlitary environnents and about 50 percent in civilian
urban environnents.

[ Slide] HBOC-201 has the potential to
equi librate prehospital and in-hospital capabilities. As
we know, in the prehospital setting, resuscitation with
standard care relies on crystalloid/colloid fluids, which
do restore intravascul ar volune, but, of course, have no

oxygen-carrying potential. In-hospital, we would never do
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that. Yes, we do give crystalloid/colloid fluids, but, of
course, we give blood, which restores oxygen content as
wel | .

Very intuitively, HBOC-201, because it’'s
avai lable in a prehospital setting, has the opportunity to
restore both intravascul ar vol une and oxygen content.

[Slide] After 9/11, there have been nultiple and
conpr ehensi ve reasons and approaches to try to dinmnish
norbidity and nortality in trauna in the war on terrorism
and it was not known exactly what it would be. There were
force-protection approaches, which include inproved body
arnmor, and inproved field resuscitation for those who
al ready have been injured -- i.e., newer or inproved, or
studyi ng new or inproved, henostatic agents and
resuscitative fluids. NVMRC | ooked at Henol i nk, Henopure,
and Pol yHene, because they were all in advanced tech
devel opnent and they were all potential candi dates for
Phase 3 trials. The reason HBOC- 201 was down-sel ected w ||
be nentioned in the next two slides.

[ Slide] HBOC-201, just to give you sonme of the
basi ¢ specs, is nodified bovine henoglobin. It comes in a
bag of 250 nL of nodified |actated Ringer’s solution. It
cones froma U S. source -- cows -- hence the risk of
potential for BSE is negligible. It is highly purified and

hi ghly pol yneri zed, such that only 3 percent is tetraneric
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henmogl obin, which I will cone back to later on in terns of
vasoactivity. (I think that was asked.) It is the main,

al though not the entire, culprit in terms of vasoactivity
eti ol ogy.

It is universally conpatible, which nmeans that it
requi res no bl ood banking. Any paranedic, any nurse
wi t hout any bl ood-transfusion training could hang it up.

It is stable without refrigeration for three years.

[Slide] There were nultiple objective criteria,
as alluded to a nonment ago, that we used to down-sel ect
HBOC- 201, but | just want to highlight two of them First
of all, there was a substantial preclinical and clinical
dat abase. At |east you know what you are getting.
Secondly, the Navy insisted on an i ndependent Navy-
sponsored and directed and funded trial. This is not a
drug trial, in quotes.

Sonme of the specific requirements were that a
conpr ehensi ve conmunity di scl osure process occur, where al
potential risks were stated. Secondly, we insisted on the
absence of any wi thhol ding of standard of care throughout
t he protocol.

[Slide] This slide is just trying to convey that
this has been going on for a long tine. It was conceived
in 2001, after 9/11. A pre-IND neeting occurred with OBRR

in 2004. The IND was subnmitted later on in the summer of
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2005, after conpleting the Stern henorrhagi ¢ shock TBI
study requested by FDA. O course, we are here now, in
Decenber .

[Slide] Finally, in terns of this overall
background, RESUS can potentially have a transformational
effect on trauna care, as | said, if the 15 percent

nortality reduction is realized. Just the RESUS incl usion

criterion, which is pure efficacy -- a very, very
conservative approach -- with just the trial itself, you
woul d save 48 individuals. In the U S and worl dw de,

using those very tight criteria, you can see that
t housands, potentially, could be saved. Usually, drugs are
ext ended, and one anal yzes or assesses and predicts
effectiveness. In Irag, we predict that 200 or 300
addi tional service nenbers nay not have died. As you can
see, thousands, potentially, could be saved overseas.
[Slide] Wth that background, | would like to
switch specifically to the Phase 3 trial that was
el aborated on by Dr. G eenburg earlier.
[Slide] The trial design, | think, was
sumari zed, but | want to highlight a couple of inportant
points in terns of benefit-risk for RESUS. The nean age of
the trial was over 60 years old, as opposed to RESUS, where
t he nean expected age is in the md-30s. The maxi num dose

was 10 units, as opposed to RESUS, where the maxi mumis siXx
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units. The intervention occurred over about six days --
hi gh-risk, lots of exposure -- as opposed to, as | stated
earlier, in RESUS, just mnutes, maybe an hour or so.

[Slide] The 115 trial showed hi gh bl ood-
transfusion avoidance. In the first 24 hours, which is the
ti me when physiol ogi c benefit woul d be expected because the
half-l1ife of the product is 19 hours, 95 percent of
pati ents avoi ded bl ood transfusions; over the entire 42-day
foll owup, 59 percent, which is still pretty high. Just
this fact unto itself at |east predicts transfusion
avoi dance in RESUS, which sinply does already predict sone
prospect for direct benefit. W are not saying it’'s a |ot,
but just the idea is prospect for benefit.

O course, the converse has to be | ooked at. The
prol onged clinical test material exposure and the
t ransufi on-avoi dance, although it | ooks good when you | ook
at it that way, also increased AEs. It was a very high bar
in that study.

[Slide] There were a lot of AEs. | think many
of themwere sumarized by Dr. G eenburg. But in terns of
rel evance to RESUS, we think that these are the ones that
shoul d be focused on, because they are potentially nore
significant and potentially life-threatening.

The next slides will all |ook about the sane. |

will just wal k you through them The table will show HBOC



