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PROCEEDI NGS
(8:30 a.m)

OPENI NG REMARKS

MR. GOODMAN:.  Good norning, everyone. W should
get started. |'m Jesse Goodman, Director of the Biologics
Center at FDA, and it is really our pleasure to have you
here for this scientific neeting. You know, | would
really like to thank NHLBI and George Nenbp and Si nbne
A ynn for hel ping sponsor this as well as the Ofice of
the Secretary. And |I'mjust going to make a few brief
i ntroductory comments and then so is Sinone.

As you can see fromthe program this neeting
has really assenbled a terrific group of experts to
consi der the data, including about 40 people from
academ a, governnent, and industry. There is over 300
participants signed up frommany countries. Now, to
preface these concerns about safety of HBOCs in general,
have increased over tinme based on accunul ative clinical
experience including with newer products.

The purpose of this workshop which FDA began



organi zi ng several nonths ago was to bring forth and have
this discussion. As many are aware, on the day before
this workshop, a net analysis was published on diverse
products. W' ve al ready heard consi derabl e conmentary on
this, nmethods and perspectives of this analysis, and

what ever you think we should certainly consider that
review as part of the broad picture in our discussion here
t oday.

Saf ety concerns about various candi date products
are not new. FDA reviewers have identified potentia
concerns and carefully considered all available data in
maki ng their decisions about individual studies. Sone of
t hem have been allowed to proceed. Sone have not been
all owed to proceed. And we have been criticized for both,
as being too restrictive, or as being not restrictive
enough.

As we review and di scuss the data today, we
shouldn't lose track that there is trenmendous unnet
nmedi cal need here, whether on the highways of the United
States, the battlefields, people who can't be transfused
because of failure to i mmunol ogically cross match, people

who for religious reasons don't want blood. There is a



t renmendous unnet nedi cal need.

We need you to help us inprove and define and
advance the science to better predict safety and efficacy
of these products. W nust better understand the basic
and pre-clinical sciences to mnimze risk. But even
t hen, nothing, whether a clinical trial or an approved
product can be risk free. Wthout progress, there can be
no benefits to those who renain in need every single day.

It is our hope that the presentation and
di scussion at this workshop will contribute to finding
fast forward for further devel opnent of these products,
but only as appropriate, based on risk benefit analysis of
all available relevant data. Scientists both at FDA and
NlH working with others will continue to be engaged in
hel pi ng advance scientific understandi ng and devel opi ng
tools for safety and efficacy eval uation of the HBOCs.

So | thank you for com ng here today, for your
contributions, and for your deliberation and input and
al so for your consideration of all views on the data and
the subject. So with that, I'll turn it over to Dr.

Si nrone G ynn, thank you very much

(Appl ause)



M5. GLYNN: Good norning. And it is a pleasure
to wel cone you on behalf of the National Heart Lung and
Blood Institute, at this workshop. The NHLBI is proud to
be a co-sponsor of this workshop and as you know, the
institute has reported basic research on Oxygen Carrying
Red Cell Substitutes for nore than 30 years. So | just
wanted to remnd you or informyou that the institute
recently released a strategic plan to serve as a guide for
its research and training progranms for the next 5 to 10
years.

And the process initially involved a series of
thematic, strategic, planning neetings, involving nenbers
of both the extranmural and the intranmural research
communities. And one such group concentrated on issues
related to gl obal blood safety and availability. And one
of the major recomendation fromthis group was the need
to develop alternatives to standard all ergeni c donor
bl ood, which included the devel opnent of safe and
ef fective henogl obi n based oxygen carriers.

So we followed that at the institute by another
wor ki ng group in 2006. And this working group was tasked

with formul ating research recommendati ons for basic



research studies on -- again, on henpgl obin based oxygen
carriers. And a nunber of recommendati ons were provided
i ncluding the need for basic studies to elucidate the
nmechani sms of adverse reactions primarily the

cardi ovascul ar and the cerebral vascular systens, wth
henogl obi n based oxygen carrier formnulations.

The need to conduct studies on the distribution
and netabolismof different henogl obin derivatives,
research into the physiol ogy of oxygen delivery, at the
| evel of the mcrocirculation and the production and
distribution of highly purified henogl obin based oxygen
carrier solutions for use by the scientific community.
And if you have not seen it, and if you are interested
there is a summary of this working group neeting that has
been published in this nonth's issue of Transfusion.

So at the Institute, we are very much interested
in the outcone of this workshop, which will review
avai l abl e scientific data and gat her informed opinions
regardi ng the safety of the henogl obi n based oxygen
carriers in a variety of clinical settings. And the
i nformati on which enmerges fromthis workshop will serve as

a basis, we hope, for further studies to advance the



field.

The institute remains very much commtted to
supporting nmeritorious research in this area and we
certainly look forward to an exciting and productive

wor kshop revi ew over the next couple of days. So thank

you.

(Appl ause)

MR. HOLMBERG Wl cone. |'mJerry Hol nberg.
|"mthe senior advisor for Blood Policy. And I just want

to wel cone you on behalf of the secretary and al so the
Ofice of Public Health and Science and the Assistant
Secretary for Health. | think that as we | ook at sone of
t he advances that have occurred over the |ast 30 years, as
Si none nmentioned as the interest, |I think that we have to
really reflect on the safety and availability of the
products and how are we noving on the various products
that are out there.

| think that one of the things that we really
have to be concerned about is the safety of any product
that we nake available to the American public. And so |
do greatly appreciate all the support, the research

support that is provided by NIH, NHLBI, and al so the

10



regul atory review that is undertaken by the Food and Drug
Adm ni stration.

When Sinone nentioned about 30 years of noving

ahead and -- and the strategic plan, | just quickly was
t hi nki ng about well, 30 years, let's say, that woul d have
been back in 1978. And what -- one of ny comments that I

wanted to make this nmorning was that | think we have been
t al ki ng about henogl obin carriers for probably greater
than we have had an energy crisis. And | think that that
is a true statement.

And so we really have to be able to anal yze the

information that is provided today. And w thout taking

too nuch time, | just want to thank you all for com ng
here. | really appreciate and | ook forward to the
di scussions that take place today. |1'mgoing to turn the

neeting over to Dr. Fratantoni

(Appl ause)
SECTI ON |

WORKSHOP OVERVI EW AND HBOC UPDATE

OVERVI EW OF THE WORKSHOP
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MR. FRATANTONI: Well, good norning. As many of
you know I was heading up the review in research aspects
of blood substitutes for CBER for a nunber of years until
| left the fieldin '96 and it was truly an honor to be
asked to conme back and work with the planning commttee
and noderate this session at this very inportant neeting.

|"ve got a nunber of general ground rule
announcenents to make and then | want to talk a little bit
about how the neeting is organi zed. Cet the housekeeping
out of the way first. Standard conment, we have a very
full agenda. Going to have to ask speakers to pay
attention to the length of talk and the noderators wl|
work with you on this. W have a warning |light system and
will try to keep on tine as best as we can.

Ask attendees to help in that way al so by com ng
back as soon as possible after breaks and lunch. Wuld --
after the breaks and -- and if you were outside this
nmorning saw that there is a bell that will announce that
the break time is over. Lunch is available on the |evel
above here. The Natcher Cafeteria and it is a -- it is
fairly large and we hope we will be able to nove people

t hrough there in the one hour that has been allotted for

12



[ unch.

After the session today, the area above the
auditorium again up at the atriumlevel, wll be
avai |l abl e for social gathering, and people can neet there,
have di scussions, until the building closes at 6:30 p. m

We woul d ask that all press questions for FDA be
directed to Karen Reilly. And there's Karen Reilly. Want
to make finally, sonething that requires special nention,
the organi zers want to call attention to the work done by
the adm nistrative staff in preparing for this neeting and
a special nention to Jennifer Sharpe, Rhonda Dawson and
JimDurum We'll just give a little hand.

(Appl ause)

MR. FRATANTONI : Okay, now regardi ng the neeting
itself, can't start without pointing out that the title
for the neeting Henogl obin Based Oxygen Carriers, HBOC
that termwas devel oped at the first FDA NIl H Wr kshop on
Safety in 1990. At that tine FDA saw that there were sone
guestions that couldn't be answered with data that they
had at hand. W pulled together a workshop that led to
the first points to consider on safety, and the term HBCOCs

came out of that meeting.
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And this neeting as you can see from your

program there are four sessions. |In this first session,
we are -- presenting an overview of basic materi al
underlying the HBOCs. In the second session, it is listed

as clinical experience and after an introduction by FDA of
sonme of the technical matters and -- and ethical matters
there will be presentations fromrepresentatives from
industry with their clinical data. There will be a
di scussion after that as there will be after each session.
Session Il is divided into two parts. The
first will be a series of brief presentations and then
panel discussions, noderated by Dr. Klein. And these wll
be aim ng at considering the -- the class effects, these
simlarities or dissimlarities between the various
preparations that have cone to be known in recent years.
The second part noderated by Dr. Weiskopf is
going to be primarily ainmed at discussing safety,
primarily at an organ specific manner. And | ast session,
Session |V noderated by Dr. Biro is going to be |ooking at
sonme way forward | ooking at biochem cal strategic ways of
doing things safely and yet |earning about the properties

and efficacies of these products.
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There is the one change in Session |V that |
will call to your attention now. The first speaker in
Session IV wll be Dr. Emanuel. The other speakers wll
be as -- as listed. Regarding the discussions, witten
question wll be accepted fromthe audience and wll be
presented to the Panels at the end of each session. |ndex
cards for witing these questions are in your folders. |If
you have written the question, please raise you hand,
bet ween speakers and there are people who will pick up the
cards and bring them forward.

For Session I, | would ask that the questions
regard clarification of the factual material that will be
presented here, issues of interpretation and analysis wll
be better served in the |later sessions. There are
di scl osures regarding conflicts of interest. These are
provi ded by the speakers and the |ist of these are again,
in your folder. W encourage speakers to nmake any
information -- any pertinent information available as it
i s appropriate.

I"mgoing to call -- I'"'mgoing to -- on the
first speaker now, the first presentation is on Overview

of Oxygen Physiology. It is by Dr. Frank Bunn. He is
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Pr of essor of Medicine at Harvard Medi cal School and at the

Bri gham and Wonen's Hospital

OVERVI EW OF OXYCGEN PHYSI OLOGY

MR. BUNN: Thanks, Dr. Fratantoni. | -- it's a
pl easure to be here. The -- it is certainly a neeting
|"ve been | ooking forward to. The -- | have a couple of
di sclosures. |'ma menber of the SAB at Sangart and
formally | was a -- had a simlar role at Somatogen. Wen
we talk to nedical students about oxygen honeost asis,
think that it is alnost conpulsory to begin with the Fick
equation, which says that the oxygen delivery to either
t he whol e organismor to a organ or -- or tissue within
the organ is a product of three independent vari abl es.

The bl ood flow, the oxygen carrying capacity of the bl ood,
t he henogl obin concentration, and the unl oadi ng of oxygen
from-- fromthe henoglobin, which is a function of the
oxygen- bi ndi ng curve, so that the -- these three

i ndependent variables are controlled in very different

ways.
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The -- there is conplex regulation of blood
flow, the erythropoietin is the major hornone that drives
red cell production. And the placenent of the oxygen
bi nding curve is -- is determned in human red cells by
| evel s of 2,3-DPG and -- and PH

Now, when we think about hypoxia and adaptation
to hypoxia, there are a nunber of organi smal changes that
occur acutely with -- and sone of these are very obvious.
| ncreased cardi ac output, pul nonary basal constriction,
systeni c vasodilation, one can call -- refer to the third
item as hypoxic vasodilation, increased ventilation, and
then at a netabolic level, there is a shift to anaerobic
glycolysis. And a change in the -- in the position of the
oxygen- bi ndi ng curve, imediately as a function of PH and
then soon thereafter changes in -- in red cell 2,3-DPG

The -- these are events and phenonenon that have
been known for a long time. Wiat is a bit nore recently
appreciated is that acconpanyi ng these i mmedi ate changes
are del ayed adaptations to hypoxia that are a result of
progranmm ng of gene expression. So that there is an
i nduction of genes that will nake new bl ood vessels.

Neovascul ari zati on, which conpl enments the hypoxic

17



vasodi l ation. There is Tyrosi ne hydroxyl ase, rate-
[imting step in dopam ne synthesis will increase the
carotid body function. |Induction of glycolytic enzynes,

i nduction of erythropoietin, these are all nediated by the
transcription factor H F, hypoxia inducible factor.

Now, the increased cardiac output is of course,
a direct correlate to what | showed in the previous --
previously in the Fick equation. The induction of
erythropoietin as well, and the | owering of oxygen
affinity so that there is -- so that all three elenments of
the Fick equation are enconpassed in these changes with --
adaptati ons to hypoxi a.

Now, hypoxic vasodilatation is a topic that | am
sure will be visited a nunber of tinmes during these two
days. Because it is -- it is fundanental to understandi ng
how patients or -- who have -- nmight be in need of oxygen
carrying bl ood substitute, how that their physiol ogy
adjusts at an organismal and tissue level. And the
nmechani sm under | yi ng hypoxi ¢ vasodil atati on has been a
subj ect of great interest and to sone -- to sone degree

controversy.
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There are three maj or mechani sns. These were
shown in a slide that | borrowed fromthe Al abama group
who have recently published on this topic. There -- the -
- for a nunber of years one possible mechani smfor sensing
and signaling hypoxic vasodilation was ATP rel ease from
red cells as they profuse hypoxic tissue. The -- and as a
result the -- an ATP receptor on endothelial cells would
generate nitric oxide for vasodil atation.

Jonat han Staml er and his group at Duke
Uni versity have pronoted the notion that there is a -- a
sul phyderal linked nitric oxide, SNO derivative of
henogl obi n reactive beta 93 on henogl obi n t hat
altruistically will release nitric oxide as red cells
under go de-oxygenation. And even though a very tiny
proportion of henoglobin would be -- be the SNO
derivative, it would suffice to allow for a vasodil ation
at a point in which it is needed in relation to |ocal
hypoxi a.

The -- this paper by Isabel et al, reports a
transgenic or actually a knock in nmouse nodel, where the

beta 93 cysteine in -- in -- is been replaced by an

alanine. And they find that there is no change in cardio
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dynam cs. And no evidence that there is any alteration in
hypoxi ¢ vasodilation with this inportant nutated

henmogl obin circulating in the nouse. So that that

provi des sone fairly strong evidence agai nst the

i nportance of SNO as a regulator and a vasonotor tone in
response to hypoxi a.

M ke dadwin and his group at the NIH and
col | aborators el sewhere propose that nitrite is a source
of a nitrogenous conpound that would inpact on the
vasonotor tone. And the -- with the idea that henogl obin
particularly when it is partially saturated with oxygen
can function as a nitrite reductase. And | think we w |l
be hearing nore about that from-- in Al an Schechter's
talk. And -- and as well as others.

Now, getting back to the Fick equation, it's --
it's -- obviously, hypoxic vasodilatation is an inportant
determ nant of blood flowto -- to the needy tissue,
hypoxic tissue. And that is going to be determ ned by the
oxygen unl oading as well as the henogl obin concentrati on.
Now, the nitrite reduction then would be a way in which

henogl obin can nediate the release of a -- a nitro --
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ni trogenous conpound to orchestrate and -- and enabl e as
the -- vasodilation to occur.

More relevant to our topic for the next two
days, the HBOCs, is that NO can be -- is a substance which
can be readily scavenged by free henoglobin in the
circulation. And so there is an issue as to whether or
not NO scavengi ng coul d i npact adversely on vasonotor tone
causi ng vasoconstriction and reduction in blood flow. And
this is atopic which I knowit will be thoroughly aired
during -- during the next two days.

Now, in the terns of designing an optical --
opti mal henogl obin substitute there are a nunber of
important criteria. Prolonged survival in the
circul ation, physiologically appropriate oxygen affinity,
colloid osnotic pressure, slowrate of auto oxidation and
m ni mal NO scavengi ng. And what -- what | want to talk
about are three of these briefly. ©One would be the
prol ongation of -- survival in the circulation. | wll
first talk about that. Then I will talk briefly about NO
scavenging. And then finally the issue of what is the
appropriate oxygen affinity for optinmal delivery with a

henogl obi n based bl ood substitute.
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| -- | can't escape going into sone ancient
history. | -- 1 first began research with Jim Yantal
(phonetic), ny nmentor at Thorndi ke Lab at Boston City
Hospital, who died last year. And ny first research
project was on specifically dealing with how free
hemogl obin in this -- in the plasna is handl ed by the
kidney. And | actually finished this work when | was in -
- | drafted into the Arny at Fort Knox, Kentucky. | was
inthe -- at the Arny Research Lab there.

And the studies that we did focused on the
mechani sm by whi ch henoglobin is filtered by the kidney.
And t he hypothesis we worked off of was that the free
henmogl obin particularly when it is dilute in the
circulation -- disassociates fromits tetranmer into
i dentical half nolecules al pha beta diners. And that it
seened logical that the filtration of henogl obin through
the gl omerulus mght be a function of this disassociation
process.

It is -- it is clear that albumin with a
nol ecul ar size simlar to henoglobin tetranmer i s not
filtered through the gl onerul us, where henoglobin readily

is. So the -- the thought was then that the mechani sm by

22



whi ch you see henogl obin energe in the urine with high
concentrations in the plasma was related to the extent to
which it disassociated into dinmers which were nore readily
filtered.

So to test that hypothesis we used a bi-
functional sul phyderal reagent, basically a nethyl ether,

to crosslink henoglobin at the beta 93 sul phyderal groups

to -- to -- to -- and that would keep -- keep henopgl obin
from di sassoci ating. Sandy Sinon at New York had -- had -
- had shown that this -- this reagent worked quite well to

prevent henogl obi n di sassociating into diners. Then as a
control used that nono-functional reagent, N
Et hyl mal ei m de.

And what we showed was that in -- in rats,
treated with BM-- BME henpgl obin that the -- on this | og
scal e, you can see that the retention of the henoglobin in
the circulation of the rat was considerably |onger than
that with either unnodified henogl obin or not shown here,
henogl obi n nodi fied with a nono-functional reagent. So
there was a -- the cross-linking then resulted in a marked

prol ongation of the half-life of the henogl obin.
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And when the rats were nephrectom zed there was
no difference between normal and BME henogl obi n,

indicating that the difference in the survival had to do

with renal excretion. Same -- sane was observed with
dogs, treat -- treated -- henoglobin treated with BNME or
nor mal .

So what the conclusion from-- fromthis, then

was that that the henoglobin filtered through the

gl onerulus as an al pha beta dinmer and then once it -- it -
- it got into the tubule it could be netabolized by the
proxi mal tubule. And till that capacity was overl oaded,
then you woul d get free henoglobin in the urine.

So obviously, it was an inportant -- inportant
in developing and I -- henogl obin based bl ood substitute
to prevent this fromhappening. And in fact, this is a
partial list of henobgl obins that have been devel oped
t hrough the years to be tested as oxygen carryi ng bl ood
substitutes. And all of themare cross-linked so that
this transit through the glonerulus is prevented.

Now, | would like to nmention -- go on to talk
about nitric oxide. It has been -- it has been a -- an

assunption and a very reasonabl e assunption that NO
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scavenging is a critically inportant issue in the use and
application of henogl obin based bl ood substitutes.

Qobvi ously, free henoglobin in the circulation will have
access to the endotheliumto a greater extent than
circulating -- the lamnar flow of circulating red bl ood
cells. And therefore, NO that is produced at the | ocal
endothelial |evel could -- could readily be scavenged and
that may have del eterious effects on blood flow

The Somat ogen conmpany a nunber of years ago,
devel oped a -- a cross-|inked henogl obin which was the
result of a isopeptide bond created between the two al pha
gl obins and at various |engths of |ysine residues were
inserted by genetic engineering to nake for a di-al pha
goblin subunit that -- that would prevent the henogl obin
from di sassoci ati ng.

And this as expected had -- this di-al pha
henogl obi n had a prolonged circulation in the -- conpared
to free henoglobin that is -- that -- native henopgl obin
t hat can di sassociate. Now, Doug Lenmon and John d son
decided to look in depth at -- at the issue of nitric
oxi de scavenging. And so what they did was to nake

mutants in the heme pocket which -- significantly reduced

25



t he uptake of nitric oxide through the henogl obin and the
-- the conversion of -- of NOto nitrate with oxidation of
t he heme-iron.

And so what they did was ask whet her or not
t hese nodi fi ed henogl obi ns which were -- they showed very
-- very elegantly by stop flow analysis did retard NO
bi ndi ng. \Whether they m ght have any effect,
physi ol ogi cal effect, on blood flowin the -- in the
animal. And so here is a -- a diagram show ng the inverse
rel ati onship between the ability of the henoglobin to

scavenge nitric oxide and the increase in blood pressure

not ed.

And you can see that it is clear that unnodified
henmogl obin were -- was -- had -- had a -- had a marked
pressure response whereas -- genetic nodifications that

reduced NO upt ake, reduced that effect. Now, the question
then remains how i nportant this NO scavenging is and what
can be -- and if it is inmportant what can be done about it
and | believe that we will hear quite a bit nore on this
i ssue during this neeting.

A second faith based assunption is that oxygen

bi ndi ng of HBOCs should match that of the red bl ood cell.
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| actually had a -- ny first grant was fromthe Arny to
work on this 40 years ago. And | gave up on it with the
cross-1linked henogl obin that I showed you because it had
such high oxygen affinity. | thought it will be worthless
as a oxygen carrying blood substitute. | had -- | sort of
took it as an article of faith that the henogl obin that
circulated in the plasma should match that of the red cel
and have a p50 of 26 torr, in order for there to be
ef ficient oxygen unloading to tissues.

But the -- this thinking has been chall enged and
revisited in a major way by Bob Wnsl ow who has --
postul ated that the red blood cells are -- are designed to
deliver oxygen in an orderly way to mnimze undue
vasoconstriction by virtue of facilitated diffusion and a
gradient fromthe red blood cell to the endothelial cell.
And when tissue oxygen retentionis -- is low, that is in
ot her words, where there is high oxygen consunption, that
the -- it -- the oxygen carrier has to be poised in such a
way as to not trigger oxygen dependent vasoconstriction.

And -- so that this can be illustrated | think
in acouple -- a fewillustrative slides here. Just think

about a -- a mcro vessel whether it is an arterial or a
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initial capillary, one -- one which is subjected to

regul ati on of vasonotor tone. And subjected to --
therefore, subjected to hypoxic vasodilation. You can see
that with -- with the lam nar flow of red blood cells
there is diffusion of oxygen to the surface of the
endothelial -- endotheliumand that there is a gradient
and so that the oxygen concentration around the red cells
can be greater than that, that inpaction of the
endothelial cell. And this -- thisis a--in a
physi ol ogic system this will allow for a certain

mai nt enance of appropriate vasonotor tone.

Now, if we -- we then flood a henogl obi n based
oxygen carrier into the system and that woul d be done,
say in a patient with severe blood | oss, or where the red
-- circulating red cells nmay be marked decreased, you have
henmogl obin with a capability of unloadi ng oxygen right at
the level of the endothelial cell. And to that extent the
oxygen tension at that cite is -- may -- may well is
i ncreased particularly if the henogl obin has an oxygen
affinity simlar to that of whole bl ood.

So that the -- the -- so that you are going to

get an increase in oxygen retention at the endothelium and
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what this is going to do if the P50 is close to
physi ol ogic, is going to cause vasoconstriction. So you
are going to get a narrowi ng of the |umen of that bl ood
vessel and inpairnent of blood flow. Now, the -- the --
this problem can be offset by infusion of a henogl obin
that has a high oxygen affinity, where there is |ess
unl oadi ng of the oxygen fromthe oxygen -- oxygen carrying
henogl obi n, the HBOC.

And -- and therefore the P02, a |level of the
bl ood vessel will be sufficiently low so as not to engage
vasoconstriction. So this is a paradigmwhich | think is
one that is worthy of considerable pursuit. And I think

|"mgoing to stop with that and hopefully some of these

point wll be revisited and -- and better anplified in
this -- in future talks. Thank you.
(Appl ause)

HBOCS: BI OCCHEM CAL AND PHYSI OLOG CAL PERSPECTI VES

MR. FRATANTONI : The next presentation wll be

on the biochenm cal and physiol ogi cal perspectives of the

HBOCs and this is given by Dr. Abdu Al ayash, who is the
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Chi ef of the Laboratory of Biochem stry and Vascul ar
Bi ol ogy at CBER, at FDA. Abdu?

MR. ALAYASH. Thank you, Joe. M presentation
will basically focus on as Joe said, the title indicate
sone bi ochem cal, physiol ogical properties of sonme HBCOCs
that we had a chance to work on them The work is largely
done here at CBER. There were such prograns that we have
been involved with sone 18, 19 years ago. Hopefully, sone
-- sone basic aspects will transpire fromthis -- this
presentation. And will be hopefully some use as you
deliberate with these inportant products.

So let ne start just with the overall -- |I'msure
many of you have seen this slide before. The different
approaches that have been used by industry to nodify these
henogl obins. And as you can see, we have basically two
cl asses of product. The fluorocarbon based and the
henogl obi n based products. W are not obviously going to
tal k about the fluorocarbons anynore.

The henogl obi n based -- henogl obin is basically
derived fromthe red cells, outdated bl ood, chem cally
nodi fied and the nodifications either takes the formof --

either cross-linking -- cross-linking and the surface of

30



the protein is decorated with some non-protein nol ecul es.
O in sone cases the protein is pulverized. In sone
indication of the -- at |east at the research stages now,
t he henogl obin is encapsulated with lipid bilayer.

The purpose of nodifications is primarily to
serve two really basic issues. As Dr. Bunn indicated is
obviously to stabilize the tetramer. The tetraner -- the
henogl obin as it released fromthe red cells when in free
form will break down into diners. So the ideais to
either to stabilize it in the tetraneric formor the
pol ynmeric form

Today, you are going to hear representation of
t hese approaches from Baxter, which is the original
(i naudi bl e) henogl obi n, Apex and Sangart. They will be
presenting sonme data on the conjugated henogl obin, and of
course, Northfield and Bi opure opted for the pul verized
henogl obi n.

kay. In spite of the bad press, the -- sone
people in the conmunity, actually believe that there are
sone prom sing therapeutic value for these products. But
unfortunately as the slide indicate, we are facing a nunber

of issue regarding the toxicity. But if you check the
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literature these days this is the list that you will cone
up with, vasoactivity and hypertension G side effect,
pancreatic effect and so on and so forth.

The comon thread in all of these reactions is
really the -- the -- the -- the issue is either triggered
or emanated fromthe healing prosthetic wound of
henogl obin. And an exanple of that is -- was vasoactivity.
As Bunn had indicated it is very sinple reaction between
henogl obin and nitric oxide. But if you really
bi ochemi cal ly through sone of these events, carefully you
can also again, see the role of hene in these reactions.

And anyway you look at it, with the nitric oxide
or reactions of henogl obin w thout nol ecules, henme will be
oxidized. This is really the main theme of ny talk.

Regardl ess, whether it is nitrous oxide or oxidants and so
on and so forth. So what drives oxidation? Inside the red
cells, and outside the red cells? And as you know,
henogl obi n spont aneously oxidizes even within the red cells
to a nunber of species, ferric or the mat, which is non-
functional, or even sonetines ferra which is even little

bit toxic.

32



But as you know, in the red cells, we have a very
efficient and sematic machi nery that reduce the henogl obin
back to its previous functional form Wen we have
henogl obin free outside the red cells, of course, you can't
control the henoglobin. Henoglobin will -- will oxidize
spont aneously. And additionally, the henoglobin will --
the oxidation itself will be actually enhanced by a nunber
of factors, including as you said, the spontaneous
oxi dat i on.

| f you | eave henogl obin on a bench for 10, 15
hours and you | ook back at it, it will turnlittle bit
brownish. But it is just the rusting, the oxidation. And
of course, the activity with nitrous oxide will also
oxi di ze the henoglobin to certain extent. And of course,

t he oxi dant, but of course, we have no shortage of

oxi dants. And incidentally, even the henoglobin itself
when it auto-oxidizes produces oxygen. And can actually if
you leave it for long tine it will self destruct.

Additionally, in our case, the way you nodi fy the
henogl obi n, the manufacturing that goes into producing the
henogl obin, in sonme cases, can actually enhance the

oxidation. |In sone other cases, may slow it down. And the
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net result of all of this of course, we can have the effect
-- the effectiveness of these henogl obins. Wen you
accumul at e net henogl obi n, met henogl obi n doesn't carry
oxygen. O course, if it oxidizes fully you break up the
henogl obin. That may actually lead to sone issue with the
-- with the safety.

" mgoing to choose two exanpl es on the
manuf acturing and on the oxidant. Very briefly. This is
the story of henoglobin that we had to chance to actually
ook at it. It is human-1inked nmanufactured by Henosol and
they give us this sone few years back. And we had sone
agreenent with them The common scientific name is
pol yneri zed henoglobin. What | amtrying to do here is
show you how chem cal nodifications in sone cases could
actually lead to sone undesirable destabilization of the --
of the product.

This cartoon sunmarized the story. Wat they
tried to do is basically treat the henogl obin, which is
extrenely purified formof henogl obin, A0, with sugar which
is atrisaccharide raffinose. And this sugar, before they
added to the henogl obin, they oxidized it to open up the

grains, added to the henogl obin and of course, the sugar
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will bind to 3-amno acid here in this space which is known
as the 2, 3-DPGs pocket.

They had done initial work to indicate that the
actual cross-linking had occurred. And in fact, if you
| ook at the HBLC in our hands also it |ooks in a polyneric
form Because the sugar not only goes in the DPG pocket,

t he sugar actually nodifies some of the am no acids on the
surface and it produce a pol yner.

But if you |l ook at the typical oxygen titration
curve here, if you look at typical AO, you get this nice
signoidal curve. And if you use fresh bl ood and of course,
the curve is shifted. And is again nicely signoidal in
nature. But if you | ook at the product which is produced
fromthat addition of that sugar on purified henogl obin the
result is this bizarre formof oxygen. Look at this curve.
It is almost linier. Has no signoidal nature. Doesn't
saturate

In fact, even if add pure oxygen to it, it would
not saturate. So clearly there is something wong in the
chem stry of the henoglobin. At this rate it would have
done sonething wong and we tried to sort of get to the

bottomthis issue, to sort of try to understand what
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actually went wong. Two things energed from an extensive
study that we publi shed.

One of them was the hene itself, if you know the
hene is protein and iron, usually sit in the center. Well,
we found out that this henoglobin is actually the -- the
hene itself is distorted. The iron instead of being in the
mddle, it is actually tilted. And that would lead to
break up of the hene and iron will be released. And we
pi cked this up with an EPR techni que.

The other problemw th this product is that their
protein as you know, go -- spontaneously they transition
fromthe fully oxygenated to the non-oxygenated. The R and
the T form This henoglobin is actually locked inthe T
form the de-oxy form And this nakes plain -- funny shape
pol ybural curve because you -- you paral yze the henogl obin
in the T4. Renenber al nost nost H factor are to certain
extent in the T form This particular henoglobin it
appears to be actually frozen in one form

VW went down. We broke in the henogl obin. Now,
if they are at the top, we thought if we can take these six
fraction, pull themout, |ook at their properties and if we

pul |l out the bad fraction, maybe if we can put it together
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we can fix the problem Couldn't do that. W' ve broken
the henogl obin into small peptide | ooking for the reagent.

Wiere did the reagent go? Renenber the reagent
was supposed to go here? Unfortunately, we found it bound
to (inaudible) amno acid conpletely different 60-93. And
here is the mass fact data to confirmthat the masses of
the sugar is actually on 60-93, which is way fromthe area
that the reagent was supposed to be here. It was supposed
to be here, here, and here.

And here is sonme cal culation of that, the nasses
to convince ourselves that we are actually | ooking at the
sugars on -- on the wong side. And here is the close up.
The sugar found here, and ironically the pieces of the
sugar, not the full sugar, which is called (inaudible)
product, we find that on a conpletely different am no acid.

The point in all of this, the reagent didn't go
in the area where it is supposed to go, create sone
destabilization, pulled sonme water fromthe cavity and that
may explain the unusual activity. That we unfortunately,
didn't have enough of the material to do it. And now, to
sort of relate the chem stry to the animal and the story

end and there. But the point in here is that when you saw
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a reagent on your henoglobin you really need to know what
you' ve done to the protein. Fromsinple experinent, you
can actually pull a lot of quite inportant infornmation.

One nore story here, on the -- oxidation. And as
| said oxidation can occur by oxidants, by henogl obin
(i naudi ble) on -- on oxidants. And here is a story that we
publ i shed recently, which is really very sinple story.

VWhat we did here and | guess -- renenber pure oxide is
avai |l abl e physiologically even small anmpbunts can do it.

So we took the henoglobin, we treated with
hydrogen peroxide in 1:1 ratio; very little of hydrogen
peroxi de. And we found out again, using nmass spec, we
found out that actually the oxidation of a handful of am no
acids is always consistent. Each time you do the
experinment we find 60-93 again, is oxidized, irreversibly.
And 60-112 and tryptophan and the infanous methioni ne 55.

Now, when | say reversibly, when you talk to
protein chem sts, this is unheard of. To actually use
little hydrogen peroxide, add it to the protein and you
convert sisteic to sisteic acid. Normally you would
requi re a huge anount of hydrogen peroxi de and nore

power ful oxidant. The reason for that is very sinple here.
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What pure oxide did actually radicalize the henogl obin

And we know that. W have done that. Wth the pure oxide
they create a radical, radical what? Protein and
irreversibly damage the protein. The point in all of this,
even very little oxidant or actually henogl obin, can
actual ly radicalize your henogl obin.

Ckay, so the question is we can do chem stry from
now, until eternity but obviously there will be a tine when
you need to ask the question do these sinple test-tubes
reaction really occur and | eave a -- an animal ? Does
oxi dati on occur and whether these reactions can actually
conprom se the ability of henpglobin to carry oxygen? And
nore inportantly, if it |leads to sonme toxicity?

So we did the followng. W've chosen -- and
agai n, depends when you do these experinents, you really
need to be careful as far as the choice of am no nodel, and
the extent of your -- your -- your search of the facts. So
what we are doing here, we had two identical species. The
rat, which we know ahead of tine, the rat has the ability
to somatically produce ascorbic acids, which is a very

power ful reducing agent. Wile the guinea pig, of course,
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unfortunately, like humans are -- are not able to produce
hydr ogen per oxi de.

So we infuse these animals with 50 percent
exchange transfusion with the sanme protein which is
comrercially avail abl e oxygl obin. And we | ooked at the --
the oxidation. But before that you can see in the rats,

t hey nmaintain normal |evel of ascorbate, which is very high
ascorbate. N tric oxide guinea pig, after transfusion drop
it remain very low. And how about the henogl obin and
circulation? Frominformation of the oxidation that you
can see the value al nost maintain normal |evel of -- of
henogl obi n, functional henoglobin, very little oxidation.
The -- the guinea pig, alnbst 50, 60 percent of the

henogl obin turned into nmet, which is very simlar to what
actual | y Bahagas (phonetic) reported years ago. And
simlar to sone clinical data which we published recently

i n humans.

So what happens with the henogl obin? The
guestion is out of this oxidation, if you Iike, we know
t hat henoglobin will end up wth sone changes. Can we
actually find that in the blood? So we pulled the bl ood of

the ani mal and we | ooked at the oxidant nodification in the
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gui nea pig. Nothing happens in the rat. And we see here,
this is at four hours. This is at 24 hours, and you can
see both the al pha and the beta subunits have undergone

oxi dant nodification very simlar though we don't have very
definitive answer to the oxidation pattern that | showed --
the some of the p-amno acids. So clearly, in the
physi ol ogy, these things do occur.

W | ooked for toxicity in the tissue and we've
seen very simlar to what Baxter and ot her peopl e have
seen. Transient (inaudible) changes and so called, the
heart -- cardiac collisions, kidney damage. The rats and
the guinea pig are slightly different, so to speak, but we
are | ooking at nore sensitive biomarkers to actually relate
the chem stry we saw in circulation to the tissue.

The other part of ny talk is, do these products
del i ver oxygen after the oxidation that we have seen in --
in circulation? And we have been looking for a really
reliable tissue biomarker. And recently, as Dr. Bunn had
i ndi cated, we stunbled on very val uabl e bi omarker. And
that is of course, the hypoxia inducible factor, which is -
- which is a transitional factor, can control the responses

to the hypoxia controlled | arge nunber of genes.
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Now, they have -- and | ow oxygen or rather high
oxygen is normally degraded through an enzynmatic pat hway,
ultimately by the proteasone. |f |ow oxygen helps binds to
the beta subunit, transmt it to the nucleus and bind to
the DNA and trigger the activation of a nunber of key
i nportant genes. And these are of course, alpha
(i naudi bl €) genes, beta glycolytic genes, (inaudible) genes
and so on and so forth. So the point in here, we need
sonmething sitting in the cells to tell us whether really
oxygen deliver -- being delivered by the henogl obin. And
this is really one thing that we have there, which is an
oxygen sensor, you know.

So what happens if the henogl obin cones with
oxygen? Can we see any changes in the genes and the -- and
the ot her responses? Go back to the rat and the guinea pig
and here you are looking at the functional ferritin. W
pul | ed the henogl obin fromthe circulation and | ook at the
different heme, total heme concentration and ot her species,
but we really concentrating on the ability of henobgl obin as
time goes by, clear. And of course, henogl obin |oses the
ability to carry oxygen. As you can see they have in the

ki dney is going up.
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And late, in hours you can see a nice coalition
between the two. This particular henogl obin was able to
suppress, HF in the early stages, which neans oxygen
presumably being delivered. And in the guinea pig, we see
-- we see simlar thing, but you can see clearly towards
t he end, henogl obin turned into absolutely nothing but a
cluster of nodified henogl obin and you can see the HF is
extrenely high.

The genes, here we are |looking at -- at -- at
henogl obin slightly different experinent but we are focused
on the rat. Because the rat is basically, cleaner than
guinea pig. This is to control oxidation. W didn't want
to conpound our experiment. Here we conparing the sane
henogl obi n versus starch, hetastarch. It is 80 percent ET.
Which is to chill, exaggerate the hypoxia.

You can see here, with an unoxygen carrying
vol unme expander, the huge increase in the eco-gene and of
course, it goes down after sone tines. This again, the
ki dney and of you can | ook at the henoglobin, there is sone
suppression early, which is again about 10, 12 hours. Then

you can see the EPO rebound to hi gher |evel.
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Interestingly, few years ago, sonme in industry
t hought that this is a new property of henoglobin, which is
i nduction of erythropoietin but in reality what happens of
course, when EPO rebound, it has usually lost the ability
to carry oxygen. Henogl obin has been oxidized and by this
time of course, has been cleared. Here, we are |ooking at
the erythropoietin, which basically corresponds with the
genes.

Recently, we | ooked at a rather sensitive organ
which is the mtochondria. And here we are |ooking at
cytochrone oxidase, which is -- termnal oxidase in the
mtochondria. And it just happens that this protein is
al so controlled by HHF. Here we are | ooking at the
gl ycolytic netabolismin case of the -- the sane ani nal s,
of course. And what happens during nornoxic, one subunit
of the henoglobin -- of -- sorry, of the cytochrone
oxi dase, COX4 1, transforned to COX4 2. Don't confuse it
with COX inhibitor. This is cytochrone oxidase.

And what happens, the reason for this because
when the mtochondria transfer that, you know, from4-1 to
4-2, it is to maximze the electron transfer and -- and --

and what you see here again, the -- piece -- piece of HF
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starts to fuse around -- increase in the COX4, to very
little initially in the case of the oxyglobin. Again, at
the mtochondria | evel where every nol ecul e of oxygen
really counts, you can see that the henogl obin at | east,
the first 10 hours was able to do what it was supposed to
do.

kay, so clearly, | hope |I have convinced you
that -- that hene-oxidation is really critical here. And
know that there are a nunber of people here in the room
and ourselves who started early to think of ways and neans
to control it. And nunber of people here in the room
i ncludi ng John O son and ourselves, and particularly John,
started using sinple protein type nodels, which is
myogl obin and | ater on henogl obin, to reengi neer the
henogl obi n pocket. The hene pocket, where -- and | presune
that these oxidants interact. W, nore recently started
| ooking naturally occurring actually, henoglobin that could
have sone nice chemi stry that we can obviously |ater on
translate it into human.

Recently, we | ooked at the (inaudible)
henogl obi n, which you throw anywhere at it, or oxidant

react very, very slowy. The idea is here, that of course,
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when -- so use that clever chemstry in nature to hopefully
do that in human situation. Nunber of approaches people
have tried to put the enzynes fromthe red cells back to

t he henogl obin either cross-linked or not and the whol e
idea is to control oxygen -- oxygenation or oxidation,

r at her.

W have recently, we used ascorbate. O course,
as we said it is an inportant reducing agent, selenium
Even the green tea actually, has sonme anti oxi dant property.
This is an area that -- and -- or part of the control of
oxi dati on which is heptaglobin, CD 163, which has been
really ignored in recent years. This is nore recent
interest of ours and you are going to hear nore from
Dom ni k Schaer who canme from Switzerland who will talk
about this a little bit nore.

But here is a little cartoon which show of
course, the conventional thinking that heptagl obin of
course, rightfully binds with the dinmers and CD 163 al so
conbined with some of these dinmers or the tetramers. W
actually recently shown that the tetramer even sone
tetraneric species within the polynerized henogl obi n can be

pi cked up by CD 163 or -- or they heptaglobin. And if we
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nodi fy the surface of the protein, you can actually enhance
either pathway. O you can enhance both pat hways for the
cl earance. Again, you are going to hear nore on that issue
t onor r ow.

So in summary, alnost all HBOC will undergo
oxidation. There is no way you can control it and you can
actually radicalize the henoglobin as | have indicated to
you because of this transition. |f however your HBOC can
wi t hstand NON (phonetic) cells, and oxidants (inaudible).
Al'l by addition of some of these additives to control slow
oxi dation, you may actually get away with it. And you can
keep the henogl obin intact and deliver some oxygen.

Finally, the people who actually did the work in
my life are listed here. And | would really sincerely |ike
to thank coll eagues here with nme on the organi zi ng
commttee for a stunning job and helping us in putting the

wor kshop together. Thank you very mnuch.

(Appl ause)

NI TRIC OXIDE AND NI TRI TE | ONS PHYSI OLOGY, PATHOLOGY AND

PHARVACCOL OGY
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MR. FRATANTONI: Dr. Bunn nentioned that we
woul d be tal king about nitric oxide physiology, and now
for a nore detailed discussion of that, Dr. Al an
Schechter. He is the Chief of the Ml ecul ar Medicine
Branch, of the National Institute of Diabetics, D gestive
and Ki dney Di seases. Al an?

MR SCHECHTER: | realize that the time is late
and I will try to go through this rapidly. | would like
to thank the organi zing commttee, including nyself, for
inviting ne to present here today. Can we have the lights
down pl ease? Thank you. What | wll try to do is give a
general view of -- for the non-specialists of nitric oxide
physi ol ogy, pharnmacol ogy, and -- and pathol ogy. And just
to point of disclosure, that I -- I ama co -- co-inventor
of a patent from-- by National Institutes of Health for
the use of nitrite salts in the treatnent of
cardi ovascul ar di seases.

Background slide, nost of you probably are
famliar with this. The nitric oxide is believed to be
the major system c vasodilators, short-lived free radi cal
which is multiple balanced states, which can undergo

reactions with many | ow and hi gh nol ecul ar wei ght
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bi ol ogi cal compound. For the purpose of this neeting, the
fact that nitric oxide can be rapidly destroyed by
henogl obin, a fact that has been known since the very first
di scovery of -- of nitric oxide by Cctivity (phonetic) in
the md-1980s, it was used as an assay for nitric oxide for
many years, |eads to a paradox about its bioactivity,
because of the expectations of the vast anmounts of
henogl obin in the body, intracellular and extracel |l ul ar
woul d destroy virtually all the nitric oxide.

As we have gradually realized over the last 10 or
15 years, the physiol ogi cal and pharmnmacol ogi cal potenti al
of nitric oxide depends upon the bal ance between
destruction and preservati on and perhaps transport of
nitric oxide through henogl obin

The nitric oxide paradigm which was worked out
in the md-1980s by Furchgott, Ignarro, Miurad, and Macata
(phonetic), the first three of whom won the Nobel Prize a
few years ago, for basically, the ideas described in -- in
this cartoon is that either shear stress in the
vascul ature at the very top of the slides, with certain
hornones |like (inaudible ) acting through its receptor can

activate a nitric oxide synthase, NGOS, in endotheli al
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cells, which converts arginine to citrulline, freeing
nitric oxide, nmuch of which diffuses into the snooth
nmuscl e bel ow t he endot hel i um and activates guanyl ate
cycl aseto, an active form which conpares GIP and cyclic
GW. And through processes involving cal cium fl uxes,
causes snooth nuscl e rel axation.

It was also realized but only really studied
intensively in the last 10 to 15 years that nitric oxide
also diffuses lumnally as well as ablumnally into the
vascul ar system and that this process of the NO reactions
within the vascul ature obviously contributes very greatly
to determ ning the balance of nitric oxide in -- in -- in
t he body.

The functions of nitric oxide as | indicated are
enornous. The regul ati on of vasodilatone was the first to
be described in that initial work that lead to a Nobe
Prize but quickly it was realized that there were many
ot her inportant functions including platelet out-gauge and
attachnent, changes in circulating selectins and ot her --
other proteins in activation of super-oxide and the whol e

conpl ex of reactions involving oxygen radical chem stry.
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In addition, it was soon realized that in
addition to the NOS in endothelial cells, there were NOS -
- there were other NOS enzynmes, one in neuronal tissue,
the end NOS, which was -- is involved in producing NO in
the neuro system which inportant for neuro transm ssions,
as well as other processes. And another -- and a third
NCS, the i NOS, in macrophage is the inducible NGCS, which
is inmportant in fibrocytosis and destruction of various
pat hogens.

And so all in all, nitric oxide |I believe that
the publication of 75 or a 100, 000 papers does indicate
sonme inportance is -- is considered a -- a topic of great
bi onedi cal interest. M own background for the | ast 30
years in henogl obin and sickle cell henoglobin led -- led
to my interest in nitric oxide because of the interactions
that were known fromlong tinme ago and sone recently
postul ated interacti ons between henogl obin and nitric
oxi de.

Many of these reactions were actually first
described in the 19th century, but it was only at the
begi nning of the 20th century, during the first World \War

in that -- that the study of oxy-henoglobin reaction with
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nitric oxide to lead to nmethenogl obin nitrate was first
studied in -- in detail by Coleman (phonetic) and Rao
(phonetic.) And others, for reasons having to do with the
use of gases during the First Wrld War

A second reaction was intensively studied in the
'50s and '60s with the advent of EPR, spectroscopy, the
reaction of NO with deoxy-henopglobin to give nitrosohene
henmogl obin with NO henpgl obin with nitrosohenogl obi n which
| will nention again later. And the third -- a third
reaction which as Frank Bunn alluded to was postul at ed
about 12 years ago, primarily by Jonathan Stem yn, his
col | eagues at Duke University, who suggested that oxy-
henmogl obin could also react with NOto nodify the
conserved beta 93 cysteineconpound which is called S

ni t rosohenogl obi n or SNO henogl obin and they postul ated a

-- an inmportant honeostatic function for their -- of great
-- and it becane the -- the postul ate had great
theol ogical interest, in that it was -- the idea was that

SNO henpgl obin was allosterically controlled and it is
di ssoci ati on under hypoxic conditions could free NO and
lead to increase in -- in blood flow and i ncreased oxygen

delivery to conpensate for hypoxic conditions.

52



However, fromthe very begi nning this hypothesis
was very controversial but it did serve a function of
getting nme and many ot her investigators into the field who
were interested in henoglobin into the field at that tine.
And in particular, just about then, in '96 and '97, | was
fortunate that | initiated a collaboration with Mrk
@ adwin who had joined the NIHin Critical Care Mdicine
and R chard Cannon of the National Heart Lung and Bl ood
I nstitute.

And we began to try to |look at the question in
humans and virtually all the work | nentioned before about
SNO henogl obin was done in aninmals and we were not sure
how rel evant this was to human beings. W decided to --
to investigate the reactions of NO wi th henogl obi n under
physi ol ogi cal conditions and we chose the inhal ation
net hodol ogy of delivering NO which had been approved by
FDA based upon the work of Lawence A. Paul and others.
And it has been approved for use in the treatnment of -- of
certain pul nonary conditions.

And we were able with the help of Critical Care
Medi ci ne nurses, and other staff to have a nunber of

normal volunteers and then later on sickle cell patients
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and other individuals breath nitric oxide for varying

peri ods and anal yze the -- the changes in henogl obin

chem stry that occurred in these individuals. And so you
can see under what we consi dered physi ol ogi cal conditions,
what the rel evant reactions were.

| wll just say, | have | ong advocated the
i nportance of clinical research of studying phenonenon in
humans and | -- | think this is a very good exanple that -
- that things that we found in hunmans were not necessarily
the sane as were reported in animals. In any case, the --
t he paradi gm was have an individual for a couple of hours
at rest, we neasured nitric oxide derivatives in arteri al
and venous bl ood, the individual then breathed nitric
oxide at -- at 60 or 80 parts per mllion for a -- two
hour s.

W neasured the changes in these netabolites and
then the inhalation was stopped and then the val ues went
back to -- to zero. And we set up assays for all what we
beli eved were the inportant NO adducts at this tinme. And
sone of the results we got then, and these studies
i ncluding the use of nitric oxide inhibitors, exercise to

-- to test various physiological hypothesis, which | won't
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go into now, was that we found when individuals breathed,
these were normal individual breath nitric oxide for two
hours, we got significant increases in nitrosohenogl obin
but very interestingly a statistically significant
arterial venous difference in all three of these
experinental situations.

No increase in SNO henogl obi n which val ues we
got in our assays were nuch | ower than were being reported
fromfurther south of here. And no AB differences. But
interestingly we found that as you woul d expect there were
mar ked increases in nitrate. In fact, we have inferred
that nost of the nethenoglobin in the body comes NO
reaction. The NO reaction with the oxy-henoglobin to give
met henogl obin nitrate and in addition, how with snal
increases in nitrate levels with generally significant AP
di fferences both before and after inhalation.

And on this -- on the basis of these studies of
normal vol unteers we postulated that NO i nhal ati on m ght
lead to NO -- systemic NO increases but that the likely
fact is for potential physiological delivery if it
occurred, were -- was NO henoglobin and nitrite. Both of

t hese hypothesis were not warmy accepted. |In vitro the
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hal f-1ife of NO henobglobin is very long, 100 or nore
hours. And so it did not seemthat it could act
physi ol ogically and nmany investigators said nitrate cannot
be under physiol ogical condition converted to -- to NO

But in any case, we believe that data and we
wrote a short review and by that tinme for the New Engl and
Journal of Medicine, | think 2003, in which we postul ated
that the basic overview of nitric oxide pharnacol ogy,
physi ol ogy, pathology is showin this -- this cartoon that
all ordinarily erythrocytes are fairly much i nmune from
interaction with nitric oxi de because of unstirred | ayers,
Liao (phonetic) and others, Kim Shapiro, had studied the
di ffusion and for a variety of hydronanmically -- | won't
go into this, probably a little diffusion under nornal
conditions of the NOinto the red cell.

Wth pharnmacol ogy such as with nitric oxide
i nhal ati on, we postul ated a nunber of reactions the
possibility of these anti -- oxygen reductase reduction
t hat (inaudible) has been studying, mght contribute to NO
formation. But in particular, in ternms of red cell, we
believed that the nmajor resultant of |arge scale NO

adm nistration as with the inhalation was the formati on of
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ni trosohenogl obin and that coul d di sassoci ate under --
under physiol ogical conditions to free nitric oxide,
per haps t hrough SNO henogl obi n.

Wth the idea that we suggested was SNO
henmogl obi n was an unstable reactive internediate in nitric
oxi de nmetabolismof the red cell. But also that -- that
nitrite itself could be fornmed in the vascul ar system and
nitric oxide could be converted to free NO

In contrast, we were just beginning to do
studi es then and from ot her data that suggest to us that
the cell free henoglobin could be very different, that the
NO produced by NO syntheses in the wall of that bl ood
vessel would quickly react with the largely ferrous cel
free henogl obin, convert that to ferric and nitrate and
lead to a relative NO deficiency and cause constriction of
t he vessel s and perhaps contribute to some of the
pat hol ogy of -- of various cardiovascul ar di seases.

This hypothesis -- this article led to five
| etters of protest brought by Dr. Stanbler and four of his
col | eagues, five separate letters brought by four of his
col | eagues saying that none of this could be right. But

still five years later, | think what we said here is
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basically the view we still have. W often initiated
studies and this is with Andre Dejamof nitrite levels in
humans in plasma and red cells. There was a | ot of
controversy in the literature. Again, the value bring
reported especially for animals, were i nmensely higher
than we were seeing in human normal and i ndividual s and
patients.

And we had to work out, |argely done by a post
doctoral fellow, who is now at the Bi ngham under Dej am
nmet hod both of assaying for nitrite and stabilizing if we
felt a stabilization systemthat we could get stable
val ues of 24 hours. This is -- these data are froma
paper in Blood two or three years ago, in which we found
t hat now neasurenents whole blood nitrite levels in just
about a dozen human beings as with regard to 117 aninmals
per liter red blood cells are close to 300 ani mal s per
liter suggesting that nost of the intravascular nitrite is
inthe red cells but a significant amount in the plasm
and that using these nethods, the stabilization solution,
one could study nitrites in a systematic way, other than
many ideas that it mght be a risk factor for various

cardi ovascul ar di seases.
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We al so with our usual propensity to use
Power Poi nt to draw cartoons did another one of the --this
zoomis the interaction of the nitric oxide in the
vascul ar systemwith the nitric oxide produced by i NOCS
undergoi ng reaction with many oxidants reductants to give
a whol e variety of bal ance dates which | represent here as
N-Oxy and these various bal ance dates which include proxy
nitrite and NO2 and N2G3 and nany ot hers can either react
to nitrate proteins, tyrosine groups or sul phydral groups
or lipids -- could this -- this significant anounts of
free NO as well as oxidation to nitrite which can be
reduced to NO by (inaudible) oxidase at |ow PH or NO and
nitrite can go into the red cell and undergo a -- sone of
the reactions | have been descri bi ng.

| don't have tinme to step through these
reactions except to say that the two uncertain issues of
i nportance in this schema is first whether or not there is
sonme nitric oxide being produced within the red cell. Dr.
Kel man (phonetic) and his coll eagues have published a
nunber of papers over the |last few years suggesting that
red cell nenbranes have eNOS activity and convert |argely

to NO Oher groups have not been able to confirmthat
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but if it is true and it nmay require certain conditions of
substrate, it would be very inportant to in understandi ng
where the NO -- NO and nitrite in the red cell cones from

The other aspect is that the -- there is still a
question of how the NO can get out of the red cell after
any or all these reactions. And this is still
controversial. There is an interesting recent suggestion
by Kim Shapiro and dadwin that N2O3 is the active form
for efflux in the red cell but | think that that -- those
anal yses are still ongoi ng.

But at this point, given our physiol ogical
interest in all this, we ask the question is nitrite a
vasodi l ator. W know and this has been known for a |ong
tinme that vasodilator -- in vasodilators aortic rings have
hi gh concentrations. 1In fact, Dr. Sonmerw se (phonetic)
did studies like this in 1930 -- well, not with Eric Rings
(phonetic), but with -- in animls and people, the studies
were done in 1930s at Brighamand in the 1950s by Dr.
Brownwal d (phonetic) N H

The nitrite vasodilates |ung profusion nodels at
concentrations of 100 mcronolare. | took the byzantine

(phonetic) oxidase and the | evels but there were papers
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appearing as recently as three or four years ago, that
suggested that there was no vasodil ator activity of
nitrides.

So we began a collaboration with a group at Loma
Li nda, Gordon Powers and Chris Hunter and their coll eagues
and we infused -- they infused nitrite into hypoxic
newborn sheep and you can see that blood pressure fell
with the infusions. And it fell to a great extent that
hypoxi ¢ ani mal s than normal ani mals, suggesting that the
hypoxi a enhanced this. A very inportant correlative of
this was the neasurenent of exhaled NO in these sheep and
we could when we infused nitrite into an artery, we could
see NO bei ng exhal ed which was direct proof that nitrite
was being converted to NO was not acting by sone other
mechani sm

Eventual ly, a few clinical studies were done
with the FDAIND with low levels of nitrite were infused
step wise into a few individuals and we found an i ncrease
in forearm bl ood fl ow which correlated with changes in
whol e blood nitrite and we could follow the tinme course of

that seeing the effects were alnost imediately if seen
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|aterally, but only started occurring after a mnute or
two in the contra-lateral arm

And so the conclusion of this work was that
nitrite irons caused vasodil atati on and physi ol ogi cal
concentrations and may contribute to hypoxic
vasodi l atations. Nitrites probably induced to NO by deoxy
heme- proteins and other nitrite reductase nechani sns. And
Dr. Gadwin will go into this I think tonmorrowin his
|l ecture. Nitrite may be relatively stable tissue and
bl ood source and bioactive NO And nitrite may be useful
for adm nistration by inhalation or infusion as a therapy
for various patho-physiological states characterized by a
l ack of NO.

Now, the tine is late and | see the red light so
say -- with just to say we have been recently been
exam ning the effect of a ascorbate and the dehydro
ascorbate which are in equilibriumon -- on sone of these
reactions. And we can show, and there is a paper that has
j ust been published in biochenistry by ny coll eagues
(i naudi bl e), that DHA can oxidize HBNO t o net henogl obin
and presumably free the NO as you can see the tine -- the

time course of this. And that DHA can increase nitrite
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I evels in erythrocytes and we again, we have worked out a
proposed nmechani sm of this.

Time is late and | won't go into this. You can
| ook at this in your hand out. The only point | would
make that | think of general inportance for this group, is
that other factors |i ke ascorbate or perhaps urate can
al so affect these reactions and so inferences from studies
of pure henogl obin solutions Iike the NO henpgl obin
sol utions are not necessarily valid for what occurs
physiologically especially in the red blood cells.

Lastly, it is inportant that | spend two m nutes
just nentioning henolysis. | have worked for 30 years in
sickle cell disease and this sunmarizes the fact that we
know t hat henolysis is a very inportant part of sickle
cell disease, into vascular henmpolysis. And it -- and
again, we know that NO as | said it is a destroyed by
henogl obin on diffusion, |limted reaction.

This slide which | nade up several years ago,
before I was -- got involved in HBOC question, we
obvi ously knew and actually |I think it was Bob W nsl ow who
suggested to ne in 1993, 15 years ago, that a lot of the

problenms in the HBOCs was indeed due to nitric oxide. And
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this was before 1'd even paid any attention to nitric
oxi de.

And this again is just the part of the schemata
but what | wanted to -- is that this idea has been taken
by Mark @ adwin and his col | eagues Martin Steinberg and
others into the idea that -- that sickle cell disease may
actually have two distinct conponents. A vasoi ncl usive
conponents, related to intracellular polynerization. |
woul dn't call it erythrocytic sickle, I would call it
intercellul ar henogl obin nass pol ymeri zati on.

And the factors of sickle cell disease that are
affected by this include the, obviously the henogl obin
| evel -- include the henoglobin | evel for destruction of
red cells, the termnal arterials, vasal (inaudible) pain
crises, acute chest syndrone and other synptons. But that
was a distinct subset of synptons including pul nonary
hypertensi on, pryposim glycolysis and now, there is sone
data for stroke as well, that is related to the henolytic
conponent .

Up until now, henolysis has been |argely known
as sickle cell disease. Most patients are very well

conpensat ed and do not need transfusion. But this -- this
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approach to it -- to the disease suggests that there are
two sets of synptons which are due to quite different
di stinct patho-physiol ogi cal nmechani sns.

Lastly, just Frank Bunn alluded to the paper
that has inpressed, |I think may cone out this Friday or a
nonth from now, of Nature Medicine fromlsabel Patel, in
towns at UAB which they nmade a knock in, replacing beta 93
cysteine with an alanine and you see a change in SNO
henogl obi n, but there was no ot her phenotype in these
animals. And in fact, when -- when one does, the classic
aortic ring assays with either normal nouse henogl obin or
the without the beta 93 there are in -- in pul nonary
arteries of rabbits there are no differences at all.

And the conclusion of this is that under these
ci rcunstances there is no evidence that SNO henopgl obi n has
any physiol ogical inportance. And | think all the papers
t hat have cone out recently about the inportant of SNO
henmogl obin in blood transfusion, in sickle cell disease
and di abetics and pul nonary hypertensi on have to be
t horoughly reevaluated on the basis of this very inportant

findi ng.
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And then just to conclude that nitrite ions
cause vasodi |l atation, physiological concentrations
contribute to hypoxic vasodilatation and a relatively
stabl e tissue and bl ood sources of bioactive NO for
endocrine delivery. Nitrite is reduced by deoxyhenogl obin
and possi bly other hene proteins nyogl obin, henogl obin, et
cetera. NO henpgl obin nay al so be a source of bioactive
NO and SNO henogl obi n appears to be an unstable
internmediate in NO reactions w th henogl obin.

Cell free henogl obin and acute and chronic
anem as may contribute to pathology by reaction with
either NOor nitrite ions. And adm nistration of NO by
i nhal ation of nitrite by inhalation or infusion may
conpensate for pathology related NO deficiencies. And
already there is work in the HBOC field. A recent paper
from (i naudible) Paul along these lines. So | think the -
- we still have a big problemw th NO bi ochem stry with
the bl ood substitutes. But the -- there is a possibility
of how robust it is, | don't know, that the -- there may
be a solution. Thank you.

(Appl ause)
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MR. FRATANTONI: | remnd people that if you
have any questions for these speakers, wite them on
cards, raise your hands, soneone will cone down and get
the card. The final speaker is going to address the topic
of non-clinical studies, the animal nodels why they do
wor k, why they don't work, a question that's very
i mportant one for this conference, is Dr. George Biro, who
is the Eneritus Professor at the University of Otawa,

adj unct professor at the University of Toronto. George?

NON- CLI NI CAL TESTI NG STRENGTHS AND LI M TATI ONS

MR. BIRO Good norning, |adies and gentl enen.
|"mgratified to have received this invitation to talk and
|"mespecially gratified to follow the distinguished
speakers who have set up an excellent groundwork for what
"' mabout to say. What I'mgoing to say has little to do
wi th the nol ecul ar and sub-cellul ar aspects. I'mgoing to
tal k about nostly really ol d-fashioned ani mal physi ol ogy.
And what | would like to say is that |I left -- retired
fromthe University of Otawa fromwhich a recent

editorial on HBOCs has emanated. | left the University of
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Otawa in 1998, | think, worked for Henosol for about 4
years. Consulted Henpbsol for about two nore, and went
into retirenment and been dragged back into the arena.

| set nyself three questions for this talk. |
wanted to think about the conventional -- the really
conventional and ol d-fashioned I CH and G.P conpl i ant
testing for safety into whole animals only. | didn't want
to address issues like in vitro testing or the standard
i ssues, only about the things that apply to safety to
HBCCs.

Secondly, | wanted to | ook at the acadeny
| aboratory experinments using unique resources that are
nostly available only at universities and research
institutes and I'mgoing to use sone exanpl es w t hout
using actual data. And lastly, | wanted to pose the
guestion of why is it that the safety testing on aninmals
has failed to predict convincingly what has been observed
inthe clinical trials. So first of all, whole aninmals
only and these were all healthy, normal animals, single
dose safety.

The | argest problemw th single dose safety

testing in animals using HBOCs is the fact that there is a
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very limted applicability to use nmultiples of the

i ntended clinical dose. The blood volune is Iimted and
there is obviously an issue of interpretation when you're
repl acing or adding a very large fraction of the bl ood
vol une.

There have been two experinents in which
practically all of the blood volune has been repl aced.
One set of experinents by Henbsol replaced 95 percent of
t he bl ood vol une and studied the animals over the
subsequent seven days. All survived in the presence -- in
the virtual absence of red cells. Second experinment was
done by Baxter and they replaced practically all 98 or 99
percent of the red cells and they al so survived. The
standard nodel is to do a standard toxicity panel
bi ochem cal histol ogical testing and | ooking at inmediate
and short termas well as delayed results.

It is possible using these studies to conplete a
limted study of the nmechani smof effects, but by and
| arge these are small animals and the ability to study
mechanisns is quite limted. It is possible to do
pat hol ogy on these, but it is likely that with a single

exposure, a single infusion, there are not likely to be
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very obvi ous pathol ogi cal changes. And there is a
possibility to do |imted pharmacodynam ¢ and
phar macoki neti ¢ studies and these are useful and it is
al so useful if aninmal nodels of rel evant di sease have been
i nvol ved; so far, none have.

Repeat ed dose toxicity is the standard
t oxi col ogy paradigm Again, they use whole aninals and
heal t hy, normal ones, usually litter mates or at | east
animals of simlar age, size, and of the sane species.
would i ke to offer you an exanpl e of one of these, which
was conducted by Henpsol, and this was presented at the
society for toxicology sone years ago as an exanple for
this. Sprague-Dawl eys rat were given daily intravenous
i nfusi ons of Humulin (phonetic) of 10, 20, and 30
milliliters of kilogram So these represent about 5, 10,
and about 20 or 30 percent of the blood volunme on 14
consecutive days.

The infusions were either Humulin 10 percent in
Ringer's lactate or pentastarch 6 percent in physiol ogical
saline. At the tinme this was done, X10 (phonetic) was not
yet on the market. So this was the control, which is

obvi ously not an ideal or appropriate control. But we
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wanted to use the then available clinical colloid.

The standard panel |inked with the hematol ogi cal
clinical resident -- clinical chem stry grows in
m croscopi ¢ exam nation of all organs, veterinary
observations, feed consunption and wei ght gain,
coagul ation, special staining by Prussian blue of all the
organs for ferric iron, special staining of the testes for
sper mat ogenesi s, and quantitative neasurenent of tissue
iron in various target organs.

What | want to enphasize here, is what is the
magni t ude of the exposure and burden in these aninmals? At
30 milliliters per kilogramper -- 30 miIliliters of
Hunul i n per kilogram they are exposed to 3 grams of
henogl obi n, which represents a cumul ati ve exposure of 14
days or 42 grans which is 5-1/2 -- 5-1/4 tinmes the bl ood
volume. The volune is 30 mlliliters and it is 420
mlliliters, 800 tines the blood volune -- sorry -- this
is 5 tines the henogl obin nmass.

Iron was given at 11 mlligrams which is 20
percent of the total body iron and alnost 3 tinmes over the
14 days of the total body iron. dobin was 500 -- 5 tines

total gl obin mass and porphyrin was 22 tines the norna
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daily turnover, so these are nmssive overl oads, none of
t hese animals died, all of themsurvive to the intended
time of sacrifice and they were tested and they were a
vari ety of abnormalities, obviously, clinical chem stry
was abnormal, liver function tests were abnornmal.
Hemat ol ogy was abnormal, but the interpretation
of this changes is difficult because we don't know whet her
the change in liver function, for exanple, is due to the
di sposal of the |arge anount of globin, or the |arge
anount of porphyrin.
The change in feed consunption may be due to the
enor nous i ntravenous protein | oad, which may play havoc
wi th the hypothal ami ¢ signals of satiety and hunger. So
it is possible to achieve in these animals a | arge,
mani fold nultiple of the clinically intended single dose.
In larger animals it is possible to make repeated
observations and establish a time course for recovery.
There is now out in the public domain one set of
experiments in which healthy normal pigs, sheep, as well
as dogs and rats have been exposed to Baxter's henogl obin
and subjected to extensive histopathol ogi cal exam nati on,

whi ch reveal ed wi dely dispersed small diffused
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degenerative changes, which were not associated with
gl obal changes in either global ventricular function or
troponi n rel ease.

The perplexing thing is the apparent species
specificity. Rats and dogs do not appear to exhibit these
| esions, pigs, sheep, and primates do. The nechanismis
not understood, but it is possible or probable that there
is nitric oxide inprovenent. And we do not understand the
significance of species specificity. So overall,
conventional safety testing on large animals -- the
procedures are uniform because there is extensively
tested and produced standard operating procedures, the
popul ation i s honbgeni zed. The rats, and for exanple,
they are often litter mates, sane size, sane age, and the
anal ysis is nostly done by aggregation.

The variability is mnimzed because of the
aggregation and the | arge and nmassi ve overl oad may det ect
common events. The | aboratory and the pathol ogy, given
| ong enough exposure for pathology to develop, nmay help to
understand the significance of the clinical chemstry and
hemat ol ogy changes and may al |l ow t he determ nati on of

reversibility of these changes.
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The Iimtations are that these studies are of
[imted generalizability. You cannot generalize very
easily. They may fail to detect the rare and infrequent
events. Unless diseased ani mal nodels are used, you
cannot identify possible synergistic effect between the
di sease and the exposure to the agent. So what they may
fail and likely do fail is that it fails to identify the
specific nonitoring requirenents for the clinical trials.

Now, mnmy second question was to | ook at the
acadeni ¢ experinments using these unique resources and
expertise in university and research institute |abs. What
| find is this is a wonderland of applied physiol ogy,
sophi sticated, extrenmely well-devel oped net hods are used
in highly conpetent and technically excellent health,
hence, and they generally are ainmed at denonstration of
efficacy. They nmay indicate safety issues, but the major
issue in these experinents is to ook at the efficacy, and
they are conparing with controlled studies.

They use very expensive -- extensive henodynanic
monitoring with additional unique neasurenents such as
oxygen availability in the tissue. Mddels are reproducing

physi cal ly rel evant conditions such as nornovol emc
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henodi | uti on, bl eedi ng shock, and del ayed resuscitation,
ani mal nodel s such as the spontaneous hypertensive rat,

bl ood fl ow neasurenents, both total cardi ac output and
regional distribution of blood flow, mcrocircul atory
observations using very sophisticated nethods and critical
oxygen delivery estimates.

The setup and special skills obviously are not
avai l able in CROs, and therefore these are not G.P
conpliant. Unique neasurenents are avail abl e using
pal | adi um porphyrin, phosphorescence, platinum
m cr oel ectrodes and pol arographi c el ectrodes to neasure
tissue P2 and this distribution within the tissue.

Whol e ani mal henodynani ¢ and oxygen dynam cs can
be done in clinically relevant nodels such as shock and
resuscitation and conbine, for exanple, with observations
in the conjunctiva mcrocirculation. Very sophisticated,
guantitative mcrocircul atory observations are nmade in
whol e ani mal s t hrough wi ndows nostly | ooking at accessi bl e
parts like skin and the skin pouch.

d obal and regional nyocardial function can be
nmeasured and regi on can be conbined with regi onal and

organ bl ood fl ow nmeasurenents in whole animals. And these
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are often conbined with tissue oxygen neasurenents in
accessi ble tissues, such as skeletal nuscle. Organ
function in other tissues, pancreas, kidney, and in fact
ani mal s have been subjected to severe henorrhagi c shock
and resuscitation to see if there is anelioration of post
i schem ¢ mcrocircul atory change.

In hearts, in pigs with previously inposed
critical coronary stenosis, sinmulating coronary artery
di sease has been neasured. Again, global and regional
myocardi al function and bl ood flow distribution to see
what is the effect of an HBOC in the presence of a
critical coronary stenosis. But measurenents of tissue
P2 have been generally indicative of reasonably well
preserved tissue PO2. These have shown that there is
reasonabl e recovery from shock and resuscitati on when an
HBOC was used.

Quantitative observations have shown differences
between the mcrocirculatory paraneters and in the HBOC
resuscitated animals and in controls. Pancreatic organ
function has been seen to recover well to post ischemc
conditions in the presence of HBOC. And critical coronary

stenosis in the presence of HBOC has al |l owed extrene
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henmodi | uti on down to a level of a hematocrit of only two
percent, whereas animal's henodilution wth al bum n woul d
show cardiac failure and die at a hematocrit of about six
or seven percent.

I n standard henpbdynam cs and bl ood fl ow
di stribution nodels, blood flow was neasured in al
organs, and in the nyocardium blood fl ow was reasonably
wel | preserved in HBOC henodil uted ani mal s whereas bl ood
flow has inpaired in starch henodiluted animals. Critica
oxygen delivery after simlar sequential henodilution to
extrenely | ow hematocrits was shown to have the sane
critical oxygen delivery level as animals that had been
diluted with either/or old or fresh red cells.

Sangart and Intaglietta have shown
m crocirculatory observations in animals henodiluted to
extrenely | ow hematocrits and conpared it with the sane
degree of henodilution with decorated al bumn. Again, the
henodi l ution with the HBOC was beneficial. Brain blood
fl ow and oxygenati on was nmeasured in the caudate nucl eus
of rats henodiluted with an HBOC, and the tissue PQ2 in
t he caudate nucl eus was actually increased with maintained

bl ood flow in the presence of an HBCC.
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And eventually the HBOC effect of a
phar macol ogi cal dose of the sanme dose of an HBOC i njected
or infused into spontaneous hypertensive rats and the
control was the Wstar-Kyoto rat, showed that
quantitatively the sanme dose of Hunulin increased the
bl ood pressure bore in a spontaneous hypertensive rat than
in the Wstar-Kyoto rat.

So the strength of these sophisticated
experinments in academ c | abs and research institutes are
that there are direct indications of efficacy in a really
reasonabl e acceptable criteria. Critical oxygen delivery,
critical hematocrit, and there are also indirect
i ndi cation of safety issues, such as organ or tissue
vascul ar mcrocircul atory resistance.

M crocircul atory resistance is greatly
i ncreased. W have an indication of a possibility of a
safety issue. Very powerful tools have been brought to
this investigation. Variables of clinical interest have
been used in nodels of clinical relevance and observations
were made in highly stressed intervals in contrast to the
standard conventional toxicol ogy nodel .

Phar mnacodynam ¢ anal ysis can be conducted and
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the investigation is extended to organs of high
physi ol ogi cal inportance, the heart, the brain, the

ki dney, pancreas, and the liver. The limtations are
actually very specific to the experinental nodel. There
is limted generalizability if the study is conducted in

t hose organs which do not receive a | arge proportion of

t he cardiac output and in which the blood flow
distribution is not coupled to the netabolic need or other
function such as secretory or excretory function.

These studies if they are specific to organs
that do not receive the overwhelmng majority of the
cardi ac output, neglect the affected conprom se nodels in
norbi d conditions, unless they are specifically included
and they really have not been.

And focusing a single organ deflects the whol e
body physi ol ogi cal adjustnents that occur in response to
any stress. | would remnd you of Dr. Bunn's first slide
in which the first box is the cardiac output and right
under the cardiac output is blood flow distribution.
Cardiac output is less inportant than its distribution.

The striking observation about these is that on

bal ance, they offer strong support for beneficial effects
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of the HBOC against the controls used. The benefits are
seen even in nodels simulating clinical conditions, for
exanpl e, henorrhage and resuscitation, or organ ischem a,
or arterial stenosis. In all but two of the studies,
actually three -- in all but two of the studies, the
control is a non-oxygen transporting colloid. Two of the
studi es, used either shed red -- shed blood or old and
stored red cells and nearly all used healthy nornmal
animals. Only one study that | know of used the
spont aneous hypertensive rat.

| was going to say nore, but I'mgoing to cut it
short. There has been a failure of the non-clinical
testing. The failure has been that by and | arge these
testing showed beneficial effect against the control and
failed to predict the adverse clinical outconmes. The
publ i shed academni c experinents have al so shown benefits
have failed to predict the published outcone. Wy?
Because there is a great discrepancy between the non-
clinical testing and the clinical testing, healthy norm
i nbred young ani mal s.

In the clinical studies there is a huge

het erogeneity of such subjects, age, co-norbid conditions,
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procedures, et cetera. By and large, the adverse clinical
out cones have been seen nore frequently in the aged, in
the diabetic, in the atherosclerotic, in the hypertensive,
and these adverse clinical outcones were occurred in this
popul ati on, which represented a |large proportion in these
trials than their preval ence in the normal population. |
t hought that there nay be one probable answer to the
guestion of why the animal testing and the human testing
di ver ged.

Endot hel i al dysfunction not what you thought |
was referring to occurs in diabetes, in atherosclerosis,
in hypertension, ageing, and others. So the endothelium
is an extrenely inportant organ, 20 years ago it first got
recogni zed that the endotheliumis very inportant.
Recently there was a review about the endotheli al
dysfunction in which they quoted, "A 100 years ago
t ext book of the principles and practice of nedicine in
which it was said that the age of your arteries defines
how | ong you will |ive and how well."

The recent review nodified this by saying that
the health of your endothelium defines how | ong you w ||l

live and how well. Endothelial dysfunction, | amgoing to
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ask you to throw away the hardcopy of ny slides. | wll
have a new set tonorrow. Endothelial dysfunction wll
anplify and exacerbate all the effects that these are
supposed to show because they interfere with NO, because
t hey make ot her vasoactive substances nore inportant.

I n conclusion, conventional testing has not been
very useful, unconventional testing has failed to predict
and the ani mal experinents shoul d enphasi ze eval uati on of
the HBOC effect on inportant target organs wth
appropriate attention to physiol ogi cal adjustnents.

Organ blood flowis regulated by an enornously
conplex interplay of nultiple vasodil ator mechani sms.
These regul ate or autoregul ate the supply to neet the
nmet abol i ¢ demand. The hypertensive effects of HBOCs are
al so nultifactorial and they medi ate the vasodil at or
nmechani sms nostly through NO, which are rendered | ess
effective, |l ess bioavailable. And in many highly
preval ent human di seases, endothelial dysfunction, which
is really manifested in a priori inpairment of the NO
response. Endothelial dysfunction and HBOCs toget her

exacer bate and make each other worse. Thank you

(Appl ause)
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QUESTI ONS FOR THE FACULTY MEMBERS

MR. FRATANTONI: | have not received any card --
| amreceiving a card wth question. GCkay, |'ve just got
a single question with ne. Let ne read this one and 1']I
just give it to one speaker to handle and then we'll go to
a break as -- there are nore questions comng. Okay, well
then can | ask the speakers to join me up here on the
panel, we'll just spend a few m nutes with these.

Ckay, I'mgoing to hand these questions out to a
couple of (off mke) and there is a general question here
that we just -- obviously there is one question that asks,
wll there ever be a substitute as good as your own
aut ol ogous whol e blood; that | think is what this nmeaning
is about. So hopefully we have sone approach to that.

Ckay, |'ve got a question for Dr. Bunn. Since
HBOC or tetraner injection does not produce systemc
vasoconstriction in specialized nouse, you know, the
negati ve inbal ance, why is HBOC oxygen delivery
vasoconstriction above the (off mke)?

MR BUNN. | think this is a good point.

83



don't really have anything to add to what the NOS knockout
nmouse i s an argunent | suppose that one could use. |
don't think there is any question that vasoconstriction is
seen with HBOC adm nistration, and so the question is, you
know, how nmuch of a contributor is nitric oxide to this.
And | think that's hopefully something we'll gain further
i nsight during the nmeeting about.

MR, FRATANTONI: For Dr. Schechter, does
argi nine feeding effect nitric oxide bal ance?

MR. SCHECHTER: Thank you. | thought -- that is
ar gi ni ne feedi ng?

SPEAKER:  Yeah.

MR. SCHECHTER: Sorry, it is not clear.
suspect not, there have been a nunber of reports that it
does, there is at | east one conpany that supplies arginine
candy bars in health food stores and they are apparently
wi dely used. The levels of arginine in the blood are much
hi gher than the KM the enzynme woul d i ndicate as necessary
t hrough maxi mal reduction of NO fromthe arginine.

Peopl e have argued may be within the endotheli al
cells or other places the levels are |lower and by raising

the arginine |l evels one can increase the |evels and insert
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specific tissues where NO is synthesized. There have been
a fewreports of benefit from argi nine adm nistration, but
t hey have not been tested in very large scale controlled
studies. | think the verdict is out. I'malittle

dubi ous, but I think we need control trials to establish
whet her or not it does have val ue.

MR. FRATANTONI: The question to him-- towards
the entire panel, | think it's a question that cones up a
lot. Could you explain the difference between
vasoactivity and hypertension? Abdul, you want to try
that first?

MR. ALAYASH. | tried to explain that before and
| was (inaudible) in nmy sinple-mnded biochem cal m nd
vasoactivity refers to constrictions of blood vessels as a
consequence of that is the hypertension, but to those of
us here with a better physiol ogi cal background coul d
actually explain that. Al an, can you explain it? | mean
did 1l get it right or wong?

MR. SCHECHTER. Ckay. Vasoactivity and
hypertension. Well, this is standard physiology. The
bl ood pressure is the result of the interaction between

the cardi ac output and the peripheral resistance. In
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al nrost all studies, the rise in blood pressure is
acconpani ed by the cal cul ated resi stance because that's
t he one nethod you can neasure. You can neasure cardi ac
out put, you can neasure bl ood pressure, and you can
t herefore cal cul ate peripheral resistance which translates
into -- this is one of the things | wanted to say --
translates into a constriction of the arterioles
principally, unless the blood viscosity changes.

Resi stance conprises the constriction of the
bl ood vessel s, hindrance and viscosity of the bl ood.
Ceneral ly, blood viscosity declines not a great deal from
the normal hematocrit of 45. It increases exponentially
when you go up the hematocrit at 45. So vasoconstriction
acconpani es vasoactivity, acconpanies the rise in blood
pressure in using an HBOC, unless the conditions are such
that you really cannot determ ne the peripheral
resi st ance.

Beyond that, all | can say is that there is not
a single factor that determ nes the blood pressure. There
is a host of vasodilators, nitric oxide one, every organ,
especially, the ones in which blood flowis coupled to

net abolic rate sequence a variety of signals and
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nmedi ators, the heart, the brain, adenosine is one of the
i nportant nediators which is a vasodil ator and work
synergistically with nitric oxide. 1In addition, there is
a host of vasoconstrictors. The sinple adrenal system
endot hel in, angiotensin, and there is evidence that HBOCs
af fect every one of those.

MR. FRATANTONI : kay, Dr. Bunn you have a
question. W'Ill nmake this our |ast one.

MR. BUNN. This is fromDr. Sinone, Texas Tech.
Do you think that besides the mass the charge on the
protein is inportant in glonerular filtration? Henoglobin
tetramer can al so cross the glomerular barrier because it
has nore -- these nore el ectropositive charge than
albumn. This is a very good point. |In fact this came up
in sone detail at Sonat ogen, where they engi neered
henmogl obins with different charges with the hypothesis
that the nore electropositive, the henoglobin that -- you
m ght get nore filtration and it was tested by doubl e-
charge nutations to quite rigorously and the result was
that that there was not a significant inpact of henogl obin
charge on this glomerular filtration

MR. FRATANTONI : Thank you. W're going to stop
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there. |I'mnot getting to all the questions, the tine is

not going to allowthat, so I'll apol ogi ze to anyone whose
guestion we did not reach. W're going to -- nowit's --
|"ve got 10:40; we'll reconvene at 5 m nutes before 11:00.

| want to thank all the speakers for getting this off to a
great start.

(Appl ause)

(Recess)

SESSION || -- CLI NI CAL EXPERI ENCE W TH HBOCS

M5. ALVING Could you please take your seats
now so we can begin the next session?

(Pause)

M5. ALVING Ckay. Qur next session is going to
be on "Cinical Experience with Henogl obin Based Oxygen
Carriers.”

| will be the noderator for the panel this
afternoon. |'mDr. Barbara Alving. |'mthe director of
the National Center for Research Resources, which is one
of the 27 institutes and centers of NIH. In interest of

full disclosure, | once worked for the FDA and | am a
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retired Arnmy Col onel, worked at Walter Reed Arny Institute
of Research, and thought about the products or potenti al
products that were needed for trauma and for soldiers, and
| leave it at that. I'mnow a civilian and still very
interested in these products and interested in the
products for both civilians and sol di ers.

And also | think we are very interested as
federal -- a federal agency working closely together
meaning FDA, NIH, in what is the best way to proceed. And
that's going to come out, | think, tonorrow with further
di scussion. This panel and this session is really going
to be about hearing what has been going on in the clinical
trials, what has been the experience, and we're -- |
think, we're very fortunate to have representatives from
several of the conpani es here to speak about clinical
trials.

But first I1'd like to introduce Dr. Toby
Silverman, and she is going to provide some introduction.
She is fromthe Ofice of Blood Research and Revi ews,

CBER, FDA.
Also I'lIl rem nd speakers and all of us that we

are going to speak very clearly and loudly, and if you
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cannot hear, please raise your hand in the back to rem nd
t he speakers.

(Pause)

| NTROCDUCTI ON TO THE | SSUES

M5. SILVERMAN. Al right. Gkay, can everybody
hear me? Fantastic, |I'll hold this one here too.

As Dr. Alving said, I'"'m-- ny name is Toby
Silverman. [|'mthe branch chief in the clinical review
branch in the Ofice of Blood Research and Review i n CBER
FDA.

My group has evaluated all of the henogl obi n-
based oxygen carriers that have cone before FDA over the
years. 1'd like to introduce you to the issues, and |I'd
like to set the tone here by saying that we will be
di scussing settings and indications that either have been
studi ed or have been contenpl at ed.

W'll try to set the stage for defining clinical
benefits, and after that, endpoints. And then very
briefly we'll tal k about sone unresol ved issues. So let's

start with settings and indications.
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First, how and under what conditions wll
henogl obi n- based oxygen carriers be used? These are sone
of the things that people have thought about over the
years. It been proposed for initial resuscitation as a
bridge to transfusion, as a transfusion alternative, as
oxygen therapeutics in various states such as ischenic
state stroke, medical anem a

Sonme have thought about them as adjuncts,
adj unctive therapy, particularly for radiation therapy,
and ot hers yet have thought about them of as treatnent of
pressor - dependant septic shock or SIRS.

There've been a | ot of questions about where and
by whom such products will be used: Battlefield
situations, accident scenes, in transport vehicles, in the
hospital, in the energency room in surgery, whether
el ective or urgent, in the ICU in the oncology ward, in
the cath |l ab on the nedical ward.

And sone have even thought about using these in
physician's office. Qher questions that have been raised
have been who will control the distribution. WII| they be
controlled and distributed fromthe pharmacy, fromthe

bl ood bank, both, neither?
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There had been sone questions about nedi cal
oversight issues, initial and total dose of product,
monitoring of use and utilization review. Certainly there
have been issues of clinical |aboratory neasurenents and
interference with sonme perhaps critical |aboratory
paraneters for patient care, and then questions about
transfusion or infusion reactions.

Studi es that have been conducted in potenti al
i ndi cati ons have included perioperative use, general
surgery, orthopedic surgery, @GJ, GYN cardiac, some with
and sone w t hout acute nornovol em ¢ henodilution, for the
pur pose of evaluating these products with transfusion
avoi dance or reduction in allogeneic transfusion.

Studies in trauma have been conducted and have
been proposed for the pre-hospital setting, for the pre-
hospital setting into the hospital, and in the hospital.
Products have been studi ed or/and being studied for
henmodynam ¢ stabilization, for exanple, pressor-dependant
sepsis and SIRS, in renal failure and in a post-surgical
critically ill patients. And these products have been
studied in ischemc events, ischemc settings including

per cut aneous coronary intervention and stroke.
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So let's start by trying to define a clinical
benefit and the first question I'd like to ask is what's
the target?

Vell, there are sonme potential benefits to these
products to include, in general, universal conpatibility,
i medi ate availability, stability on | ong-term storage
i ncluding at roomtenperature, the fact that these
products are pathogen-inactivated or pathogen-reduced, and
then in general, an avoi dance or reduction of allogeneic
red bl ood cell transfusion.

Potential clinical benefits include oxygen
delivery, resuscitation from henorrhagi c shock, treatnent
of ischem a, radiation sensitization, and again ot her
phar macol ogi ¢ effects, including taking advantage of the
pressor effect of these agents and henodynam c
stabilization.

So let's talk alittle bit about endpoints, how
do you neasure such clinical benefits?

Well, there are -- | work for FDA, so we have to
consi der sone regul atory concepts. W deal with the
concept of substantial evidence of effectiveness as

defined by the Food Drug and Cosnetic Act and here is the
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guot e, "Evi dence consisting of adequate and wel |l -
controll ed investigations by experts, qualified by
scientific training and experience, to evaluate the
ef fectiveness of the drug involved on the basis of which
it could be concluded that the drug will have the effect
it purports to have under the conditions of use
prescri bed, recomrended or suggested in the |abeling.”

The Public Health Service Act Section 351 states
that |icenses for biologics are issued upon show ng t hat
t he product neets standards designed to ensure conti nued
safety, purity, and potency. And the concept of potency
has | ong been interpreted to include evidence of
ef fectiveness. All henogl obi n-based oxygen carriers are
bi ol ogi cal drugs. So they're subject not only to the FD&C
Act, but also to this provision of the PHSM

So let's tal k about sone general endpoint
considerations. First, sanple sizes nust be sufficient to
permt adequate assessnent of risk versus benefit of use.
FDA has said generally separate safety and efficacy data
are necessary for each clinical setting for which an
i ndi cation is sought.

Now what's an indication? And indication is the
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beneficial effect or effects as determined in clinical

i nvestigation or investigations. And the claimshould
i nclude the setting or settings in which the use of the
product is indicated.

CGeneral efficacy considerations include an
increase in survival, prevention or slow ng of disease
progression, in other words a decrease in norbidity, or
sone neasurable synptomatic relief. And the real question
here is how to apply these general considerations to
HBCOCs ?

In order to do that, CBER has just put out one
points to consider in 1990 to which you heard Dr.
Fratantoni elude, and then draft guidance in 1997 on the
ef fi cacy eval uati on of henogl obi n and perfl uorocar bon-
based oxygen carriers, and then in 2004 draft gui dance on
criteria for safety and efficacy eval uati on of oxygen
t herapeutics as red blood cell substitutes.

Ef fi cacy and safety considerations are context-
specific, and we've tal ked about some of the contexts,
el ective surgery and trauma, but the one |I haven't tal ked
about yet is blood not avail able, not appropriate or not

acceptabl e, either due to objections in the use of blood,
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religious or non-religious, or henolytic anem as, bl ood
inconpatibility, and so forth.

There are other indications that |'ve alluded to
ischema, as in coronary ischem a and stroke, radiation
sensitization, and henodynam c stabilization are taking
advant age of the pressor effect of sonme of these products.

So how do we neasure efficacy? Wll, in the
vari ous gui dance docunents, FDA has noted that the
popul ati on should reflect the clinical population likely
to undergo that particular surgery, this is for elective
surgery. And the protocols should specify and confirm
enrol nent of subjects with high transfusion need.

Finally, the henogl obin based oxygen carrier and
the control, which would probably be red blood cells, nust
be adm ni stered for appropriate and evi dence-based
reasons. Endpoi nt considerations include reduction and/or
avoi dance of allogeneic red blood cells, which is a
surrogate for risk reduction, including the risk
associated with all ogeneic red blood cells, which include
non cross-matching conpatibilities, theoretical inmne
suppression, transm ssible infectious di seases, outcones

related to the age of stored blood, and whatever are

96



known.

Red bl ood cell transfusion avoi dance however
does not equate to avoi dance of all allogeneic risk. And
a delay in allogeneic transfusion wthout reduction and
use of allogeneic red blood cells would not be considered
a clinical benefit.

In trauma, sone general considerations include -
- include the followi ng. Evaluation of clinical outcones
is quite difficult, because of the uncontrolled
conditions, variations of the site and extent of injuries,
the duration of hypertension, hypoperfusion and
hypotherm a, and the tinme interval between injury and
access to definitive care.

There are issues related to the difficulties in
classifications of trauma severity and the nethods for
assessing total body oxygen debt to inprove eval uation of
shock severity, and the success of resuscitation are not
currently avail abl e.

FDA has said that nortality is an unanbi guous
endpoint, that's true. And long-term survival, what the
good quality of life is the clinical benefit of interest

to the patient and the patient's famly. But 30-day
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nortality is not a sensitive neasure of the inpact of an
oxygen therapeutic agent used for early resuscitation.

And present information is insufficient to
correlate short-termsurvival with |Iong-termsurvival for
oxygen therapeutics for a nunber of reasons. Again,
i nadequate classifications of trauma severity, the nethods
for assessing total body oxygen debt to better eval uate
shock severity in the success of resuscitation are not
currently available, a kind of a circular problem here.

Let's talk a little bit about blood not
avai | abl e, appropriate or acceptabl e, general
considerations. | think it's -- people would agree that
it's difficult to devise a single clinical trial that
woul d address all of the situations where bl ood m ght not
avai |l abl e, or appropriate or acceptable. There is a
diversity of clinical situations.

For exanpl e, transfusion of avoi dance versus
ot her intended uses, when one tal ks about bl ood
inconmpatibility in henolysis, that's not the sane as
religious objection. The urgency of need is difficult to
define and the nedical versus the surgical situations

woul d need to be defi ned.
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Wth these considerations in m nd, FDA has
suggested that studies in both renote field trauma and
el ective surgery are needed in order to understand
adequately the benefits and risks of oxygen therapeutics
in the broadest spectrum of transfusion situations where
such products m ght be used.

However, even that approach does not address the
benefit to risk ratio of use in certain settings. For
exanple, there is thene here, ischem a, cardiac, CNS, or
ot her radiations sensitization, or henodynam c
stabilization and taking advantage of the pressor effect.

Studies in both renote field trauma and el ective
surgery al so m ght not answer fully the question of
whet her an oxygen therapeutic is as safe as red bl ood
cells in a setting where both are avail able and the
patient is not clinically stable. And the decision
whet her to use an oxygen therapeutic await the brief tine
until allogeneic blood is available mght actually be
quite difficult.

So let's talk a little bit about safety. This
is the topic of nost of the neeting today. dCinica

eval uation of safety, efforts to ensure the quality and
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conpl eteness of the safety database shoul d be conparabl e
to those made to support efficacy. And this can -- maybe
found, this citation nay be found in the guidance for

i ndustry on pre-marketing risk assessnent.

Eval uati on of henogl obi n- based oxygen carriers
in diverse populations with the wide variety of conorbid
conditions -- you heard Dr. Biro has tal ked this norning,
and so the -- this should be fairly self-evident that
studying at a variety of conorbid conditions is inportant.

And t he study plans shoul d be designed to
capture new or novel adverse events, and changes in the
frequency and severity are the mld, noderate, and severe
of adverse events of both the background rate or intensity
of those events. And there should be pre-specified
st oppi ng rul es.

In general, there've been a nunber of toxicities
noted for henogl obi n-based oxygen carriers to include, as
you' ve heard earlier, cardiac toxicity with degenerative
| esion seen in the left ventricular nyocardiumin
suscepti bl e speci es such as swi ne or nonkey.

We don't know what the relevance of this is to

humans. Mocardi al ischem a has been observed clinically.
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Vasoactivity of the product -- many of these products or
nmost of these products are vasoactive, which probably
related, at least in part, to the scavenging of nitric
oxi de by henogl obi n.

Gastrointestinal effects have been noted to
i ncl ude disconfort, nausea, vomting, diarrhea, dysphagi a,
general i zed abdonmi nal pain, and there is experinental
evi dence of enhancenent of bacterial translocation across
gut epithelium

These products have proinflammtory activity
i ncl udi ng procoagul ant activity and DI C, and rel ease of
procoagul ant (i naudi ble) by sinulating | eukocytes
experimentally. Oxidative stress is a consideration as
you heard fromDr. Al ayash's talk. Many of these products
have been associated with el evati ons of pancreatic and
liver enzymes. And there may be an adverse synergy of
free henogl obin with bacterial endotoxin, and finally
neurotoxicity has been raised as a safety concern.

"' m going to show sonme slides here of eight
commercial products. Data are available in the public
domai n for six.

FDA revi ewed these data, which were obtained
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from peer-revi ewed publications, press rel eases, and
testinony presented at the Decenber 2006 Bl ood Products
Advi sory Conmittee neeting. There are a |ot of caveats.
For each product, data are presented aggregated from al
revi ewed studies.

This is not by any stretch of the imgination
net a- anal ysis. Controls varied fromstudy to study, and
sone of the studies |'mgoing to show you were not
controlled. Not all clinical trials conducted with the
revi ewed products have been publi shed.

Results presented here are not synonynmous wth
line listings of the type that would be reported to FDA in
a conprehensive final study report. And this leads to
anot her set of caveats, aggregating information to derive
a conprehensive |ist of adverse events may not give a
conpletely accurate tally of all adverse events that
occurred.

Now t hose of us who did this work made every
effort not to count a subject nore than once for each
category of event which will be represented by a table
row. It is possible though that subjects nay have been

counted nore than once because of the reporting methods

102



used in the publications.

In sone instances, the nunber of subjects was
back cal culated fromreported percentages. 1In these
i nstances, the denom nator was assunmed to be the nunber of
subjects in each cohort -- that assunption may not be
correct. Not all enzyme el evations were captured as
adverse events. And the nunber of subjects with enzyne
el evations into clinically significant ranges was not
captured uniformy or was not reported at all.

In some instances, only neans and standard
devi ations, not the nunber of subjects contributing to the
data set, were captured. Now let's take a | ook at sone of
t hese.

Here are the eight conpanies, Apex -- they are
i n al phabetical order, so nobody is up for particular
description -- Apex, Baxter, Biopure, Enzon, Henosol,

Nort hfield, Sangart and Somat ogen.

Two of the conpanies did not report anything in
the public domain. Those are Apex and Enzon. And |
believe that you'll be hearing fromrepresentatives after
this talk. Large studies -- large nunbers of subjects are

i ncluded in the Baxter, Biopure, Henpsol, and Northfield
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dat abases.

The nunber of deaths -- there is an inbal ance in
t he nunber of deaths, with the exception of Henpbsol, in
for Baxter, Biopure, Northfield, and Sangart, Sangart
reporting two deaths versus zero. Hypertension is a
fairly -- is a common feature anong these products for
t hose that have reported it, and there is an inbal ance for
Baxter, Biopure, Henosol, Sangart, and Somat ogen.

O inmportance cardi ac events, yesterday there
was publication to discuss nyocardial infarction. There
is an inbalance for Baxter, Biopure, Henosol, Northfield,
and Sangart. And then there is a -- there are inbal ances
in ternms of cardiac arrhythm as for the sanme conpani es.

So you see that there are sone cardi ac events of
i nportance and there is an inbal ance in deaths. Now we
al so took a | ook at pancreas and liver. And as | remnd -
- 1'dlike to remnd you that not all of the nunbers were
captured here, Baxter reported a nunmber of cases of frank
pancreatitis including henorrhagic pancreatitis.

There is a small inbal ance for Biopure and only
one case of pancreatitis was reported in literature for

Henosol. There are excursions in |lipase and anyl ase for
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t hese conpanies, and in sone cases these were reported as
pancreati c enzyne el evati ons.

And then a nunber of these conpani es have showed
changes in the AST or ALT or other liver function tests as
you see here. This captures all of the other adverse
events to include CNS, respiratory, renal, 4,
coagul ation, and sepsis and septic shock. Wat | would
like to point out to you is that there is an inbalance in
terms of CVA for this conpany, and a smal |l er nunber
reported in the literature for Henosol.

There are inbal ances for pneunonia, for
respiratory failure, hypoxia and cyanosis, a |large
i mbal ance for gastrointestinal events. This category of
coagul ation defect includes the citation of
t hronbocyt openi a, but al so the general category of
coagul ation defect.

And there is an inbal ance again for those that
have reported these events. [|1'd like to bring to your
attention, this |ast one, sepsis, septic shock, multiple
organ failure, to show you that there are sone inbal ances
inthe literature in ternms of this endpoint including

Nort hfield over here, and | ' msure that Dr. Gould will be
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di scussing this later.

So this is a nore conprehensive view of the
overal |l safety database for -- that's in the literature.
There are sone unresolved issues that 1'd like to bring to
people's attention. W' ve already eluded to them the
role of public versus proprietary research. There is an
urgent need here for better scientific understandi ng of
the chem stry, the redox biology and the pat hophysi ol ogy
of acellul ar henogl obins as you heard in the first session
t oday.

O particular inportance is defining a clinical
benefit, and once defining a clinical benefit assessing
clinically nmeaningful, readily neasurable efficacy
endpoints. And | think that there is a critical need for
devel opi ng predictive surrogate markers of efficacy; we
don't have any right now. There is also a critical need
to understand clinical safety in ternms of dosing and
maxi mum t ol er at ed dose.

W need to define an acceptabl e benefit to risk
profile for each clinical indication based on all of the
above, both in studies where subjects are able to provide

i nformed consent, and nost particularly in studies where
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i nformed consent cannot be obt ai ned.

And finally, I think that there is a critica
need for defining a logical, clinical devel opnent program
for these products. And with that, 1'd like to turn it
over to Dr. Alving.

(Appl ause)

MS5. ALVING  Thank you, Toby.

Qur next speaker is going to be Dr. Sara
Gol dki nd.  And she is the senior bioethicist at the FDA
and in the GCP programin the Ofice of the comm ssioner.

(Pause)

Rl SK- BENEFI T CONSI DERATI ONS | N CLI NI CAL TRIALS I N THE

CONTEXT OF 21 CFR 50.24 AND CFR 312

M5. GOLDKI ND: Ckay. Good norning.

|'"d like to continue to build upon sone of the
points that Dr. Silverman began to address in her
presentation and what | am specifically going to focus on
are risk benefit considerations in trials.

And | was asked to focus ny remarks on how do we

understand ri sk benefit considerations related to our
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regul atory dictates 312 and 50.24 which Toby j ust
introduced, and I will go through those further.

But what | would like to do is to bring to your
consci ousness that while we'll be discussing risk benefit
considerations within the context of our regul ations,
really what we're tal king about are ethical concerns.

W' re tal ki ng about ethical considerations for the
protection of human subjects, who'll be in these trials
and that's really what's captured in the regul ati ons.

And I'"mgoing to present a framework, one of
many good franmeworks for the discussion of ethical
research and the analysis of whether or not research is
et hi cal

This framework was established by doctors
Emanuel , Wendl er and Grady. And you have an article in
your packets which discusses this in nore detail. And Dr.
Emanuel will be here tonorrow and will be discussing
henogl obi n oxygen carriers nore specifically within the
context of some of these specific attributes.

|"mgoing to | ook at these attributes nore
generally so that | can give you a franework in which to

t hi nk about risk benefit across our regulatory spectrum
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And I'mnot going to discuss all of these attributes.
|"ve highlighted favorable risk benefit ratio, because
that's what |'mgoing to focus on.

But | am going to touch upon what we've
descri bed as an unnet need, which is |isted as nunber one,
social value is the way Doctors Emanuel, Wendler and G ady
referred to it. But it's really the scientific and
medi cal unnmet need.

And I'mal so going to discuss the interplay
bet ween unnmet need, scientific validity, and the favor of
how we understand risk benefit ratio, and how we see the
ri sks, and what we think are reasonable risks in relation
to the benefits within -- touching upon those two first
attri butes.

Now, Doctors Emanuel, Grady and Wendl er added an
additional attribute, which they called coll aborative
partnership, which they described in a different article,
and that is not listed here. However, it is pertinent
when we | ook at research that involves the exception from
i nfornmed consent.

And I'Il touch upon that very briefly later. So

what are sone inportant caveats to ny talk and inportant
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nessages? One is that before we start to even think about
risk benefit ratio, we have to first satisfy conditions of
soci al value and scientific validity.

In other words, we have to convince ourselves if
there is a conpelling unnet need, and that the protocols
that we are designing have intrinsic scientific validity,
and can answer the questions that they are posing. And
prior to even thinking about what are the risk benefit
rati os, we have to be very clear on those first two
poi nt s.

What are the associated risks nay be
significantly affected by the chosen study popul ati on, and
you'll see this, | think, play out as | go through the
talk. And can the risks be mnimzed by studying a | ess
si ck popul ati on?

So can you study a consenting popul ation that's
sustained trauma i nstead of studying a group of trauma
patients who are not conscious? WII| that have an effect
on the scientific validity of the study, and will it have
an effect on the generalizability of the results?

And of course as Toby nentioned, sone of this

relates to what is the indication for which the products
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been studied, what's the intended use popul ati ons once
it's out on the market?

This is just a schematic of what've | said, and
we have begun tal ki ng about what kinds of information we
can bring to the table to assess risks and benefits, and
we ook to very -- to different disparate bodies of
information to informus about the risks and benefits for
t hose popul ations that we will have under study.

We | ook at preclinical aninmal nodels and whet her
or not, as we've heard discussed earlier by Dr. Biro, as
those are translatable or not, we | ook at healthy human
adults. If possible, we |ook at adults or children with a
di fferent disease or |ess severe presentation of the
di sease under study, if possible.

And this is of course true for nost clinical
research that we bring to bear a wide array of information
to help us assess the risks and benefits. W may or nmay
not be able to use sone of this information to translate,
under these circunstances we've already tal ked about, sone
limtations of the aninmal nodels, sone potenti al
conplications with generalizability of information if you

use a less sick population rather than the popul ation
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who' d be the intended use popul ati on.

So now | ooki ng at the regul ations, what do they
have to say about risks and benefits? Part 312 is our
i nvestigational new drug application regulations. And it
has a variety of conponents to it; I'mgoing to only
di scuss a few aspects that relate to risks and benefits.

And -- its many requirenments protect the safety
and wel fare of human subjects and they include that the
scientific quality of the investigation and whether it can
yi el d data capable of neeting statutory standards from
mar keti ng approval is essential.

Tal ks about the essential conponents of the
scientific design, the protocol in relation to its stated
obj ectives, which | nentioned earlier, sponsor and
i nvestigator responsibilities, safety reports and it
requires conpliance with parts 50 and 56, which are
i nformed consent regulations in our | RB regulations, which
"1l mention just in passing as we go. But | wanted you
to see how the regulations interdigitate with each ot her
for the protection of human subjects.

And 312.23, nore specifically | ooking at the

content and format of an investigation of new drug,
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requires a brief sumary of previous human experience with
the drug. |If the drug has been withdrawn from an

i nvestigation or marketing in any country for any reason
related to safety or effectiveness, and any risks of
particul ar severity or seriousness anticipated on the
basis of the toxicological data in animals or prior
studies in humans with the drug or related drugs which
essentially reiterates the schematic that | showed
earlier.

And another way to sort of get at what the
regul ati on say about risks and benefits is to | ook at what
are sone of the reasons, and this is not an exhaustive
list by far, for putting a study on clinical hold
essentially stopping the study. And one reason would be
because human subjects are or would be exposed to an
unr easonabl e and significant risk of illness or injury.

And the plan or protocol for the investigation
is clearly deficient in designed to neet its stated
objectives. And part of what | think we're tasked with is
to work out nore clearly what we think are unreasonable
and significant risks of HBOC products and when are they

of fset by conpelling benefits.
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So our regulations require informed consent in
all but two situations, and I'l|l be discussing one today.
And that is when you accept infornmed consent for the
pur poses of energency research, the so-called 50.24
regul ati on.

And protocol s involving the exception from
i nformed consent have to be perfornmed under both the
regul ati ons 50.24, which are -- which is a conpl ex set of
requi renents, and also they have to conply with the
regul ations for either an investigational new drug or an
i nvestigational device, and |I'mnot going to tal k about
| DEs today since HBOCs fall under an I ND application.

And the -- when a protocol is submtted, that
harkens to a 50.24; it has to be | abeled and identified as
a protocol that includes subjects who are unable to
consent. And such protocols have to satisfy the
requi renents of both 50.24 and the applicable IND or |DE
regul ations in order for FDA to grant that the exception
frominforned consent study can go forward.

And this is actually been the reason why the
vast majority of protocols that have been submitted with

t he exception frominfornmed consent have not gone forward.
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W' ve had over 60 applications since 1996, and only about
a third of them have proceeded forward and that is because
they either have failed to neet the requirenents of 50. 24,
the requirenments of the investigational of new drug
appl i cation.

And in addition, the reviewing IRB has to
satisfy criteria for approval for research under the |IRB
regul ations part 56. So there are three sets of
regul ations that would be applicable to studies done with
t he exception frominfornmed consent.

Now what are some of the criteria that the IRB
woul d have to satisfy if it |ooks at a study? 1|'ve only
listed a few, the few that are pertinent to these remarks,
and that is the IRB has to determne that the risks to the
subj ects are mnimzed and they really do | ook at the
study design to assess that.

The risks to the subjects are reasonable in
relation to anticipated benefits, and when the | RB nakes
t hat assessnment, it considers only those risks and
benefits that may result fromthe research as
di stingui shed fromrisks and benefits of therapies that

subj ects woul d receive even if not participating in the
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resear ch.

In other words, it's |looking at the research
interventions specifically. And it |ooks at whether the
sel ection of subjects is equitable anong many ot her
criteria. Now, as | nentioned earlier, 50.24, the
exception frominformed consent regulation is a conpl ex
regulation, it has conponent in its -- conmponents in it
t hat honor what | would call the principle of beneficence
which is doing for the subjects who are enroll ed.

And conponents in it which focus on, what |
woul d call the principle of autonomny, which is honoring
the self-determ nation of the subjects enrolled which may
seem | i ke an oxynoron because the subjects are
unconsci ous.

But it really enphasizes trying to obtain
infornmed consent if at all possible, trying to obtain
i nformed consent fromlegally authorized representatives
in doing a series of public disclosure and community
consultation activities prior to the onset of the trial.

And those -- the community consultation
activities, | wuld say, is where this collaborative

partnership that doctors Emanuel, G ady and Wendl er talk
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about. In other words, there's a partnership between the
researchers and the community. And how does the conmunity
understand the risks and benefits, what are they told to
consi der as part of understanding the protocol is
significant in this situation.

So | ooking specifically though at issues rel ated
to benefits, 50.24 requires that the subjects be in a
l[ife-threatening situation that available treatnents are
unproven or unsatisfactory.

So these are very dire circunstances -- and that
t he evidence supports the prospect of direct benefit to
the subjects. So these subjects are already based upon
the fact that they are in a life-threatening situation and
avai l abl e treatnents are unproven or unsatisfactory, are
in very, very extreme conditions.

But yet because we accept inforned consent, we
ratchet up the requirenent for proof of benefit. |In other
wor ds, the prospect of direct benefit has to be supported
prior to being able to allow these trials to go forward,
and we' Il tal k now about what that neans.

And then, it's worth noting that while FDA

recommends data nonitoring conmttees in a series of
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di fferent circunmstances, this regulation actually requires
t he establishnment of the DMC by the sponsor, and this is
one nore area where you can see that there is yet
addi ti onal oversight to the evaluation of risks and
benefits that of course occurs once the trial is in
progress. But it occurs in an ongoing fashion.

So the prospect of direct benefit is supported
by conceptual proof of concept in vitro assays, pre-
clinical evidence, animal studies, clinical studies done
in other settings or with other popul ations, other
countries, and while this -- as | had nentioned before
with nmy schematic is certainly applicable to all clinica
research, this has to be very clearly articulated in these
subm ssi ons.

And the risk benefit assessment for 50.24
requires that the risks are reasonable in relation to the
benefits, and are evaluated in association wth the
nmedi cal condition, standard therapy if there is any, and
t he proposed intervention or activity.

And this needless to say, is a conplex
assessnment that requires the experienced judgnent in

conjunction with rigorous scientific evidence.
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Now just to be conplete, there is one additional
subpart to the IND regul ations, which is not a frequently
used subpart, but it also talks a bit and gives us a sense
of what has come to fore, in terns of risks and benefits.
So | wanted to include it here.

And this subpart relates to drugs that are
intended to treat |ife-threatening and severely
debilitating illnesses and it's a -- an interesting
interplay, if you will, between the recognition that there
is unnet need, which is certainly how 50.24 was
establ i shed, after great public discussion about the unnet
and scientifically unproven therapies that have been used
in the emergency setting.

And here, this particular subpart was
establ i shed because there is a recognition that in certain
ci rcunstances, certain linmted circunstances, there m ght
be the expedition of the devel opnent, eval uation, and
mar keti ng of new therapies intended to treat persons wth
life-threatening and severely debilitating illnesses,
especially where no satisfactory alternative therapy
exi st s.

Now this is for subjects who can provide
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informed consent. But it's still placed to the issue of
what is the unnmet need, scientific validity, and the risk
benefit evaluation. So the FDAis willing to exercise the
broadest flexibility in applying the statutory standards
whi l e preserving appropri ate guarantees for safety and
ef fectiveness and al so for human subject’'s protections.
And so it is -- in this subpart there is a
definition of life-threatening and i s severely
debilitating. And its circunmstances, in which the
i kelihood of death is high, unless the course of the
di sease is interrupted, and the disease or condition is
potentially fatal where the endpoints of the clinical
analysis is survival. And severely debilitating would
mean that the disease or condition causes ngjor
irreversible norbidity.
So these are life-threatening and severely
debilitating. And the procedures reflect the recognition
t hat physicians and patients are generally willing to

accept greater risks or side effects from products that

treat life-threatening and severely debilitating illnesses
when they know -- then they would normally accept from
products that treat |ess serious illnesses and this cones
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out of the regulation specifically.

It al so recogni zes that the benefits of the drug
need to be evaluated in light of the severity of the
di sease being treated. And what this regul ation does is
it allows early consultation with FDA and revi ew ng
officials and to reach -- to review and reach an agreenent
on the design of necessary preclinical and clinical
st udi es.

So there is intense consultation early on with
the FDA review divisions and there is a neeting at the end
of Phase | to review and reach agreenent on the design of
Phase 11, controlled clinical trials with the goal of that
such testing will be adequate to provide sufficient safety
and efficacy data to support a decision on its
approvability for marketing.

So you're trying to expedite the course of the
study, but again, wthout conprom sing safety and
ef fectiveness data and wi t hout conprom sing human
subj ects' protections, given the extrene unnet need.

And FDA wi Il consider whether the benefits of
t he drug outwei gh the known and potential risks of the

drug and the need to answer remaini ng questions about
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risks of the drug taking into consideration the severity
of the disease and the absence of satisfactory alternative
t her apy.

So in essence, what | try to do in these remarks
is to, nunber one, show that ethics undergirds our
regul ati ons and an under standi ng of risk-benefit
assessment is a conponent of our regulations and that an
et hi cal understanding of a protocol interdigitates with
both the scientific know edge that's available as well as
unnet need.

Thank you.

(Appl ause)

PRESENTATI ONS FROM | NDUSTRY: PROPOSED CLI NI CAL | NDI CATI ONS

FOR HBOCS AND CLI NI CAL TRI AL EXPERI ENCE TO DATE

MS. ALVING Thank you very much for a very
cl ear overview. W' re now going to begin presentations
fromindustry and di scuss the proposed clinical
i ndi cations for henogl obi n-based oxygen carriers and
clinical trial experience to date.

W will have two presentations, | think, and
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then break for lunch, and | would Iike to ask each of you
to wite any questions that you have on cards. W wll
collect that set of cards before lunch, and then for the
ot her set of speakers we'll collect nore during the
afternoon and before the break, and then all of us wll
have a panel discussion and that way you can sort of
remenber what's goi ng on.

So please feel free to wite your questions and

then just before we break for lunch we'll find out those
i ndi viduals who will collect the cards and keep them
So Dr. Keipert wll you please -- you're the

first one up to the plate here, Dr. Keipert. Dr. Keipert
is going to be representing Sangart and he will discuss
t he devel opnent of henobspan, and Dr. Keipert also is --
had a forner history in the mlitary. | think he worked
with Dr. Bob Wnslow at Letterman, then you cane to
Al liance and he is now the vice-president of clinical and
regul atory affairs at Sangart.

Thank you.

MR. KEI PERT: Thank you.

DEVELOPMENT OF HEMOSPAN
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MR. KEI PERT: Well, obviously you were all
expecting Dr. Wnslow to be here and unfortunately he had
an urgent nedical, personal issue that he had to take care
of which prevented himfromcomng. So, he entrusted his
slides tone and | will try to do ny best to convey the
nessage that he woul d have wanted to get across at this
meet i ng.

So there are three main points | think that we
want to get across this norning. The first one is a very
fundanmental one and that's that all HBOCs are not the
same. There are very unique properties to sone of these
solutions and it is inportant to keep this in mnd when we
| ook at eval uating, you know, results across multiple
st udi es.

Second of all, over the years, starting off with
a lot of search at UCSD and academ a and previous to that
research in the mlitary, there has been a history of
usi ng the know edge that has been acquired so far to
rational ly devel op the physical and chem cal properties of
henmospan, to try to address sone of the issues and

limtations that have plagued sonme of the early first-
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generati on henogl obi n products.

And then | think the third nessage that is
really inportant that Sangart has been stressing is that
denonstrating safety both pre-clinically and nore
inportantly in the clinic is of utnost inportance and
that's the first priority and that efficacy then and the
ot her broader clinical indications are secondary to that.

So, let's talk a little bit about HBOCs and how
they are different, of course you're all famliar with the
very early work, the first-generation products were sinply
cell -free henogl obin solutions starting from henol ysate
whi ch were then purified to renove the stromal i pids.

Second- generati on products, then were addressing
the issue of excretion, rapid renal excretion of these
unnodi fi ed henogl obi ns, so chem cal nodification was used
to prevent dinerization of the henoglobin tetramer in an
alternative approach to prolong circulating tinme was to
pol ynmeri ze these henogl obins into macronol ecul es using a
variety of different crosslinking agents.

Roughly, grouped here under a third-generation
headi ng woul d be the nore honobgenous products that have

been devel oped commercially by conpanies in recent years.
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These have been purified and produced in general under G.P
conditions and the design was really to | ook at why were
sonme of these early solutions vasoactive and one of the
products, which has a ot of history of course is the

al pha al pha- henogl obi n here that was devel oped by the Arny
and then al so subsequently devel oped by Baxter.

Then finally, | think the work at Sangart has
sort of evolved into what we're now | oosely calling a
fourth-generation product based on all of the know edge
about vasoconstriction that has been devel oped. | think
Sangart and Dr. Wnslow, and it was nentioned already this
nmorning in the introductory tal ks, have cone up with sort
of a new theory of oxygen transport and how this nmay
i npact vasoactivity, and then design the nol ecul e know ng
what we now know about physiol ogy of oxygen transport and
vasoactivity.

So just a brief refresher course in terns of
physi ol ogy, |I'"mgoing to present sone data here conparing
al pha al pha- henogl obin -- this an al pha al pha- henogl obi n
prepared by Sangart using their G.P/ GW manufacturing
facility -- conpared to henospan in the rat nodel. But it

is inmportant just to renenber the basic physiol ogy here
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for vascul ar resistance, which is pressure divided by
flow.

And as a general statenent, these terns are
often intermttently tossed around and | think it's
inportant to point out that if there is vasoconstriction,
the vessels constrict in dianeter, typically you will see
an increase in nmean arterial pressure. However, there are
ot her ways that pressure can increase, for exanple, if
there is enhanced fluid, if there is fluid | oading, which
doesn't necessarily inply that the vessel dianeter has
changed.

So et nme just show you the experinents that
were done. This is the standard rat henodil ution nodel
| ooki ng at baseline conditions. This is nean arterial
pressure. Here we do a 50 percent exchange transfusion
wi t h henospan conpared to al pha al pha- henogl obi n and you
can see here the typical rise in blood pressure.

You will note there is a slight increase in
pressure that we see with henodilution with henpspan.
However, when we then go further and | ook at cardi ac
output -- this was an inportant paraneter that was al so

nmentioned this norning -- we can see that in the case of
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t he henospan animals there is actually an increase in
cardi ac out put.

We have never seen a decrease in cardiac out put
contrary to what was nentioned in the FDA article for this
wor kshop, but wi th al pha al pha- henogl obin here you do see
a decrease in cardi ac output.

And t hen when you cal cul ate system ¢ vascul ar
resi stance, then you see the biggest differential where
wi th henospan you see a very slight decrease, but nore
inmportantly you see the traditional significant increase
in system c vascul ar resistance.

Now, is henogl obin concentration itself an
i ndi cator of oxygen delivery? So here, you have a
st andard oxygen delivery plot here, there is henogl obin
concentration. So if you start off at a normal systemc
henmogl obi n of about 14 or 15, here is your normal delivery
of oxygen when you have a normal resting animal with the
nor mal cardi ac out put.

| f you now do a progressive henodilution down to
very |l ow | evel s, you renove about 50 percent of the red-
cell nmass and if you do this with a variety of colloids

t hese are non-oxygen carrying colloids -- voluven is a
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het astarch, 5 percent al bumn or pentastarch -- you can
see this grouping of data here showi ng the reduction in
D2 as you woul d expect because of the reduction in
henogl obi n concentration. And you can draw sort of a
general fit through those points.

| f we now conpare in the same experinmental node
a variety of different henoglobin solutions, here is
first-generation unnodified stroma-free henogl obin, here
i s the al pha al pha-henogl obin, and here is a
gl uder al dehyde pol yneri zed henogl obi n preparation. Again
all of these prepared under the GW conditions at Sangart.

And you can see that even though the henogl obin
concentration has been increased so there is plasna
henmogl obin present in terns of the delivery of oxygen it
falls belowthe line -- and it says if these henogl obi ns
were delivering at much | ower henogl obin [ evels. And when
we then conpare henospan, we find in the sanme nodel that
if falls directly on this curve where the predicted
henogl obi n | evel gives you the predicted | evel of delivery
of oxygen.

Simlarly, in the same type of nodel we have

| ooked at the | actate concentrations, vis-a-vis
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vasoconstriction to see if those correlate. So, on the X-
axi s you have system c vascul ar resi stance and here you
have | actate concentration. Once again the grouping of
colloids used to henodilute the animals -- you can see
here lactate | evels and | ow vascul ar resistance.

As we now | ook at the various henogl obin
solutions, stroma free henogl obin, the al pha al pha and the
pol yneri zed, you can see how you're starting to create
this curve going up here or vascul ar resistance
progressively increases as you do -- as you use these
earlier generation products.

Wen the sane experinment is done with henospan,
once again it behaves much nore like a colloid, it cones
into the line at the predicted place where you would
expect it to and you do not see the increase in |lactate.

So are these deleterious effects of some of the
HBOCs as a result of nitric oxide scavenging? Then there
is going to be a lot of talk at this workshop on nitric
oxi de.

Unfortunately, the literature is not conpletely
consi stent, sone early work or some work in the 1998 was

publ i shed fromthe group with Intaglietta and at Sangart
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| ooked at a variety of different henpgl obin solutions that
have a different nitric oxide binding, and they were able
to show that even though they all bind nitric oxide to
some degree there is not a consistent increase in blood
pressure or hypertension reported.

However, O son's group working with a group at
Somat ogen and this slide was al so presented earlier today;
they were able to show that there is a correlation with
vasoactivity and oxygen affinity and nitric oxi de binding.

So the literature is not entirely clear on this,
unfortunately, neither of these early studies included a
full analysis of the vasoconstriction or the henpdynam cs,
because they did not eval uate cardi ac out put.

So is there an alternative to nitric oxide
scavenging to try to explain vasoconstriction? Well,
goi ng back to sort of basic physiology principles, oxygen
supply needs equal oxygen demand in a bal anced
physi ol ogi cal system and this has been published nmany
years ago by several authors.

It has been known for quite a while that
excessi ve anounts of oxygen can be toxic because of

generation of oxygen radicals or nitric oxide degradation,
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and oxygen oversupply causes protective vasoconstriction.
The phenonenon of cerebral vasoconstriction in response to
hyper oxi a has been wel|l known for many years.

Al so the plasma, as was nentioned earlier today
presents a diffusion barrier for oxygen diffusing fromthe
red cells through the plasma space into the tissues.

Vell this gets dramatically altered. This
entire scenario gets dramatically changed when you put a
cell -free henogl obin as an oxygen carrier into the plasm
space, because you now augrment the oxygen availability in
the plasma through a process that's been described as
facilitated diffusion and this has been worked on
extensively early on by Wttenberg and Schol ander and
ot her aut hors.

So how nmuch pl asna oxygen does the henogl obin
actually carry? |If you conpare the plasma dissol ved
oxygen, of course, under normal air breathing conditions,
solubility of oxygen and plasma is exceedingly |ow. So,
it is typically ignored in nost calculations and only --
peopl e only worry about what the red cell carries.

However, the minute you put cell-free henogl obin

into the plasma conpartnment, here you can see that with
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only a plasma concentration of 1.4 grans per deciliter of
cell -free henogl obin that noves you up the curve and
beconmes equival ent to having that same ani mal or subject
breat hi ng high I evels of inspired oxygen and having an
arterial PaQ2 of about 600 torr.

So this is quite a trenmendous inpact by putting
this cell-free henoglobin in the plasm conpartnent.

So is oxygen itself henodynam cally active?
This is another experinment. These are recent data that
have not been published yet. This is in an awake rat,
these are fully instrunented rats, but they're conscious,
they are restrained, they are allowed to sit and have a
stabl e baseline and then the only thing we do at this
point is we change fromroomair to 100 percent oxygen
into the breathing apparatus that the aninmal is breathing
from

And here you can already see an increase in
system ¢ bl ood pressure, an imediate fall in cardiac
output, and then if we | ook at vascul ar resistance you can
see an increase in vascular resistance. This is sinply
the only perturbation if the animal is switching from

breat hing roomair to breathi ng oxygen
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And if you |l ook at these curves, so the people
who have done work in animals, in rats with henogl obin
solutions, this is very simlar to what has been seen with
many of the early generation HBOC products.

So this lead Dr. Wnslow working with Kim
Vandegriff, Marcos Intaglietta at UCSD over several years
| ooking at all of this data to conme up with this so called
autoregul atory theory to design henogl obi n nol ecul e that
will potentially avoid this problem

One feature of the henbspan is that it is a
| arger nolecule to decrease the diffusion, it provides
nor e physiol ogical viscosity, and Dr. Intaglietta's |lab
has shown recently how viscosity is beconm ng a nore and
nore inportant feature, but nmaintaining a patent
m crocirculation and by being a |large nol ecule potentially
al so mnimzes any extravasati on.

The henogl obin in contrast in many of the
earlier products also has a high oxygen affinity, has a
| ow P50, which may seema little counterintuitive since
bl ood has a P50 of about 25, 26 torr. But by doing this
we have to renenber this oxygen is being released in the

pl asma conpartnent, the HBOC is in the plasm space.
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So, by having a high oxygen affinity it limts
how much oxygen is going to be released in the |arge
arterials and then hold on to that oxygen until it gets
down into the mcrocirculation, so it can be rel eased at
the capillary level where it is needed. And by having a
hi gher oxidation this also tends to protect the henogl obin
nol ecul e from aut ooxi dati on.

Finally, the preparation the way it is
formul ated has a | ower concentration. It is approxinmately
4 granms per deciliter. This |lower concentration will also
help to reduce toxicity and al so | ower cost.

And finally, henbspan has an el evated oncotic
pressure. Part of this is due to the fact that it has a
pegal ati on shell (phonetic) around it, but that provides
very good plasma expansion and it's actually quite a
pot ent vol une expander.

So, all of these properties have gone into the
rational design of this new nolecule. So now I'Il talk a
l[ittle bit about the devel opment of henbspan. This is a
pictorial representation of what the nol ecul e | ooks |ike.
Here is the henoglobin tetramer with the four hene groups

and then with very specific maleimde |inking chem stry
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there are six or seven of these pol yethylene glycol
chai ns.

These are 5,000 nol ecul ar wei ght PEG nol ecul es
that are very specifically attached to these residues on
the surface. 1In a very recent work from Sweden, using
smal | angel X-ray diffraction or scattering, has shown
this nodel of what the nolecule actually | ooks |Iike where
the henoglobin tetraner is sort of buried in the center
here, and these blue dots represent space-chilling regions
for the PEG You can see that the PEG has wapped itself
around the henoglobin wth some clustering at each end and
then these white dots represent the water nolecule that is
held in that PEG chain. So it's encapsulated in this
shel | of polyethylene glycol with water nol ecul es.

The preparation is exceedingly pure; here is a
si ze exclusion chromatogram Here you can see the
unnodi fi ed henogl obi n and the pure henogl obi n peak and
then after chem cal nodification and the PEGal ati on you
can see here a very honogenous peak separated fromthe
unnodi fi ed henogl obi n.

As | nmentioned it has a very low P50, it's a

high affinity nol ecul e by design. Has a P50 of
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approximately 5 or 6 torr so it's a very left-shifted
curve that of course fully saturates in the lung. Sone
ot her key properties, | nentioned the concentration, its
currently forrmul ated at about 4.3 granms per deciliter.
It's fornmulated in standard Ringer -- in a standard
Ringer's lactate type electrolyte solution. P50 is
approximately 5 to 6 torr and the half life in hunmans now
froma variety of studies is dose dependant and dependi ng
on the dose, ranges from about 20 to 24 hours, in surgical
patients up to approximately 36 hours in vol unteers.

This graph -- this data is a study that was
presented -- that was published two years ago by Any Tsa
inDr. Intaglietta's lab in blood, and it's a very unique
experinment because it enables to neasure -- nake act ual
di rect measurenents of very vascular nitric oxides, so
t hese are actual concentration neasurenents of nitric
oxi de made just around a bl ood vessel where the bl ood
vessel diameter is also being nmeasured. This is in the
m crocircul ati on wi ndow chanber nodel that Dr. Intaglietta
| ab has devel oped.

So here you can see under normal resting

conditions, here is your periovascular nitric oxide and
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then here is your arterial dianeter. |If we give L-NAME --
sorry this is sonmewhat bl ocked here -- this is L-NAME, you
can see that as you woul d expect there is an increase
here, hypertension and vasoactivity occurs.

I f we now | ook at sone henogl obin solutions this
is the typical al pha al pha-henoglobin solution, this is
t he pol yneri zed henogl obin solutions. You can see the
behavior is simlarly that you have an increase in
pressure. This is nmean arterial pressure going to the
right; you see an increase in pressure coincident with a
decrease in the actual diameter of the arterials.

However, when we neasure henpbspan, you can see
that despite the fact that henospan can bind nitric oxide,
and so the binding is shown by the drop fromthe line, it
binds nitric oxide, we do see a slight increase in blood
pressure because of the vol ume expandi ng properties of
this material, but here you can see that in opposition to
t hese henogl obin solutions the bl ood vessels are actually
slightly dil ated.

So we do not see vasoconstriction despite the
fact that because of the oncotic properties we do see an

increase in pressure. So other physiological properties
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and/or in summary these properties show that the high
oxygen affinity reduces rel ease of oxygen in the

resi stance of arteriolar vessels and thereby prevents
vasoconstriction.

The facilitated plasna oxygen diffusion targets
this oxygen delivery to the hypoxic or ischemc tissue
which is really where you want that oxygen to go. Looking
in the mcrocircul ation, we have been able to show that we
preserve functional capillary density. This is the
definition used to define those capillaries that still are
patent and have red cells flowing through them 1In a
vari ety of nodels of extrene henodilution and anem a or
henorrhagi ¢ shock there is no decrease in cardiac out put
seen in these nodels both in anem a and in shock. So then
comng to the final section of the talk, safety is first,
ef ficacy is secondary.

Clinical trial design, trauma is clearly a very
exciting indication that the whole world views these
products to be ideally suited for. Sangart has done a | ot
of work in swi ne nodels of henorrhagi c shock and the data
are very dramatic. W always see inprovenent in acid-base

bal ance and resuscitation in these animals, thereby, our
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chem stry is much inproved. But it is a very

het er ogeneous pati ent popul ati on, Baxter and Northfield
have ventured into this our patient population for
clinical trials and have obviously encountered, you know,
chal l enges in doing that not the | east of which we just
heard about is the problemw th informed consent.

The second big indication that this field has
been tal ki ng about for years is of course the bl ood
substitution idea to random ze patients when they have
reached some kind of a predefined transfusion trigger.
Public health woul d suggest that this m ght be the
greatest use in the future of these products to try to
avoi d transfusion.

Possi bly these products nmay be shown to be safer
and nore acceptable than blood. This of course remains to
be proven in pivotal studies.

The trouble in this indication is there are no
agreed upon or even ethically possible ways to strictly
define transfusion triggers and a | ot of the transfusion
literature is plagued with this problemwhere you try to
define triggers and of course they are never agreed upon.

The clinicians tend to transfuse based on a whol e gestalt
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of what this patient has presenting to them Age,
underlying norbidity, how nmuch bl ood | oss has occurred,
what's the patient's henogl obin, are they a snoker, et
cetera.

So Sangart's approach has been to focus on
al beit perhaps a nore defined and specific indication but
to | ook at a specific physiological paranmeter in a
clinical trial setting where we believe the results wll
be much nore interpretable. Possibly, this will nean that
there would be a nore limted efficacy signal, but | think
with the history in this field, it's nore inportant to
denonstrate a good safety profile and a well -defined
clinical study and not worry about the scope of the
potential clinical indication that you're initially
targeting.

|"mjust going to list the clinical studies that
Sangart has perfornmed. O course the early first and
ninth study was done at the Karolinska in Sweden. This
was followed up by a dose escal ation study, a 1b/2 study
in 20 orthopedic surgery patients was al so done is Sweden
Bot h of these studi es have been conpl eted and both have

been published in the literature.
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The third study, this was the first multi-
center study done in six hospitals in Sweden in
arthropl asty patients, hip and knee arthroplasty and
fracture and a total of 90 patients were random zed.

This colum is listing only the actual henbspan
treated patients. So we haven't listed the controls here
for these studies. This study is also conplete and has
been published. A study in the U S. and radical
prostatectony patients has just recently conpl eted
enrolnent so it's a small Phase Il study and 20 subj ects,
total. W also did a pharnacokinetic study in Sweden to
conpare the pharnmacokinetic profile of two different
vendors of PEG two different forrmulations. This study
recently conpl eted enrol nent.

We're doing a pilot study in Sweden in patients
with chronic critical linb ischem a | ooking at bl ood flow
and tissue P2 in the ischemc foot. This study is
underway and three of eight treated patients have been
conpl eted, and then we cone to our two Phase |1 studies.
These are nulti-center pivotal Phase Il studies being
done in Europe.

One of these studies conpleted enrol nent | ast
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mont h and the second study we anticipate will conplete
enrol ment probably next nmonth. So I'Il tell -- I"Il just
say a few words about the Phase Il study, this was
publ i shed in anesthesiology two years ago in 2006. This
study was initiated in 2005, and was published about a
year later after it was conpl et ed.

So in terns of efficacy, the easiest way to view
this in terns of timng during surgery as to |look at the
fraction of patients that renmai ned nornotensive. The
primary endpoint in this study was to | ook at the
avoi dance of hypotension, to prevent fromoccurring. So
the first dose was adm nistered here just prior to spinal
anest hesi a, patients underwent spinal anesthesia and then
the surgical repair, and then here you can see how in the
control group approximately 80 percent or nore than 80
percent of these patients eventually exhibited at |east
one epi sode of hypotension.

Wen we | ook at the two groups treated with
henmbospan, we had two doses either one unit or two units of
henmbspan. You can see early on right after spinal
anest hesi a, the pharmacol ogi cal effect of the anesthetic

is simlar in all groups, but then remarkably when surgery
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starts and you started to have surgical bleeding, the
henmospan groups then are statistically different fromthe
control group where you have very stabl e henbdynam cs and
you don't see the hypotension that you see in the
controll ed group.

There were three serious adverse events. You
can see here they all happen to occur in the treatnent
groups. One was an 84-year-old nmale; he was undergoing a
second time, a revision arthroplasty. After surgery he
wasn't doing very well and ended up with a nassive
aspiration. Upon autopsy, they discovered that he had a
massi ve incarcerated inguinal hernia, which was probably
the reason for his | ower-quadrant pain when he cane to the
hospital in the first place.

Second patient was an 89-year-old fenmale. She
was hypertensive, had very high bl ood pressures in surgery
and i medi ately post-op-surgery already at baseline;
probably was even above and beyond the limt that had been
set by the protocol, but nevertheless, was allowed in the
study. She cane in for an acute fracture repair.

After surgery, because of the high bl ood

pressure, they had a variety of cardiology consults, and
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one cardi ol ogi st then decided to give her intravenous
clonidine to lower the pressure. It dropped her systolic
pressure from 240 down to 80 and the Holter nonitoring

t hen showed that she infarcted at that point and |later on
had a second infarct, which then led to her death on

post operative day 9.

Finally, the only patient in this study that was
in the primary hip patient population, which is what is
bei ng done in Phase Ill. This patient was actually
conpletely asynptomatic. The event is listed as an M.

It was found only because we were collecting troponin
measurenents on these patients. The |ab data came back
with the troponin being el evated, but the patient had no
synptons. The EKG was conpletely nornal. There were no
CK- MB changes. The patient was then sent for cardiol ogy
consult and, you know, has done very well and eventually
ended up getting treated. But the patient had actually
not di sclosed her cardiac history in order to get into the
trial to get her hip done.

So these were the only three SAEs in these
patient popul ation and they were all deened to be unlikely

related to treatnent.
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Now this is one new slide which is not in your
handout and | have asked the organizers to print out a new
set of handouts which will be avail abl e tonorrow because |
have nmade sone very minor changes to a few slides and
have added this one. And the reason for adding this slide
i s because of the recent ned anal ysis that was just
publ i shed, which unfortunately, incorrectly reported the
results fromthis Phase Il study by focusing only on the
primary hip popul ation, which was 74 of the 90 patients
total in that study.

So I'lIl show you the correct data here. |If we
| ook at all patients in the study, there were two deat hs
as | just showed you on the SAE table. There were 2 out
of 59 deaths in the treatnent group versus 0 out of 31,
both of these patients or one of these patients had an M,
t he other one was massive aspiration due to the
i ncarcerated bowel .

Unfortunately, in the ned analysis this was
listed as 2 out of 46 and O out of 28, because they use
the denomi nator fromthe primary hip sub-population. This
study has al so been published in the literature, so |

t hought | would add this in as well, 30 patients, there
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were no deaths and no Ms in this patient popul ation and |
can share with you although this is not published yet, but
the study -- the data has been collected in the 20
patients done. In the prostatectony trial, there were
al so no events. So if we now add up all of the Phase |
data that we have to date, we end up with 2 out of 89
patients that died versus 0 out of 51 in the controls, and
of course, we have the two Ms again versus zero. So
just wanted to put that up to correct that m stake.

Finally, a few words to tal k about the European
Phase 111 program

Sangart went to Europe and got scientific advice
both at the national |evel from Sweden and in the UK
This is typically considered informal scientific advice
and then we also took it one step further and went to the
scientific advisory working party of the EMEA to get
formal scientific advice on the design and the end points
for these Phase Il trials.

So all of this was discussed with Quintile's,
our CRO and wth the EMEA and overall, this design was
very simlar to what had been done in that multi-center

Phase Il trial in Sweden. The main change is that rather
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t han goi ng against a crystalloid control we now decided to
use the standard colloid which is typically used in Europe
for volune replacenent which is the | ow nol ecul ar-wei ght
het ast arch known as vol uven.

The proposed indication based on this Phase ||
programis to try to get henobspan indicated as oxygen
carrying plasma expander to prevent and treat hypovol em a
in patients undergoing hip arthroplasty with spinal
anest hesia, so very anal ogous to what we did in the Phase
.

The two studies in total will enroll 830
patients. The EMEA recommended that we run two
conplimentary trials because we're asking for prevention
and treatnent, they wanted us to evaluate these separately
intw different trials. So one is a prevention trial
where the first unit of investigational product is given
at induction of spinal anesthesia just like it was done in
t he Phase I1.

The second unit then is given at a | ower bl ood
pressure trigger, but not all the way down to the defined
| evel of hypotension, because we're trying to prevent the

patient fromgetting to that |evel of hypotension.
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Subsequently, after they get two units, the clinicians
introvert the standard of care. They can give
vasopressors, they can give volunme or bl ood dependi ng on
what the patient needs.

The second trial is a treatnment protocol. Here,
we actually wait until the patient achieves the defined
| evel of hypotension. The regulators insisted that if you
want to treat sonmething you have to actually allow the
even to occur first and then you have to treat it to show
that you can reverse the event and then show for how | ong
you can keep it reversed.

So here the first unit is given at the first
trigger. |If the trigger occurs again, the second unit is
gi ven and then subsequently it's standard of care. Both
trials are very conpl enentary because they all have
identical data collection, all safety paraneters, all |ab
data is identical in both. The only difference here are
the actual triggers when the dosing occurs. These are
mul ti-center studies.

We have 39 clinical sites that have contri buted
to these trials. You can see here the six countries. O

these 39 sites, 8 of themare sites that have actually
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been able to contribute to both protocols. These were
sites that reached the maxi mumenrol |l ment allowed within
the given study for a single site and then they were
rolled over to contribute into the other protocol. So we
have 36 uni que hospitals, a total of 39 sites.

We al so have an i ndependent data safety
nmonitoring board for this study. The first neeting was
held in October when they reviewed data fromone-third of
the patients enrolled in both trials. They recomrended
that there were no safety inbal ances and that we shoul d
proceed. The second neeting was held after two-thirds of
the patients were enrolled. This was held in February of
2008.

| would i ke to point out that the DSMB i s
conprised of two senior anesthesiologists and a
cardi ol ogist. The reason we've put a cardi ol ogist on the
board is because of the history in the field and the
concern about cardiac events. These Phase Il trials are
being run with not only 12 EDCG nonitoring, but also 24-
hour Hol ter nonitoring.

So we have a |lot of ECG data and a | ot of Holter

data, so we had a cardi ol ogist on the board as well. The
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609E the | arger treatnment protocol, we just conpleted
enrol ment in March of | ast year and the prevention trial
we expect to conplete enrol ment nost |ikely next nonth.

So with just sonme potential applications here,
of course restitution of tissue profusion shock is one
area that is very exciting based on all the preclinica
wor k.  Mai nt enance of henodynanic stability is the
i ndi cation that Sangart has selected as a nore achi evabl e
goal so that we can denonstrate safety in a nore
controlled patient population as a first indication.
Tenporary oxygen transport when blood is not avail abl e,
unsafe, or not accepted. This of course was the original
hold the Grail that this field was going after, but
because of the safety of blood show ng that your product
is at |least as safe as bl ood has becone a really
significant regulatory hurdle.

And then finally, conpanies are noving into this
arena | ooking at targeting oxygen transport to specific
organs or tissues and of course you have sickle cell,
heart, brain, liver, gut, a variety of indications you can
go after. Potential limtations of henbspan because it

has a | ower henogl obin concentration, this would limt its
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use in extreme cases of anem a, and |ikew se because of
the el evated oncotic pressure, you know, dosing and vol une
adm ni stered has to be done carefully to avoid the
potential for volune overl oad.

So finally in conclusion, | would just like to
restate again that all HBOCs have significant differences.
Oxygen supply to the resistance vessels nmust be controlled
to prevent vasoconstriction.

Interaction with nitric oxide does not
conpl etely explain the physiology and the vasoactivity
al though it certainly a conponent and safe and effective
oxygenation of that risk tissue, we believe, is an
at t ai nabl e goal

Thank you very nuch.

(Appl ause)

M5. ALVING Thank you very nmuch, Dr. Keipert.

Qur next speaker is going to be Dr. Steven Gould
and Dr. Gould has been working in this area as part of
Nort hfi el d Laboratories of which he founded | believe in
1993, and he is currently the chai rman and CEO of
Nort hfi el d.

So we're going to hear today about the clinical
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devel opnent of pol yhene.
Thank you so nuch.

MR. GOULD: Thank you, thank you, Dr. Al ving.

CLI Nl CAL DEVELOPMENT OF POLYHEME

MR. GOULD: Good norning everyone. It's a
pl easure to be here. [I'Il get you out tinme for |unch.
|"msure we'll have a delicious neal upstairs.

My slide they're showi ng here, they are not up
on the screen. Gkay. Here we go. W'Ill have the lights
down please. So | think this session was well set up by
Dr. Silverman and Dr. Goldkind. | particularly enjoyed
Dr. Silverman's comments tal king about sonme of the conpl ex
i ssues related to particular clinical settings, and
design, and execution of trials.

|'"'mgoing to take you through our approach over
the years. Fromthe outset we have focused on a single
clinical setting, seeking the clinical indication and the
treatment of life threatening henoglobin | evels when red
bl ood cell, the standard care unavailable. This

i ndi cati on addresses a critical unmet nedi cal need. Dr .
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Goodman this nmorning really preenpted this slide. 1"l
just run through it again. There are a variety of
settings where blood is needed by the red blood cells and
not available starting certainly in the pre-hospital
setting either at the scene or during transport and then
he covered nost of these. W tal ked about bl ood shortages
either in this country or on a gl obal basis.

| want to set up the scenario -- what we nean by
unavailability that's really shown on the slide. W're
tal ki ng about patient at-risk-of dying due to life-

t hr eat eni ng henogl obin | evel s who need oxygen counter
repl acenent when there is no available alternative.

And t hat does pose some uni que chall enges to the
desi gn, execution, and interpretation of these trials, and
| really want to run through today how we have approached
t hat during our devel opnent.

This is just a one quick slide for those who may
not be famliar with what human pol yneri zed henogl obi n or
pol yherme is, and there are a couple of unique
characteristics for -- excuse ne -- for us one unit of
pol yhenme equal s 50 grans of henoglobin. Again if you're

not famliar with that nunber that's the nmss of
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henmogl obi n function delivered by a unit of donated bl ood
cells.

So as a surgically based team fromthe outset,
we wanted to provide continuity and not cause any
confusion. It consists 500 m of volunme and a 500 gram
per deciliter concentration, P50 is slightly rightward
shifted due to pyridoxal -phosphate. The ot her unique
characteristic is a tetramer, unnodified tetranmer
concentration of 1 percent or |ess.

| think Dr. Alayash, in tal king about the
vari ous approaches to nodification, |I think nmade the point
that everyone in this field a nunber of years ago cane to
t he conclusion that unnodified tetramer is probably not
the way to go. And our product has a short life in excess
of one year. So let ne give an overview of our clinical

experience and then really review nuch of our data with

you.

This slide lists all of our studies today. |
want to nmake a conment here as ways we go through -- nost
of ny slides are simlar. 1've anmended a nunber of them

and updated them since we submtted these about 10 days

ago and the full presentation we posted on our website
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|ater today if the people want everything, then | shal
t oday.

So total of 1,133 patients, 674 of whom have
recei ved polyhenme. 1'mgoing to focus today on the acute
bl ood | oss and trauma studies starting wth these three in
the hospitalized trauma individuals which denonstrate the
ef fi cacy of polyhene and the treatnent of profound bl ood
loss at life threatening henoglobin levels. And we're
served as the basis for our larger random zed contro
trial starting at a pre-hospital setting.

So let me begin with this data, 171 patients
represent all of the patients included in the three
trials. On the prior slide, they were published in a
single report in the Journal of the Anmerican Col |l ege of
Surgeons in 2002. So these were severely injured patients
and i nformed consent was obtained fromthe patient or a
famly nmenber.

They all sustained substantial blood | oss and
arrived at the hospital where they received routine care
ot her when transfusion was indicated. They received
polyhenme in lieu of red cells with rapid infusion above

the 20 units as necessary. The goal was to provide rapid
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massi ve infusion since we felt that's the way that bl ood
was to be used.

Ef fi cacy was assessed based on henogl obi n
concentrations and nortality, with a conparison, using a
retrospective historical conparison to data in literature
in patient wwth acute bl ood | oss who refused transfusion
due to their religious beliefs.

Now, just to walk you through this equation
actual ly expl ains the protocol.

Normal |y, the total henbgl obin concentration in
an individual is only the henogl obin carried by the red
bl ood cell that's all we have. When one adds any plasm
henmogl obin, in this case pol yhene, you have two conponents
and they are added up, so the total is the sum of those.
So the protocol is for patients to bleed red cells and not
receive red cell transfusions.

That is possible because we are infusing an
alternative form of henogl obin namely the polyhene. And
in an effort to maintain an adequate total concentration
of henogl obin, and as we go through the data it is
possible to take a sanple of the patient's blood after

i nfusion, separate the red cells and the plasm, and nake
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very precise neasurenments as to what is being carried in
each conpartnent.

So for those that may not be clinicians, these
are the guidelines and the NIH consensus conference it is
hard to believe that was 20 years ago in 1988, |ot of us
were here then. The key is to keep the total
concentration in the seven to ten the therapeutically
desirabl e range and again for those that may not be
fam liar, henoglobins of 3 grans or |ess are al nost
uniformy fatal.

So let me start with the data. This slide shows
the inmpact of infusing unified unit increnents of pol yhene
on the plasma henogl obin. So we have the henogl obin
concentration on the y-axis, the dose on the x-axis, and
we see that essentially each unit raises the henogl obin
concentration approximtely a gramwhich is the sane
increment that we see when one infuses a unit of red cells
in a stable setting.

The plateau is sonewhere around six. Renenber,
the concentration in the bag is ten, so this relates to
equilibration and fluid shifts.

The next slide is an inportant one show ng the
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rel ati onships of the total and the red cell henogl obin.
Once again we have the henogl obin concentration on the y-
axis and the dosing starting with the pre-infusion |evel
on the x-axis. This green barrier is the seven to ten,
the therapeutically desirable range. The dotted line is
the critical 3 gram per deciliter level that would be
considered life threatening.

At pre-infusion, the nean henoglobin is 9 grans
per deciliter. This is inportant clinically. It nmeans
that the surgeons at the tinme when they made the deci sion
did a very good job. Transfusion or infusion was not
started at the 15, it was not started at 5. The red |line
for the first time, | believe, represents the natural
hi story of untreated blood | oss, and that patients who
bl ed and al so required replacenent of up to 20 units of
bl ood did not receive red cells.

So we see that very quickly the red cel
henmogl obin falls not only bel ow the 7 but sonmewhere beyond
6 units. Fall below the 3 gram per deciliter |evel
clearly unacceptable. In contrast, the total henogl obin
is well maintained within the 7 or 10 therapeutically

desi rabl e range.
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The nean red cell henogl obin out here is 1.7.
The nmean total henobglobinis 7.2. It is this delta that
is the physiological increment provided by the pol yhene.
The next slide | want to show you the data on 40
i ndi vi dual patients you had red cell henogl obin | ess than
3, again we have that -- sorry -- the concentration on the
y-axi s, and each bar here represents an individual
patient. Once again the horizontal line is the 3 gram
level. W' ve arranged in decreasing order the red bl ood
cell henoglobin for all 40 down to the | owest patient at
0. 2.

And the lighter shade of red is the plasm, so
that the height of the colum represents the total
henmogl obin. So in every case the total henogl obin was not
only above 3, above 5, and nost of them above 6 and 7.
Again this is nost striking patient the total henopgl obin
is 0.5.

Based on that one should not see nortality due
t o i nadequat e henogl obin concentration, the data
summari zed here, the nortality based on the | owest red
cell henoglobin for the 171 patients in this study and the

conmparison | mentioned in the 300 historical patients from
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Jeff Carson -- | know Jeff is in the audience.

Jeff took this data from his database and nore
than 2,000 patients with religious objection and it is the
best available data in the literature where the | owest
henmogl obin and the outconme was recorded on the initial
basi s.

So what we see is that nortality increases as
henmogl obin falls in both groups of patients, which is what
one woul d expect fromthe normal physiology. However, the
rate of increase is very different, and in a logistic
regression, analysis which is in the manuscript, we see
that the difference becones statistically significant at a
henmogl obi n of 5. 2.

That nunber is inportant because Richard
Wei skopf who is al so anbng the audi ence that help us data
showi ng that in young heal thy nen undergoing el ective
surgery cardi ovascul ar conpensation is adequate in a
nornovol em ¢ state down to at |east a henoglobin of 5. So
we think this is consistent with what's known about the
physi ol ogy.

The nost striking observations are in the 40

i ndi vi dual s who had red cell henoglobin of 3 granms or |ess
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-- if we look over here we see that virtually all of them
died. There were only seven patients whoever get to 2 and
none are alive if the henoglobin is 1

W see that there are 12 patients, nine of whom
survive, 75 percent survival, and these are |ong-term 30-
day survivals.

So these data allow us to observe that pol yhene
can be infused in bleeding patients in rapid nmassive
i nfusion that the infusion can increase the henogl obin
concentration in the recipient Iike a unit of red cel
transfusion; that during ongoi ng henorrhage, polyhenme can
mai nt ai n an adequat e henogl obi n concentration w thout the
need for red cell transfusion; and the data showed that it
can support survival at life threatening red bl ood cel
henmogl obin | evel s and of fer potential benefit when bl ood
i s unavai l abl e.

So the data forned the basis for our U S nulti-
center trauma trial which has received considerable
attention. | want to take you through all of the data now
for both efficacy and safety for that trial. So this
really was a | andmark study. [It's the first U S. study to

begin treatnment starting in the field with HBOC. This was
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a random zed control prospector trial. Inportantly, this
was open | abel. Open |abel to physician investigators,
virtually all personnel involved, and a | arge nunber if
not the majority of the patients as well.

It was conducted under reg 50.24 that we heard
about earlier. Inportantly, there were four interim
saf ety anal yses conducted with stopping rules by the |IDMC
and the study did go through the conpletion. So the
pur pose of the study was to assess the outcome of patients
treated with pol yhene versus the standard of care. A word
about the |ogistics, the map shows the distribution of the
32 level on trauna centers around the country and while
it's not the |argest study ever done, we feel it was one
of the nost if not the nost conplex with literally a cast
of 1,000 and we appreciate the efforts of all involved to
conpl ete the study.

So eligibility, again, our goal was to enrol
severely injured patients who were bl eeding and i n shock.
It is not as easy to do this in the field as it is sitting
around a conference table, so the inclusion criteria wll
rai se systolic blood pressure of 90 mmof Hg or | ess,

that's the traditional textbook definition of shock. I n
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adult patients, excluding criteria were a neurol ogi cal
score, a GCS of 5 or less and patients that were

consi dered "unsal vageable,” it's a subjective call by the
paranmedics to avoid enrolling patients who woul d represent
futile resuscitation or non-preventabl e deaths.

This is the study design, the tinme points are
shown fromthe point of injury across the bottomso the
paranedi cs arrived at the scene, assess the patient, the
patient nmet the enrolnent criteria, a single sealed
envel ope was opened, the patient was random zed to either
controll ed or polyhene.

Let me wal k you through -- so for polyhene for
the first tinme and HBOC was infused starting at the scene
of injury that continued during transport, which in this
case was relatively short -- I'mgoing to show you the
nunbers, it's a largely urban center -- and conti nued upon
arrival at the hospital up to a dose of 6 units of
pol yheme or an interval of 12 hours follow ng injury.

If the patient had the need for oxygen counter
repl acenent beyond the 6 units they received stored red
cells. After 12 hours, they received stored red cells.

The standard of care -- and this was an inportant
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distinction -- received crystalloid or salt water,
starting at the scene and during transport. And upon
arrival at the hospital if necessary they had i nmediate
access to stored red cells. And after the 12 hours both
groups are getting stored red cells. The interval or
follow up in the study was 30 days.

So, | want to enphasi ze that the conparison here
i s pol yhene versus crystalloid and red cells because of
the circunstances of the trial and because the duration of
follow up there is no way to separate out, and what sone
have considered as a trial of polyhene versus salt water
Really is polyhenme versus standard of care, which includes
red cell transfusion.

Based on that the primary efficacy endpoi nt was
day 30 nortality with the unusual situation of dua
pri mary endpoints not co-prinme; and dual primary endpoints
have superiority and non-inferiority.

Superiority is the usual paraneter in random zed
trials. Non-inferiority occurred again because of the
control, early access to blood and the potential that was
recogni zed at the outset that the observed benefit in this

situation mght not be as great as if patients had been
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enrolled in situations of prolonged unavailability of red
cells and a longer period to definitive care.

You had to bal ance the practical aspects of
conpeting the trial with the reality. So the inplications
of just doing -- now just do a primary endpoint -- that's
shown here.

Under a superiority outcomne, polyhene would be
able to be used in place of red cells. Non-inferiority is
different. Unlike traditional non-inferiority trials
where the test article is being evaluated to be used in
pl ace of the control, in this instance the understanding
was that with a non-inferiority outcone, polyhene would
not be used interchangeably with red cells.

It would be used when red cells were unavail abl e
and the observed data woul d be used to extrapol ate benefit
to setting of true unavailability of red cells in patients
with prolonged delay to availability of red cell therapy.
So let me start to review the data, this shows the
baseline characteristics. This is pretreatnent.

This is at the tine of enrolnent for both
groups. W see they are well matched for age, gender,

nmechani sm of injury penetrating versus blunt, systolic
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bl ood pressure, ISH which is an injury of severity score,
and transport tine.

Again as | nentioned, the transport tinmes were
relatively brief, 26 mnute was the nmedian in both groups.
So the period before the control arm had access to bl ood
was only 26 m nutes.

Now, the bottom of the slide here points out a
potential inbalance in the patients. These are the val ues
for the prothronbin tinme, the partial thronboplastin tine,
and | have highlighted them because there was a
statistically significant difference in the baseline
coagul ation status wi th higher nunbers in the pol yhene
arm

That is inportant because the presence of a
coagul opathy at the tinme that a trauna patient present is
known to signify a poor outcone and increased |ikelihood
of nortality. I'mgoing to report the result in two
anal yses popul ations that were pre-specified in both the
protocol and the statistical analysis plan or SAP

O the 720, there were six patients who received
no treatnent whatsoever so they are excluded. The 714 is

the total nunber of patients that were enrolled, treated
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and they are analyzed as random zed. This is the primary
anal ysi s popul ati on.

The second population I"mgoing to reviewis the
"per protocol." The 590 patients that were appropriately
enrolled and treated according to the protocol followed
all criteria. The difference between these is 124
patients with major protocol violations related to
i nappropriate eligibility enrollnment or treatnent not
according to the protocol. And again that was descri bed
in the statistical analysis plan.

So here are the actual data for the two
popul ations. If | start with the "as random zed," the "as
random zed" did not need the primary endpoint. There were
47 deaths out of 350 versus 35 of 364. This just exceeded
t he boundary for the non-inferiority outcone. If we |ook

at the "per protocol," there were 31 versus 29 deaths and
this fell well within the agreed upon boundary for non-
inferiority. The difference is the patients with the
protocol violations where were we see 16 versus 6 or 10s
or 10 of the total death of 12 deaths occurred in patients

with protocol related violation

|"mgoing to discuss that. | want to rmake a
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comment about per protocol. W believe and | think the
l[iterature supports that for non-inferiority trials the
per protocol population represents the cl earest
opportunity to look for a treatnment effect, because things
are well matched and the patients are treated
appropriately.

In fact the I CH gui dance tal ks about the per
prot ocol popul ation being a preferred anal ysis popul ati on
for non-inferiority trials.

Now al t hough 30-day nortality was the primary
input, I also want to show you the result for day 1
nortality and | understand the comments that Dr. Silvernman
made on her slides, but we think day 1 nortality is an
inportant tinme point to observe, because with an
i ndi cation of unavailability, we think that that's an
i mportant and substantial period to provide support for
patients until they have access to definitive care.

So again if we |look at the random zed -- as
random zed group we see there were 35 versus 27 deat hs.
| f you |l ook at the per protocol, at the end of 24 hours,
these were patients who were treated for up to 12 hours

wi thout receiving red cells there were two fewer deaths in
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t he pol yhene armand the rate was 7 percent or identical.

Once again the major difference was in the
patients with the protocol violation. So what's really
going on we are repeatedly asked what is the story with
the patients with the protocol violations. First, as we
see there are nore patients in the polyhene armthan in
the control armand the percentage is actually 20 percent
versus 15 percent of the enrolled patients. And there are
nore vi ol ations per patient.

In addition, we |ooked in the protocol violation
group at a nunber of indicators of poor outconme and they
are listed here. The patients with the | owest bl ood
pressure in the field, patients with abnornmal neurol ogi cal
function or traumatic brain injury, patients with baseline
coagul opathy, | already told you about that, and patients
both of these represent those with the highest score for
injury severity including patients with chest injury. 1In
every instance, each one of these there are nore pol yhene
patients with these predictors of poor outconme prior to
treat ment.

So we think this is an inportant bit of evidence

t hat hel ps account for the outcone and the contrast
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bet ween the per protocol and the protocol violation
patients.

Let nme turn to safety. And as | nentioned there
is afair bit of newinformation in the slide. Overall,
as we see virtually every patient in the study had an AE
whi ch is what one would expect in the trial of seriously
injured patients. And just over one-third had serious
adverse event. In both instances, the nunbers are
slightly higher in polyhene patients. This is a
traditional way of expressing the nost conmon adverse
events that occurred in greater than 20 percent of the
patients in either one of the groups. And we see the
types of things that occurred.

Now AEs if you're not famliar with the
regul atory reporting it can be anything. So pyrexia, a
fever is an adverse event. Wat's nore nmeaningful is to
| ook at serious adverse events.

And this slide reports the nost common SAEs t hat
occurred in nore than 2 percent of the patients. And I
want to enphasize that categories on the left represent
what we call "pooled preferred ternms.” The reason we did

that if we |l ooked at the individual preferred terns for
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each SAE, the nunbers are nmuch | ower.

So we thought it was nore neani ngful to pool
things into clinically relevant groupings to give you a
representation of what's going on. Again the nunbers are
slightly higher in the polyhene. The largest delta is in
t he coagul opathy, 4 percent versus 1 percent.

But | refer back to the difference at baseline
when these patients were enrolled. | think the point of
interest on the slide for many were the nyocardi al
infarction -- reported as SAEs there were 10 in the
pol yhenme versus 2 in the control

On the next slide, |I've sumarized -- there were
two additional patients that were reported to have had
myocardi al infarctions by the principal investigators.
They were classified as AE, so the total nunber woul d be
11 versus 3, and these are the verbatimterns that were
actually used by the investigators on their case report
form

Now, | also want to show you this information.
We paid careful attention to try and assess cardi ac i ssues
in these patients. These are the nunbers for patients,

who at any tine in the study had an abnorna
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el ectrocardi ogram or an abnormal bi onarker either CK-MB or
troponin I|.

What is striking is that despite the |ow total
incidents of 2 percent of Ms is reported by the
i nvestigators, 14 out of 720, up to 79 percent of the
patients had either an abnormal el ectrocardi ogramor an

abnormal bi omar ker .
So in order to reconcile that, try and reconcile

t hat di screpancy, we assenbled a subcomm ttee of the |IDMC
prior to unblinding of the data to object of the review
the data on all 720 patients on an objective basis and
categori zed every patient in to one of the follow ng four
cat egori es.

And this is new data we have not shown before.
Probable M or plausible M, indetermnate M, or absent
M, the distinction between and probable and plausible is
based on how many of the piece of information coincides.
Probable M would be if there was evidence by EKG and by a
bi omarker with predefined criteria, a plausible M would

be, if there were just one of those.
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So as we look at this data, | think it's useful
information there is a considerable debate in the
literature about how one can or shoul d di agnose myocardi al
ischem a particularly in trauma this maybe the first |arge
obj ective approach in trying to define that.

And what we see is that just over half of the
patients in each arm had sone evidence of nyocardi al
infarction. |If we |ook at indeterm nate there were nore
patients in the control armin whomthat analysis with
i ndeterm nate, neaning there was insufficient evidence to
say they did or did not.

If we | ook at absent M there were nore patients
in the Pol yHeme round in whomthere was definitive
evi dence to say there was no M than the controlled. So
we do think this is very useful to supplenment, it's a
post -doc analysis, but in a very careful objective way, it
suppl enents the Pl assessnents in an unblinded trial.

In addition, this slide | ooks at other pooled
cardi ovascul ar events related to categories of either a

punp failure, Dysrhythma, or cerebral ischema, these
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categories are based on presentation that was made at a
recent BPAC neeting to | ook at these sorts of events.

Lastly, we have other clinically inportant AEs
agai n pool -preferred terns and we sel ected these based on
their discussions, draft 2004 gui dance that was nenti oned
earlier today.

So in summary, let me try and bring all this to
a closure. This clearly was a conpl ex study, and we want
to make sure everybody understands what we stated today.
In the, as random zed group, the result did exceed the
primary end point.

| f we focus and consider the data fromthe
patients in whomthe protocol was foll owed as specified,
nanmely the protocol population, we did neet the prinmary
end point.

Lastly, it was indeed a higher incidence of AEs
in patients receiving PolyHene conpared to the control
group receiving crystalloid and red cells. Al though as I
nmenti oned earlier, the planned indication would be for the
treatnment of patients when red blood cells was not

avai l abl e, not in place of red cells.
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So as a final slide to bring this to closure,
based on the totality of our data, we believe that the
evi dence provides -- denonstrates the potential for
Pol yHeme to provide a survival benefit and life-
t hreat eni ng henogl obin I evels with an acceptable safety
profile, and a favorable benefit-to-risk ratio when an
oxygen carrier is required and red cells are not avail able
with the ability to address a critical unnet medical need.
Thank you.

(Appl ause)

M5. ALVING Thank you very much Dr. Gould
W1l you please raise your hand if you are collecting the
white forms? Those who are collecting them pl ease raise
your hands, please wite your notes. Dr. Gould you have
gi ven us food for thought but not enough so we are going
to have to break for lunch and conme back at about five
until two.

Lunch is upstairs in the cafeteria, there is
also a -- no don't go there; go upstairs if that's the
best place to go.

(Wher eupon, at 12:55 p.m, a |luncheon recess
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was taken.)
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AFTERNOON SESSI ON

(2:00 p.m)

M5. ALVING Good afternoon, we are going to get
started again, and our first speaker for the afternoon is
Dr. Abraham Abuchowski, and he is the president and CEO of
Prol ong Pharmaceuticals. And Prol ong neans "PEGyl at ed

proteins," and he really devel oped PEGyl at ed henopgl obi n
whil e at Enzon, and | believe he is continuing this work
now.

So we are delighted to hear you tal k. Thank

you.

HBOCS: CURRENT STATUS AND FUTURE DI RECTI ONS

MR. ABUCHOWBKI :  Thank you very nuch. Well, |
know everybody is going to be awake because we didn't have
a very heavy lunch so --

(Laughter)

MR, ABUCHOABKI: -- we are going to nove forward

here, for those just |anded on the planet of PEGylation is
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our technol ogy that we use to attach pol yethyl ene glycol to
proteins has a very unusual dynam c properties, and it

i nproves the product fromin vivo as well from a physical -
chem cal characteristics. And it is today the only FDA
approved delivery systemfor protein therapeutics.

Little bit of background this was a technol ogy
that | developed for ny Ph.D. thesis. | have records. And
following that work we worked on a | ot of different
products there and started a conpany called, "Enzon." | was
there from 1983 to 1986, and there we devel oped the first
t hree approved products using the PEGyl ati on technol ogy.
They were Adogen, which was used with respect to -- it was
the first product approved for a genetic deficiency
di sease.

It was used to correct enzyne deficiency of
adenosi ne deam nase in children who have severe conbi ned
i mmune heart deficiency, the bubble boy kids. It
successfully worked. The inportance of this product, who
tries to be the first product approved with this
technology, is its |longest running toxicol ogy experinment

with this particularly technol ogy.
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These chil dren have been getting once a week
doses of this product for 20 years now. And there's been
no toxicology. The other product was Oncospar, which was
used as a treatnent for acute nucoblastic |eukema in
children, especially in children, who had ongoing i munity
response to the protein that was being used. This is now
the main state treatnment for | eukem a

And | astly was a PEG | NTRON, which we |icensed
to Schering Plough, this is a PEGylated interferon, and it
is also currently marketed. So get on to what we did with
PEG henpgl obin, it seened to us that obviously henogl obin
was a | ogical application for PEGyl ati on extend the
circulating life mnimze the toxicities. Do everything
t hat PEGyl ati on does.

W started the work in the early '90s, | think
around 1991, and proceeded to devel op a product and tested
it pretty broadly in a variety of different animal species
to ook at the effect that the product has on various
organ systens, toxicity, and even sone efficacy
experinments. And we devel oped a pretty extensive

t oxi col ogy dose at CA, which we then used to nove forward
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into phase I, and phase I (b) studies. And we |ooked at a
total of about 60 patients and that actually takes us al
the way to about to 1996.

The specifications at the tine for the PEG
henmogl obi n and the P50 range from about 14 to 20 as we
wer e devel opi ng our formul ations, and the concentrations
al so ranged between 4 and 6 percent depending on the
application we were using at the tinme, and it was
basically in a phosphate buffer, buffered saline.

Met henogl obi n was bel ow 10 percent it was stable for
slightly nmore than 6 nonths at mnus 20, and only about 7
days at 4 degrees.

And you know, we have since inproved the
formulation now, in ny second iteration at Prolong. W
now have a refornul ated product that is stable at 37
degrees for a nonth, so, and for a year, at |east a year
now at room tenperature.

So I'l'l go through a series of experinents done
in animals there are actually many nore than | am
presenting, but these are kind of the highlights of the

vari ous experinents that were perfornmed |eading up to the
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phase | study. First was a 30 percent exchange
transfusion in a dog, and here we | ooked at the PK

Circulating half life was about 60 hours for the
product and the dog. And there appeared to be no
significant alterations in the cardi ovascul ar function,
di d not see any henogl obin urea, or any gross
nor phol ogi cal renal danmage, or any changes in the bl ood
chem stry.

And then we | ooked at -- a nore difficult nodel,
whi ch is a dehydrated hypovol em ¢ henorrhagi ¢ shock nodel
where the animals were first dehydrated there were
wi t hhel d fromfood and water for 48 hours and actually
experienced about a 5 percent drop in their blood vol une
during that tinme. And then we henorrhaged them at 25
mlls per kg for an hour

Followi ng that, they were infused with PEG
henogl obi n, and what we found S-GPT and S-GOT. W did see
on |ive histology, sone centrilobular necrosis, but that
seens to be consistent with the type of injury that we
caused and not due to the PEG henoglobin. And the history

of the rest of the organs was nornmal .
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Down the study was the effect on henodil ution
here at Yorkshire pigs, 10 kilo pigs. W did 80 percent
exchange in six pigs, all the animals survived. Their
heart rates were nornmal, their nean arterial pressure did
increase slightly during the infusion, but they returned
to normal with 6 to 8 hours. And there were nornal bl ood
Ph and ot her paraneters of Peo2 E CQ2.

W did see presence of this renal tubular --
tabul ar cells cytoplasm c vacuoles. And vacuol at ed
macr ophages in the spleen, that was thought to be due to
the processing of all the protein that was injected. W -
- 80 percent of their blood volune is not PEG henogl obin
and it's got to go sonewhere.

In the rabbit we | ooked at again effects here,
we dozed that 10 m| ad 20 m| per kg. |In the rabbit half
live is about 43 hours, again no henogl obin urea, no
changes in the daily urine volunmes. They were, they
stayed in the normal range. W saw again these snal
vacuol es in the renal tubular epitheliam

Again the end characteristics of protein

absorption, and there was no significant pathol ogical
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changes in the liver or the spleen. And then we | ooked at
sone ot her species as well. Looking at doses at 10 m |
per kg and 20 m| per kg. W |ooked at the renal plasm
flow and the glomerular filtration rate in dogs.

Tubul ar function studies in rats and gl onerul ar
filtration rate and urine analysis in rabbits. And we saw
no adverse effect on renal function in any of the ani nal
nodel s.

We al so wanted to check whether there was any
effect, interaction with human bl ood conponents as we are
going to giving it to people. W want to nmake sure we
didn't affect any of the testings that were done, so we
did test with various concentrations, it did not induce or
i nhibit any bl ood coagul ati ons, did not activate
| ymphocytes, or nobnocytes, or neutrophils, basophils, or
pl atel ets.

And interestingly it did reduce the effect of
endotoxin activation. This is kind of a bit of a positive
ef fect on nonocytes, and that occurred as a dose dependent

manner .
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In terns of toxicity work, we did acute overl oad
experinments where up to 67 percent of the whol e bl ood
vol une was overloaded. So this was top |oad, so we put
two-thirds again blood volune in to the aninmal. And then
we did nmultiple overload studies where there were infused
with 15 mls per kg, every other day for seven doses
total, and then a series of experinents where we did an
exchange transfusi ons and henorrhagi ¢ shock.

And overall, we did not see any over toxicity or
changes in behavior and appetite or weight gain. There
were some mld changes in blood chem stry, hematol ogy, and
urine analysis. But these were all transient, they
occurred at the beginning of the study, and then stopped,
and agai n vacuolization as observed in various tissues.

And but again likely due to the degradation
process of PEG henogl obin again there is a awful | ot of
protein being adm nistrated to these ani nmals.

So fromthere with that data we did a phase 1
study and normal volunteers is an escal ati ng dose st udy,

in 34 patients that goes from1.6 up to 8.33 mls per kg.
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8.33 mls per kg is approxinmately a 500 m | bag of PEG
henogl obi n.

Now the only side effect that we noticed was
that the high dose, where there were sone gastrointestina
spasm and principally that was esophageal spasm But that
was able to be prevented and managed using a anti spasnodic
agent call ed Levsi nex.

Now, at this tine we were thinking what we were
going to do with this product, and as we wanted to nove
forward in the clinical devel opnent and we did not wish to
use this product as a bl ood substitute because the thought
was, it's going to be very difficult to conpete with whole
bl ood.

So we had to | ook for indications that, but
there was a therapeutic opportunity where whol e bl ood was
not indicated. And at the sane tinme the thought was that
maybe an oxygen carrier was inappropriate in terns of the
return for these products, and | see it is already
changing a little bit because sinply because the protein

was carrying oxygen didn't nean that it delivered oxygen.
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And it could very easily just be acting as a
pl asma expander with no delivery characteristics. And so
| saw -- | was trying to use the term "oxygen
t herapeutic,” which | think is probably nore appropriate
than a oxygen carrier. But we thought of a |ot of
di fferent applications, for an oxygen-carrying agent,
where there woul d be therapy, which would not require a
conpetition with whole blood, just providing |ist here
(i naudi bl e) others have been presented as well | don't
want to go over everything again.

So we decided that maybe two opportunities or
mul ti ple formul ati ons dependi ng on the applications used.
First fornulation is the one | presented all the data on
and that was PEG henogl obin and buffered sailing and
anot her preparation is the sanme PEG henoglobin in the
hypertoni c saline solution.

The first the buffered saline was used for radio
sensitization, this is again the PEG henogl obin that was
used at Enzon and this was all done at Enzon. And in the
ani mal nodels that we tested, we substantially increased

tumor oxygenation in a nunber of animal nodels, tunor
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nodel s, sarcomas and Lewi s Lung Carcinoma, Sarcomm, and
the like here, and we did find that it had an ability to
radi o sensitize tunors.

In all these studies not only were the tunors
hyper oxygenat ed, but we had a much better effect foll ow ng
radi ation therapy in those animals that were treated with
PEG henogl obin. So that was the inpetus to nove forward
to do a phase | B study |ooking at radi osensitization as
t he indication.

So we did an open-I|abel study, and patients with
nmet astatic di sease, 33 patients again ranging from2 m|
to 8 ml per kg, 8 m| being at 500 cc bag. And the nost
common side effects, and this was primarily in the 8 ml
per kg, were some ml|d hypertension, dysphasia again,
nausea and vomting, but nevertheless the results were
positive enough that it was continued -- recommended for
conti nued study

At this point, | actually left Enzon and went on
my way as a consultant, but then in 2005, | opened up
Prol ong Pharnaceuticals to continue this work. This work

was actually dropped by Enzon in 1998, so the product just
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never had a chance to nove forward again and continue to
be tested

So we decided to continue it as Prolong now, and
this time we devel oped a different formul ate version,
which we called "aftershock,” and this specifically
formul ated with hypertonic salts to treat severe
hypovol em ¢ shock. And the idea here is that we don't
fill up the animal, but we use a single unit dose to
resuscitate the animal because it is primarily targeted
for mlitary applications to be used in the field where
you need just finite volune to resuscitate a soldier and
keep them stable until they can get himto appropriate
pl aces.

So the work that we have been doing is at the
Virginia Comonweal th University Reani mati on Engi neering
Shock Center under Kevin Ward, and he had -- has devel oped
a nodel, which neasures a whol e body oxygen debt in the
pi g.

And basically the way the nodel works is the
animals are highly instrunented we actually take readi ngs

of oxygenation of all the organs, blood chem stries,
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pressures, but the main elenents that have enriched it in
i s oxygen debt and nean arterial pressure, so that's the
mai n one | am providing.

But basically the aninmals are led to a oxygen
debt, a uniform oxygen debt of 80 ccs per kg, or 80
mllinmeters per kg -- no 80 cc per kg, | amsorry. And
the intent here is to nmake the all the animals uniform
rat her than bl eeding a fixed anmount of bl ood, because when
you bl eed a fixed amount of bl ood, you don't get the sane
oxygen debt between ani mals.

And to nornalize the animals, we wanted to
actual |y nmeasure the oxygen debt, go to a fixed point and
t hen conpare agai nst various other products. So we
conpar ed agai nst packed red blood cells, hetastarch, and
Oxygl obi n.

And as you can see, once we get to the
resuscitation point, Oxyglobin and hetastarch do virtually
not hing. W do get repaynent of oxygen debt from packed
red cells, we actually get better repaynent of oxygen debt
w th whol e blood, for some reason. And -- but wth PEG

henmogl obi n, we not only see a repaynent of oxygen debt,
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but the henogl obin get straight on oxygenating, | guess
t he oxygenating bunny | guess, | don't know.

They keep straight on oxygenating, and in the
case of the nean arterial pressure, again we see the
pressures drop, and as you can see the pressures drop
pretty quick, but yet there are still henorrhage
t hroughout this point. Pressures don't change nuch, what
we are -- | was kind of getting to is the oxygen debt, but
you can see the packed red cells hetastarch, Oxygl obin and
PEG henogl obin maintains a very nice nean arteria
pressure.

So this turns out to be a very nice nodel where
we are continuing to work the nodel |ooking at different
formul ations, there will be a publication sonmetines soon
from VCU on the nodel, and the application of the product.

Now, it does not -- one of the issues we do get
back mean arterial pressure, but it is not due to ways of
constriction, because when we | ook at the mcro
circul ation under the tongue of these animals, we started
the baseline -- you know very nice circulation at the end

of the henorrhage everything has coll apsed, we start
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putting in PEG henogl obin and starts to recover, and by
the end of the experinment mcrocirculation is identical to
basel i ne.

So we are not causing ways of constriction, or
opening up the circulation and providing the oxygen
appropriately.

| just wanted to touch a little bit about
manuf act uri ng, because we are tal king about an HBOC or an
Oxygen therapeutic really in a scientific sense, and |
think this, at sone point in time we are going to arrive
at a successful product.

And once you do, the real issue is how you are
going to manufacture this product, then either some
sobering nunbers, because the manufacturer of henogl obin
is going to be on a scale that that is going to dwarf
every ot her biotechnol ogy products of nagnitude.

Because a single dose of this product, is 20 to
40 grans is the dose, and if you are looking at a mllion
doses we are tal king about 40 netric tons of henobgl obin as
a starting material for a rational-sized product, and that

means that in order to extract that much henogl obin you

192



have to start with al nost 800,000 actually about closer to
amllionliters of blood a year, and process it to get
t hat anount of henogl obi n.

And then to turn all that henoglobin into a PEG
henogl obin, you still need another 40 netric tons of
activated PEG So the manufacturing exercise is difficult
as the devel opnent exerci se.

So |l et ne conclude with sonme thoughts that --
and it has been a thene comng into this neeting here,
which is that probably will not be a single blood
substitute that's going to work universally for al
appl i cati ons.

| think that each application has its own
dynam cs that has to be dealt with, and they are going to
be specific formul ati ons of product, probably sone
products that haven't even been discussed today, with
uni que properties to deal with the various issues that
occur during achievenment of various diseases. So they are
goi ng have to be formul ated, for these specific

appl i cations.
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And you know, we have to have a cl ear
t herapeutic effect at sonme point in tinme when these
products that says, yes, they are good to use, or no they
are not good to use. So again, neither of shattering
t houghts, but that's a common thenme. And so |let ne thank
you very nmuch for this opportunity.

(Appl ause)

M5. ALVING Thank you so nmuch for your talk.
Pl ease renenber wite questions you have on note cards and
if you could wite the nane of the person whom you woul d
like to address these, that would be excellent and then we
will collect themjust before a break.

Qur next speaker is Dr. CGerson Geenberg, and he
is currently the vice president of Medical Affairs, of
Bi opure. He's had very long and di stingui shed career in
surgery and is currently professor of Surgery Eneritus, at
Brown. And also was very involved with Henpsol, and in

| aunchi ng some of their initial clinical trials.

Bl OPUREHBOC- 201
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MR. GREENBERG  Thank you. Can everyone hear
me? Good afternoon, Dr. Alving, and yes, thank you for
inviting us to participate here, it really is a pleasure
to join this august body and thus be able to discuss sone
of our issues. M colleagues and | really do thank the
FDA and NI H organi zers for providing us the opportunity to
di scuss our experiences with HBOC-201 at this neeting.

Moreover, | would like to recognize the
difficult tasks faced by the FDA daily with respect to
approving trials and marketing of drugs when -- within
defined paraneters of safety and efficacy. The
opportunity to enter into scientific discourse and debate
is welconmed, and in ny allotted tine it is ny intention to
inform enlighten, and chal |l enge sonme cl osely held views.

It's reflected in the agenda, it is been
suggested the HBOCs as a class have in comobn an adverse
safety profile that is presuned to arise froma conmon
mechani sm of toxicity. Any exposure to the current
generations of HBOCs is associated with unreasonabl e and
unavoi dabl e risk. Therefore, devel opnent of HBOCs is the

way forward.
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Havi ng spent over 35 years in the field |I take
unbrage with that particul ar approach. As we have heard,
all HBOCs are not created equal. They differ in many
characteristics on many dinmensions in a particular purity
and purification processes in the manufacture, which we
have just heard a little bit about, the henogl obin
concentration, the critical oxygen carrying capacity,
which is vital to tissue survival and reproducibility of
t he product and manufacture, and various physical chem cal
properties and other traits and paraneters that are noted
her

A particular inportance is that there have been
no head to head trials for conparison, common nechani sns
may not exist. Mreover, the different conpositions
i nvoke a principle of heterogeneity that woul d argue
agai nst any conparisons made from nunpi ng of data.
Honogeneity is necessary for those conparisons.

The current HBOCs do share one common critical
property. A low concentration of henogl obin ranging from

4 to 13 granms per deciliter, and cannot provide the sane
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i ncrease to oxygen-carrying capacity as packed red bl ood
cells inunit to unit conparison

Recal | that oxygen delivery is conplex
physi ol ogy, it is a conplex physiologic function, the
product of cardiac output and oxygen content or henogl obin
concentration is pointed out earlier by Dr. Bunn. 1In ny
viewit is too early to discount the current generation of
HBCCs.

We need to understand the origin of adverse
events, and safety signals that have energed in these
trials, product by product fromthe perspective of
conposition and clinical applications.

Bi opure's safety profile Dr. Silverman's
recently presented tables was to derive from docunentation
provi ded for the Decenber 2006 BPAC neeting which rejected
the United States Navy proposal for the recess trial by a
vote of 11 to 8 practicing conditions voting for it.

But it did conclude that a phase Il trial should
be allowed to go forward. Approval for such a trial has
not yet been forthcom ng. W have reservations about the

construction of these tables, and here expressed concerns
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that over estimates -- that it over-estimtes and
exaggerates the safety signals seen with HBOC 201 use.

We do not deny the emergence of safety signals
inour trials. W do however challenge the theories
underlying their origin. Wth respect to Biopure's data
there are mstakes in arithnmetic and sonme flaws in
construction.

Wth exanples of the pooling of data from
het er ogeneous trials, the multiple counting of patients
and signals, the m srepresentati on and exaggeration of
signals by either arbitrary groupi ng of events or/and
failure of, to present incidents data which would be the
nost reflective

At Biopure we have an alternative view on how
this table should be constructed. Only trials HEM 114 and
HEM 115 are sufficiently conparable to permt pooling.
Data from HEM 115, represents all of the safety signals
seen in the pool ed database. The |ist of observed
i mbal ance is identical and not exaggerated.

Moreover HEM 115 is a popul ati on of 688

patients. Relatively, honbgenous sel ective surgery
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patients, represents 47 percent of all the trial patients
and 68 percent of those in the RBC controlled trials, and
it contains an incredi bly extensive data collection, the
688 patients that qualifies, for an appropriate safety and
ef fi cacy anal ysi s.

Concerns over the safety of HBOC-201 arose, from
the interpretation of results fromthis pivotal trial.
Let's try to understand the increase in safety signals and
the associated problens. This was a random zed,
controlled trial conparing red blood cells to the HBOC
201, in elective orthopedic surgery, 688 patient enroll ed.

Random zation was at the first transfusion
deci sion. And about 60 percent of the patients in the
HBOC- 201 arm avoi ded any red bl ood cells through six weeks
foll owup, 90 percent clearly in the first 24 hours.

Forty percent of the HBOC-201 patients required
as a decision by their physicians treatnment with red bl ood
cells to nmeet their needs for increased oxygen carrying
capacity.

Unfortunately, the intent to treat safety

profile was not favorable. It is in the proscribe
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subgroup that efficacy, avoidance of red blood cells, was
not attained. More inportantly it is in this group that
the mpjority of the serious adverse events, the safety
signals emerged. The results of this trial, and all of
t he necessary anal ysis have been accepted for publication
and wi || appear shortly in the Journal of Trauma

A significant incidence of the adverse events
and serious adverse events both absol ute and have a per
patient incidence basis were noted in the HBOC- 201 arm
Fromthe study and these data the FDA concl uded the
profile shows, "unreasonable and significant risk of
injury" and "nost of the SAEs observed in the orthopedic
study HEM 0115 are consistent with the hypothesis that
they result fromthe vasoactive properties of HBOC 201,
wi th enphasis on the term "hypothesis."

| intend to denonstrate that there is a nore
reasonabl e and nore |ikely explanation for HBOC-201 safety
signals than toxicity. And noreover there is no evidence
of a causal relationship between vasoactivity and vital

organ toxicity with HBOC- 201.
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This difference may well be reflected in the
difference in the ability to increase oxygen-carrying
capacity, overall tissue perfusion and oxygenation
especially in critical organs. | wll address two
hypot heses regardi ng the energence of safety signals seen
in the HEM 115 trial.

Now, I'Il begin with an exploration of
alternative hypothesis the relative advocacy of HBOC- 201
could not provide sufficient oxygen-carrying capacity, and
this contributed to the enmergence of serious adverse
events when the conparator was packed bl ood cells.

Concentration difference, 13 versus 20 grans per
deciliter of infused product could result in an excess of
serious adverse events especially those associated with
ischema. This slide is a graphic representation of the
difference in the relative efficacy of the two sol utions
to increase the oxygen-carrying capacity with a single
unit, HBOC-201 and red bl ood cells.

The efficiency of HBOC-201 is not as good, and |
think that's clear. Here, we have nodeled the increase in

total henogl obin concentration attainable across the range
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of patients starting reference henoglobin I evels for fat
red bl ood cells, whole blood, HBOC-201, and hetastarch.

This nodel is based on many assunptions and
there is insufficient time for a full and conpl ete
description, which is not possible here today. This was
presented at the Cinical Pharnmacol ogy Society neeting in
Olando earlier this nonth in explicit detail.

Whol e bl ood, and HBOC-201 are simlar about pack
red blood cells clearly have a greater relative efficacy.
A rather dramatic difference actually. G ven the range of
ability to increase total henoglobin is there a
correlation of anem a, a | ow henogl obin or a henogl obin
deficit with the energence of adverse effects in
particul ar cardiac ischemc events, | think we should
explore that possibility.

Here | show the ability of the nodel to actually
predict the increase in total henopgl obin concentration,

t he oxygen-carrying capacity with data fromthe HEM 115
trial. There is a very good approxi mation of a nodel to

reality.
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How does the -- how does this translate to the
HEM 115 trial data? Patient popul ati on nean total
henogl obin levels in the HBOC-201 armare in red, packed
red bl ood cells in black both show as a function of
i nfusion nunber. Cearly, the HBOC-201 arm denonstrates a
popul ation with | ower total henogl obin over tine.

This could reflect either inadequate efficacy
and/ or unsuccessful patient managenent. The hi gher
i nci dence of serious AEs 0.34 versus 0.25 could be due --
sorry about that. Patient population here is the total --
it shows the total henogl obin levels in HBOC- 201
popul ation. Clearly the HBOC-201 arm denonstrates the
popul ation with | ower total henogl obin over tine,
reflecting as | just said, efficacy and/or unsuccessful
pati ent managenent. A higher incidence of serious AEs per
patient 0.34 versus 0.25 could be due to failure to
i ncrease oxygen carrying capacity, insufficient treatnent.

Recal | that by design the HBOC-201 armof this
study had two groups. The brown line represents the 60
percent of patients, who avoided any red bl ood cel

treatment, the red line the 40 percent of patients, who
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required red blood cells in addition. The serious adverse
event rate per patient in the 60 percent of those who
remanded successfully was 0.14. Strikingly different from
t he nunber you have seen in the packed red blood cells and
t he HBOC group as a whol e.

The second group for whom HBOC- 201 treatnent was
not sufficient as determ ned by the treating physicians
were exposed to the risk of ischem a from ongoing anem a
had an SAE rate per patient of 0.63 over a four tines
hi gher incidence. The total henobglobin as a group over
the course of study was clearly |ess than those treated
successfully, and | ed bel ow the treatnment threshold sought
for this trial.

Again in this group the bulk of the serious
adverse events for this trial emerged. There was clearly
a henogl obin deficit under treatnent, and we all know t hat
nortality and norbidity are related to henogl obin
concentration, in nmy experience across all diseases across
all levels of henpglobin concentration in al nost al

patient popul ati ons.
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How can henogl obin deficit be expressed,
gquantified to make it a useful tool for understanding
whet her or not this may have been a predictor of outcone.
In the schematic representation of a hypothetical patient
is showmn, for two clinically critical relevant el enents of
henogl obin deficit, the magnitude and the duration of the
anem a.

These el ements were operationalized by
cal culating the area under the curve to use the data in
assessnment. The enmergence of an adverse event was the
time stopping point for the calculations. The area bel ow
the clinically defined significant | ow acceptable
henmogl obin I evel, transfusion trigger, if you will, was
cal cul ated and reflects the magni tude of the defect.

For each and every patient in the HEM 115 tri al
the results were used for further analysis. This was al so
presented earlier this nmonth in Ol ando.

The area under the curve representation of the
henogl obin deficit was entered into a logistic nodel with

data fromall of the 115 patients, using covariates of
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age, history of cardiac di sease and whether or not they
recei ved HBOC- 201.

Sel ection of these variables is consistent with
known and accepted data concerning the inpact of age,
hi story of cardiac disease in the presence of |owlevels
of henogl obin to the energence of cardi ovascul ar and CNS
conplications in nost studies of surgical patients.
| ndeed nodern transfusion guidelines consider these
i nportant vari abl es.

And are elements used to define transfusion
triggers. In this nodel age, history of cardiac di sease
and the previously noted henoglobin deficit were nore
significant predictors of cardiac ischem c events, being
in HBOC-201 group was not a predictor in this nodel.

This table represents a concordance of the
measures of anem a in both therapeutic groups. Nunbers in
the m ddl e colum represent the 40 percent of patients,
who al so receive red blood cells. Both neasures the tinme
t he duration of anem a and magnitude the area under the
curve, are greater for the HBOC- 201 group conpared to red

bl ood cells. And further exaggerated in the patient
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popul ati on they recei ved HBOC-201 and red blood cells the
m ddl e col um.

There is an increase in adverse events and
serious adverse events associated with both neasures of
henogl obin deficit. Then there are the clinical aspects
of any hard analysis, the additional of clinical
contextualization to understanding the basis of the
di fference seen.

The results of an independent clinical root
cause analysis of the serious adverse events observed in
the 40 percent of patients, receiving both treatnents is
shown. The nmajor factors identified by this analysis were
vol une overl oad, and issues of volune managenent, under
treatment and age. Being old is not particularly good.

Once nore constraints of tine do not permt a
full and conpl ete explanation of this analysis, much of it
is in the accepted 115 paper, and a paper presented | ast
year in Beijing.

The red nunbers in the I eft columm represent the
nunber of crossed-over patients with these root causes for

their CNS and cardi ovascul ar events. And the nunbers in
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parent hesis are the nunbers of patients over 80 years of
age, with these causes, those nost sensitive to
signi ficant changes in oxygen carrying capacity, the
patients over 80, dues to a decreased henopgl obin
concentration are shown.

| nadequate treatnment of a deficit in oxygen-
carrying capacity and vol unme overload in this ol der
pati ent popul ati on account for the entire difference in
the groups and clearly supports the results obtained from
the |l ogistic nodel just presented.

| believe, | have denonstrated the fact that the
preexi sting inbal ance in solution or efficacy produced
contributed to a deficit in henogl obin concentration as
nmeasured in both duration, and magnitude, and the decrease
i n oxygen-carrying capacity, which results in tw forns of
pati ent managenent issues, under treatnent and vol une
over | oad.

HBOC- 201, while effective at providing an
alternative to red blood cells to a reasonabl e degree was
| ess effective at achieving the goal in a popul ation at

ri sk, those with high needs, those who are elderly, those

208



wi t h cardi ovascul ar di sease, patients in need of adequate
ti ssue perfusion.

The fact of an efficacy m smatch may have been
over |l ooked by those who designed and those who approved
the HEM 115 trial. Indeed in ny opinion the assessnent of
relative efficacy as part of HBOC trial design is a
general principle to be applied to all red bl ood cel
controlled trials. Conpetition with packed red bl ood
cells or blood less than 14 days old is probably not
justified.

| believe |I have denonstrated a sinple and
conpel l'ing explanation for the energence of CNS and
cardi ac serious adverse events in the HEM 115 trial based
on the henogl obin differences of the solutions. | wll
now turn attention to addressing the question of
vasoactivity as the putative basis for HBOC-201 toxicity,
isit reality or is it a nyth

As a rem nder, follow ng subm ssion of the
Bi opure BLA in 2002 as subsequent discussions in
communi cation with the Food and Drug Adm nistration,

Bi opure was sent to stated hypothesis. And the FDA
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request ed additional studies to address these particul ar
I Ssues.

And so we undertook the requested studies with
t heir approval and assistance in protocol design. Once
nore the allotted tinme does not allow ne, or permt ne to
do justice to conplete data sets and only a few specifics
will be presented.

The first request study exam ned blood flow in
i ndi vi dual organs of sw ne undergoi ng i sovol em ¢ exchange
of 10, 30 and 50 percent blood volunme. HBOC-201 is in
red, colloids in blue, and black is a tinme control.

| f the vasoactivity hypothesis were operative
increases in plasma total henogl obin concentrati on woul d
be associated with decreases in organ blood flow. This
was not the case for heart, brain, kidney, or pancreas
which is not shown. Only skeletal nuscle denonstrated a
significant decrease in flow associated with increasing
degrees of henodil ution.

In the prescribed nodel, there does not appear

to be generalized vasoconstriction associated wth HBOC
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201. The sane henodil ution protocol, which used in the
second proscribe study in swi ne shown here.

Here EPR i magi ng was a techni que for neasurenent
of tissue P2, if the theory of vasoconstriction is the
under | yi ng mechani smfor serious AEs is true. Reduced
bl ood flow with reduced tissue for fusion would lead to
i schem ¢ events in crimnal organs.

W just saw no change in flow, and here we
failed to denonstrate changes in oxygen tissue in tissue
oxygen and oxygenation with henodilution. The hypothesis
proposed i s once again not supported by the data obtained
fromthe requested studies.

Encouraged by these observations verification of
t he observation of vasoconstriction in the skeletal nuscle
was the next step. This microcirculatory study in rats
shows an increasing blood pressure with increasing
clinically rel evant doses of HBOC-201 the upper graph.

Changes in vessel dianmeter are shown at the
bottom two graphs decreases vasoconstriction in the

vessel s of the skeletal nuscles on the left, no change in
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the dianeter of the nesenteric vessel the absence of
vasoconstriction on the right.

Key findings fromthese requested preclinical
studies in two species with two nethods of eval uation no
vasoconstrictions in organs of concern neasured only in
t he skel etal nuscle.

A question. These studies do not support the
stated hypothesis. The results fromthese requested
studi es have been rejected or significantly discounted and
Bi opure and the United States Navy remain on clinical hold
in the United States despite the BPAC reconmmendation for a
phase Il trial, with the exception of the individual
approval s for conpassi onate use of | NDs.

Could we find directive in sone
vasoconstriction, cardiac toxicity in patients;
especially, the vital organ heart?

In the next fewslides, I will show you data
from swi ne and human studies performed in one of the
prem er clinical cardiovascular sites in the European

Uni on that support the followng points. Al of these
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studi es have been accepted and/ or published in peer
revi ewed journals.

First intracoronary HBOC-201 dose dependently
corrects LV dysfunction induced by total interruption of
coronary flow. Secondly, HBOC-201 does not vasoconstri ct
coronary arteries in patients with coronary artery
di sease. Thirdly, intracoronary infusion of oxygenated
HBOC- 201 protects agai nst myocardial ischema in coronary
artery di sease patients experiencing conplete coronary
occl usi on.

Sonme tinmes, as alluded to by Dr. Biro earlier,
humans are good nodel s of our animal experinents.

Clinical trial core 0001 intravenous infusion of two doses
of HBOC-201 in to patients with coronary artery di sease.
Upper |eft panel shows increase in nean arterial pressure,
about 23 mllineters of mercury, but coronary flow an

i ndi cator of coronary mcro vascul ar tone was unchanged.

The upper right panel shows the sane nean
arterial pressure data. And the absence of change in the

di aneter of an epicardial conduit coronary artery has
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determ ned using quantitative coronary angi ography as
depicted in the right | ower angi ogram

I ncreases in system c blood pressure, a
surrogate for vasoconstriction does not predict vascul ar
tone changes in the coronary artery in high-risk patient
with sensitive coronary arteries. Here, we show that |'ve
HBOC- 201 conpared to hydroxy-ethyl starch do not alter
coronary fl ow.

Two protocols to evaluate the effects of
i ntracoronary oxygenated HBOC-201 and | eft ventricul ar
function in the absence of coronary blood flow. For the
animal studies on the left function of a wall segnent was
measured wi th sonom cronetry. For the patients on the
right left ventricular function was assessed from pressure
| oop recordi ngs obtained froma conductance cat heter.

The swi ne were anaesthetized and the patients
slightly sedated. They were undergoing a coronary artery
intervention before the study comenced. In both studies
a Helios (phonetic) style | ow pressure ball oon catheter

was used to occlude the proximal |left anterior descending
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artery for three mnutes or |less stopping criteria were
met .

During this occlusion oxygenated HBOC- 201 was
infused distilled to the instruction. Shown here is the
swi ne data of left ventricular function near the end of
the 3-m nute occlusion without HBOC-201 on the left in
bl ue, we see dysfunction indicative of ventricular
dilatation and |l oss of ventricular wall function,
essentially loss of contractility.

Wth oxygenated HBOC- 201, we see a dose-
dependant response with full protection of function at 50
milliliters per mnute. It is hard to consider this as a
particular toxic material to the heart.

In this representative patient of the five,
studied with 3 mnutes of total coronary occlusion, no
native coronary profusion a dry occlusion the blue PB | oop
on the left shifted to the right and up on narrow ng of
this | oop conpared to base line in black represents a
smal l er ejection fraction into a higher diastolic
pressure, signs of a dilated heart, just what was seen in

t he sw ne.
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I ntracoronary infusion of oxygenated HBOC- 201,
the red loop on the right, maintains punp fit function
with little change frombaseline. The left panel shows
| eft ventricular endiastolic pressure during occl usion,
the blue line dry occlusion indicates a rising pressure.

Wth HBOC-201 the pressure i s naintained near
baseline. Dry occlusion results in a fall in cardiac
output as it would be expected, while coronary profusion
with HBOC-201 permits it to remain very near the baseline.

The asterisk indicates that this patient, |ike
inall in the study, term nated the dry occlusion before
t he 180-second point for synptoms. Wth HBOC- 201, al
pati ents went 3 m nutes per protocol.

Mean ST, segnent changes on the
el ectrocardi ogram for baseline are shown here. Red is an
i ntracoronary el ectrocardi ographic |ead, the green |ines
are the surface leads. During dry occlusion ST segnents
increase significantly, an indication of intra -- of
transmural myocardial ischem a

Perfusion wth oxygenated HBOC- 201 prevents

shift in the ST segnent, the segnent that represents
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ischema. Summarizing the preclinical data HBOC-201 is

w thout the fact our material tone in vital organs,

skel etal mnuscle bits do show vasoconstriction, the primry
cause for the increased blood pressure. Direct exposure
of the heart to oxygen in HBOC preserves nyocardial in
function in the absence of blood. It's unlikely the HBOC
201 has intrinsic cardio toxicity.

Summari zing the clinical toxicity -- excuse ne
summari zing the clinical data, HBOC 201 i nduces a nodest
increase in blood pressure, sealing the property of the
class. This increase is for the nost part nodest and
transi ent and once seen in clinical trials or in patient
grant ed conpassi onate use, nanageable with standard
i nterventi ons.

HBOC- 201 does not appear to vasoconstrict
coronary vessels, nor does it have an effect on coronary
function. HBOC-201 is an oxygen therapeutic, devoid of
cardiac toxicity as it clearly maintains nyocardial and

function as out -- ECG evidence of ischem a.
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| believe that we have shown on the left that
there is no evidence in these nodels to support theory of
vasoconstricti on.

|'d like a nmoment to take a brief launch into
sonet hing on efficacy. Last night University of Maryl and
hosted a synposi um where first-time users of HBOC 201
presented their experience in the treatnment of severely
anenmi c patients under FDA supported conpassi onate use | ND
| selected a case where there is a clear and under
critical evidence of efficacy, w thout evidence of
toxicity at levels of native henogl obin concentrations
that would normally be considered lethal is Dr. Gould
showed us.

Yet this supposedly toxic substance sustained
life for 18 days until she succunbed from her underlying
di sease. Dr. Thonpson is here, and woul d be happy to
di scuss the case with you. The young woman with
henmophagocyti c | ynphohi stiocytosis, a rather advanced form
and rare form of autoi mune henol ytic anem a was treat ed.
A 25 year-old 50 kg woman was first treated when here

henogl obi n was bel ow 2 grans per deciliter.
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Over the next 18 to 19 days, she received 53
units of HBOC-201, 13.5 liters providing a total
henogl obin | oad of 1.73 kilograns. W -- her native
henmogl obi n over that time of course was barely greater
than 1 gram per deciliter. 1In the course of treatnent,
she was sw tched from bol us infusions to constant
i nfusions, and note the upward trend in the henogl obin.

During this time she underwent a spl enectony,
she had normal kidney function, normal cardiac function,
normal cerebral function, and nentation. Ischem c issues
were not a problem and the nurses who cared for her said
she had hi gher brain function, when they allowed the
sedation to ease.

At autopsy the ultimate clinical test and
exam nation, there were no lesions of toxicity in the
liver, brain, kidney, or heart. And additional clinical
perspective, if | may take another nonent, Biopure has
treated nore than 17,000 patients to date in clinical
trials, in South African market in conpassionate use.

We have | earned a great deal fromthese

experiences including a clear awareness of a side effect
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profile. However, inappropriate indications in patient
popul ations, side effects can be effectively managed. |
believe that what you see on this slide is the true side
effect profile the HBOC-201. This should be considered
side effects as all agents have side effects.

In situations where blood is neither an option
nor avail abl e excepting these treatable side effects while
saving a life should be recogni zed as beneficial. The
benefit outweighs the risk in nmy opinion.

The way forward, HBOCs are not bl ood
substitutes, they were about that well, over a score plus
10 years ago. Their oxygen therapeutics and can be usef ul
when there is a need to increase tissue oxygenation as
either a rescue therapy for stroke or Ms we have heard
was an adjunct to radiation and chenot herapy as we have
heard and many, many ot her possibilities.

Because they vary in conposition on many
characteristics they nust be evaluated individually and
not assumed to have a common mechani sm of action or
toxicity to explain the enmergence of adverse events. The

sane event could arise fromdifferent nechani sns.
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HBOC- 201 is neither toxic nor illegal, and it
can be used to save |lives now. HBOC should be eval uated
intrials where blood is not an option or imrediately
accessible. The efficacy of an oxygen carrying sol ution
over colloids or crystalloids is all too obviously
especi ally when oxygen delivery to tissues is essenti al
for life.

W are devel opi ng additi onal new generation of
HBOCs and for conjunction with U S. Navy and the NI H
i nvestigators. The devel opnent cycle to bring any of
t hese products to fruition and online is 7 to 10 years
when we seemto need something now. \Who anbng us is
willing to let the nother of a young Jehovah's Wtness
patient with menonmetrorrhagi a and an native henogl obi n of
1.8 wait that long for treatnent?

| want to acknowl edge and thank the efforts of
ny teamto fly up here for their help and support in
putting this together and ny tine there. 1 want to thank
you for your attention and | want to | eave you with this

t hought. Thank you.

(Appl ause)
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M5. ALVING Thank you Dr. G eenburg. Okay. W
are going to now hear fromDr. TimEstep. | don't know
how he went fromreceiving a Ph.D. in biophysics to the
wonder f ul of henobgl obi n-based oxygen carriers, but he has
certainly has had the great experience in this. He was at
Baxter at the tinme that they really | think joined up with
Letterman to devel op the product henbgl obi n-based oxygen
carriers at that tine.

He was involved in the very initial clinica
trials that were launched in the United States, he then
went over to Sonmatogen, and he is now a -- has his
consulting firmin Col orado.

What | would |like to say and probably nost of
you know that as | understand it, currently there are no
clinical trials in the United States that utilize
henogl obi n- based oxygen carriers. | believe that it is
avai |l abl e in conpassi onate use case-by-case basis as
approved through the FDA. Perhaps Dr. Estep can tell us
some of these adventures and thoughts as he described the

clinical trials.
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LESSONS LEARNED FROM THE BAXTER EXPERI ENCE I N THE

DEVELOPMENT OF HBOCS

MR. ESTEP: But enough about nme. Thanks a | ot
Barbara | appreciate it.

One of the things that | want to start off by
mentioning is as Barbara alluded to that | amno | onger a
Baxt er enpl oyee, therefore | amnot acting as an official
Baxter representative. However, | do retain financial
interest in the conpany and even though Baxter is not
going forward with devel opnment of these kinds of products,
| thought | should nention it, so that the audi ence could
appropriate di scount what | have to say.

| amprimarily going to be tal king about the
data generated fromthe diasprin crosslinked henogl obi n,
because that is where by far we have the nost clinica
data, which for those of you, who may not be famliar is
human- based crosslinked henogl obi n.

And in a particular given the focus of this
wor kshop | amgoing to be -- | tried to pick out basically

t hose properties, and topics that were, we think of nbst
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rel evance to interpreting the clinical results. And the
way | structured this is talk alittle bit about sone of
the preclinical data at first.

And then spend nost of the rest of the talk
tal ki ng about the phase Ill clinical trial results in
particular the U S. and European trauma studies.

Well, in contrast to some recent assertions we
in fact did do a trenendous anount of preclinical testing
on DCLHb. Sonewhere between 100 and 200 studi es was done
internally and with coll aborators to assess vari ous
aspects of this kind of product. W |ooked at a variety
of indications, and we saw sone degree of indications of
efficacy in the indications showmn on the left, |ike one of
col |l aborators only half of these actually said it |ooks

like we had all the depth covered.

But we decided to focus on the top two bl ood
repl acenent and henorrhagi ¢ shock ultimately as our |ead
i ndi cations. Although, we did do sone -- a |ot of
preclinical work and the angi oplasty indication nmuch as
Dr. Greenburg was tal king about earlier. And we also

turned up sone safety concerns, the primary ones being the
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top two heart |esions and vasoactivity.

|"mjust going to talk briefly about those.
Now, there were a couple of others that showed up that we
t hought were of | esser concern; jaundice, which is nostly
a cosnetic issue and consequence of henogl obin netabolism
a transient centrilobular necrosis in the Iiver and some
G effects.

So | want to -- first, I want to tal k about the
-- just summarize the myocardial lesions. Now, this was
sonmething that we found in the early '90s as part of our
systematic toxicity testing. And frankly, it gave us a
great deal of pause. W delayed filing of our R&D for
about 2 years while we systematically eval uated what was
going on here. This testing has been sunmarized in a
review article that Don Gordon, Tim Berop (phonetic), and
| published a few years ago. | did bring a fewreprints
with nme if someone mssed the initial article and has an
interest init.

What |'m going to be doing today is just
summari zing the highlights, or | guess perhaps low lights
dependi ng on your perspective, of this phenonena because |

know it has been of substantial concern to the Agency and
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some others as well. In the nomencl ature of pathol ogists,
it's described in this way. And basically, in the
observation mcroscopically are foci of cells that are
either sick or in sonme cases dying.

There is a | ot of species variation as was
mentioned, | think, earlier this norning in the incidence
and severity of this, the npst sensitive species anongst
t hose we evaluated was the rhesus. Swi ne was next. Cynos
(phonetic) had a different dose response curve. And
rabbits showed a somewhat simlar |esion, although had
nmore of an inflammtory conponent. And there was actually
a fairly high background in rabbits, so it didn't turn out
to be a very good nodel

It's nost evident 1 to 2 days after infusion.
And the lesions do resolve with tinme, the sick cells
recover, the dying ones are renoved, and it actually
becones progressively nore difficult to detect whether the
| esion has been there if you | ook later on. There was a
very definite dose response character, which I'll show you
in the next slide and a norphonetry study which basically
means we took a lot nore slides than usual so one can get

an estimate of the actual volume of cells invol ved.
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That was perforned in rhesus, getting a dose
sufficient to elicit the maxi mum | esion types showed that
there was about 1 percent on average of the cells that
wer e invol ved al though there were sone individual
variability ranging fromabout two-tenths of a percent to
3 percent in individual aninals.

And this just shows the dose response curves and
how t hey vary. The blue dianonds represent the average
severity score for rhesus. And this is based on the
typi cal pathology classification of mniml, mld,
nmoderate, and severe. And | think, roughly speaking, you
shoul d probably think of this as a logarithmc scale in
ternms of the percentage of tissue involvenent.

Again, with the rhesus you see -- you start
seei ng sonme appearance of this at a few hundred mlligrans
per kilogram And then it nmaxim zes out at doses a little
bit bel ow one gram per kilogram And then no matter how
much nore you give, there are no nore cells that are
involved. So that's only a subset of the cells that are
susceptible to this.

The pi g dose response curve | ooks very simlar

except it's sonewhat right-shifted. Cynos have a much
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flatter curve and then we did not detect this kind of
lesion in our tox testing in rats or dogs.

Now what are the consequences? Wll, one thing
that we observed was although in swine there is -- appears
to be a transient elevation of CK and LDH, the nyocardi al
specific isoenzynes were not el evated. Moreover, we could
not detect a functional deficit. W did blinded
el ectrocardi ogram studies and could find no difference
between aninmals treated with DCLHb or oncotically matched
al bum n sol ution.

In fact, we |ooked at pigs as a nodel for
angi opl asty, which | already nmentioned. And typically --
and this was infusing the henogl obin solution down an
al um num cat heter. And the henogl obin was actually able
to preserve normal function when the balloon was infl ated.

And in fact, we also did some studies where we
i nduced a nyocardial infarction and then treated with
DCLHb. And in that case, both short-termand |ong-term
functionality was better preserved than in untreated
controls. Mreover, and this was the study that al so was
alluded to earlier in Conrad Messer's (phonetic)

| aboratory where they introduced a critical coronary
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stenosi s and then henorrhaged the pigs. Again, treatnent
of DCLHb actually reduced nortality conpared to the
control groups.

So that gave us a greater deal of confort that,
in fact, this -- whatever heart |esion was occurring and
they were present in those aninmals in those studies that
it did not have a functional consequence. W then did a
| ot of studies |ooking at various interventions to try to
ascertain the nechani sm of devel opnent of this | esion and
al so potentially identify co-nedi canments that m ght help
aneliorate it.

We | ooked at node of infusion. W |ooked at
anti hypertensive, anticoagul ants, antiinflammatori es,
antioxidants, iron chelation with desferrioxam ne,
cat echol am ne depl eti on because the lesion is actually
identical to that observed after pressor agents are
infused into animals' mani pulation fluid volune. And none
of these had a significant effect on the devel opnent of
the lesion nor did the gender of the pigs, nonectony,
hydration state, or whether the pigs were anaesthetized or
not .

These | esi ons were observed after the infusion
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of human or sw ne stroma-free henogl obin. And nost of the
products, of course, were human-based that we were | ooking
at. There were two henogl obin alterations that
consistently tended to nmitigate the incidence and severity
of the lesion formation. One was pol ynerization, but |
woul d naybe generalize that to making it |arger.

That did appear to help in reducing the
i nci dence and severity. And the other, once we acquired
the tools, after Baxter acquired sone antigen to
mani pul ate the henogl obin on the nol ecul ar | evel, we found
that reducing the rate of interaction with NO in and of
itself had a substantial effect on reducing the incidence
and severity of these |esions.

Subsequently, we read reports in the literature
that (inaudi ble) caused heart |esions. And when we
repeated our typical experinent, indeed we found that we
coul d generate the | esion that was identical to that that
we observed with henpoglobin. So the NO involvenent in the
nmechani sm seens to be substantiated by that observation

Well, we eventually decided to go into human
testing and the rationale was the fact that, again, there

was no functional effect that we could detect. It appears
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to be that only a snall part of the cells even in the nost
sensitive species are sensitive to this particular effect.
In fact, we were required to do a repeat dose study to
enter into a clinical trial -- some clinical trials in
Europe. And even at accunul ate doses up to 112 grans per
kil ogramm we saw no greater tissue involvenent than we did
with the 2 gram per kil ogram dose.

And anot her thing that hel ped set the context,
at least for ne, was a discussion that | had with M chael
van Essen at the LDS Hospital. At the tine, he was head
of the departnent of internal nedicine but a practicing
cardi ol ogist by trade. | took himthrough all of these
data in great detail. And he nentioned that, well,
typically they cause nore damage than that when they're
doi ng an angi opl asty procedure. So given the fact that
that occurs, the fact that you see it with pressors, we
t hought that the risk was worthwhil e and acceptabl e.

Now, the question, of course, is what's going on
in a mn. And unfortunately, it's still unclear. One
study that we did in cardiac bypass patients, we were
| ooking at DCLHo in lieu of red cell transfusion,

suggested there was no difference in the nyocardi al
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speci fic enzynmes between the two groups. They were both
el evat ed because this -- these were cardiac patients
subsequent to cardiac surgery. But basically, the
investigators did not feel that the henogl obin caused
i ssues. And of course, we were sensitive of that in |ight
of the preclinical observations and al so the concerns
about the vasoactivity effects.

One question that's cone up i s whet her autopsies
woul d be useful and it's sonething we di scussed and
t hought about. And we concl uded probably not for a couple
of reasons. One is froma practical standpoint,
understand that it is often difficult to get perm ssion on
a consistent basis to perform autopsies on patients. And
the other reason is that in some of the patient
popul ati ons, there would be a high background anyway.

And t hi nki ng about what we could do to elucidate
this because these data now are anywhere from 10 to 15
years old is whether | ater generation assays m ght be nore
sensitive. | believe there are subsequent generation
conponent assays. There's now a conpany that has human
cardi ac tissue assays although I'm personally |eery about

extrapolating fromcell culture results.
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Are there sonme newer in vitro scanni ng nethods
that could gives us a better idea of what's going on with
regard to this particular finding? If so, | would suggest
t hat, anmong ot her things, we should probably performon a
-- sone popul ation, either volunteers or patients who have
a | ower background pathol ogy so that we'd have a greater
sensitivity to detect whether sonething s going on there.

|"ve just got two slides on basal activities
since this has been di scussed probably now to the point of
nausea today. But | did want to nention a coupl e of
things that, | think, mght be relevant to the discussion
of the clinical results. One is that, again, this is
sonmet hing we started seeing around 1990 overtly manifested
as an increase in system c blood pressure.

| believe that it's highly correlated with the
extravasation of henoglobin into the interstitial space
and NO scavenging. | believe the preponderance of data
supports that as the hypothesis not to say that there
aren't other things going on because it's mtigated by
sl ow ng down henogl obi n extravasation or interaction with
NO.

This is sonething that tends to nmani fest and

233



maxi m ze at relatively | ow doses for the HBOC world. And
there are a nunber of things that can counteract this
effect wwth drugs, anesthetics, fluid manipul ations, and
free (phonetic) treatnents, which can al so confound, if
you will, the observation of this clinically.

And again, this varies in species, tissue, and
vessels. And | want to enphasi ze this because a | ot of
times I've heard and continue to hear vasoactivity
mentioned as if it is a global phenonmenon. But the fact
is it occurs differently even in the same vessels within
t he same tissues.

We did isolated vessel work. And to nmaybe
diverge a little bit to answer the question that was
raised this norning, | don't think that vasoactivity is
exactly the sane thing as hypertensi on because you could
have | ocal vasoactivity going on that's not going to be
mani fested as an overall increase in nean arterial
pressure and which after all is sort of a weighted average
of everything that's going on.

So those things aren't exactly the sanme. But
one manifestation of it occurring is an overall increase

in blood pressure. So it's one thing we need to keep in
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And this is just one data set anobngst dozens
t hat have been generated. And it's qualitatively typica
al t hough quantitatively nore extrene than nost. This was
work that we did with Anil Qulati (phonetic). This
happened to be an anaesthetized rat nodel with a 400
m | ligram per kil ogram dose.

In this particular nodel, there was a 78 percent
increase in nean arterial pressure. And on nost rat
studies we did, especially conscious rats, it's nore like
30 to 40 percent. And this was associated with an
increase in total peripheral resistance. But in this
case, the cardiac output actually went up. There was no
significant change in heart rate.

I n other nodels, sonetinmes the cardi ac out put
does go down a bit but the real issue that we were worried
about was what happens to blood flow, especially in vital
organs. And this is just a subset of the data that was
published in this paper and there was a whole string of
papers. And the bottomline, and this is very simlar to
what Dr. G eenburg was just presenting with regard to the

Bi opure product, is blood flowto major critical organs is
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preserved.

One exception in this nodel was the heart, where
it actually went up by several fold. That's a nore -- a
| arger increase than we typically see. But usually, we do
see an increase in blood flowto the heart. And that was
i nportant because there are papers in the literature with
i sol ated heart nodels which clearly show vasoconstriction.
So in the whole aninmal, the response in this case is
different than that observed with sone of the isol ated
or gan nodel s.

Animals -- one of the other things that gave us
confidence to go forward into people, because of the fact
that it appeared that in fact the blood fl ow was preserved
where it should be preserved. So now |'mwanting to
change over into discussing a little bit about the
clinical experience.

After going through phase 1 and phase 2 studi es.
W initiated several phase 3 studies at the sane tine.

And two of these were in the trauma indication, the third
was in elective surgery. There were two studies, one in
the U.S., one in Europe, sonme simlarities in the

protocol s but also inportant differences.
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In the U S., the treatnent was initiated in the
energency room and in Europe, the treatnent was initiated
on scene. Now, these trials, as is well-known, were
stopped after an interimanalysis; the first interim
analysis of the U S trauma study, which reveal ed that
there was significantly higher nortality in the treated
group. And this is the 28-day nortality for the treated

group; a 46 percent versus 17 percent in the control

group.

So the question that has been asked and reasked
on many occasions is, "what happened?" Well, first of
all, neither of the independent safety nonitoring

committee, or our internal review was able to identify a
specific cause and effect relationship. It's also notable
that in the European study, that there was not a
statistically significant difference between the treatnent
and control groups; in the nortality it was 42 percent,
treatment group, 38 percent in the standard treatnent.

Al so, there were only 98 patients, tota
accunul ated by this point intinme in the U S study and
the patient popul ation was quite heterogeneous.

Literally, ranged in age from19 to 90; a variety of both
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genders, and a variety of background. So there were a
nunber of confounding factors present that make it
difficult to define a cause and effect relationship.

One thing that's been noted, and here I'm
basically -- throughout these quoting and deriving results
fromthe studies that have been published, there are -- |
t hi nk, about 8 to 10 papers are abstracts on these two
studies. There was a difference in the baseline nortality
risk to a certain extent. There were eight patients who
had pre-hospital traumatic arrests and seven wound up with
a treatment group. And patients in the treatnent group
al so tended to have | ower diastolic pressure and higher
base deficits.

There was a |l engthy post-op nortality anal ysis
that was published by Ed Sl oan and the coll aborators.

And it is actually here today and tonorrow. And basically
what they found was, of the 32 patients who di ed across
the study, the deaths were expected in 30 of the 32, and
of the two remai ning ones, one was in each group. Another
i nportant observation, and | think one that enphasizes the
difficulty of doing studies in this kind of environnent is

t hat al though the objective of the DCLHb clinical tria
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was to identify patients with internediate nortality risk
so that one could have a reasonabl e sized study that would
detect the difference. |In fact, the distribution of
nortality was binodal; with a |arge nunber of patients at
each end.

And this was not because of |ack of effort. Qur
clinical staff and our collaborators spent about 2 years
defining inclusion and exclusion criteria to try to carve
out that reasonable m ddle ground, but we still wound up
with this kind of distribution. And | think it's a
chal l enge that we still have in defining those criteria
for this kind of patient population.

And | think Ed's going to conment nore about
t hat tonorrow, about maybe sone ways that that can be
adjusted to nake these nore reasonabl e studies. Another
peculiarity of this study was that the nortality rate
changed with tinme. |If you look at the nortality rates
anong the first -- the very first patients that were
enrolled, at the clinical sites, it was 62 percent in the
treated group and O percent in the control group.
Subsequently, these were nuch nore equal and actually not

significantly different.
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So there is a question. Wat was goi ng on here
inthe initial patients and I'm-- | have one hypothesis
| ater on, that may be addresses that. It's also worth
noting that the patients were expected to have a 40
percent nortality on the basis of prior experience of the
investigators. So if you think about it, anongst the two
treated and two control groups in this -- these two
studies, three of those four had a nortality that was
simlar to that -- the control group in the U S study was
much | ower.

Anot her point | want to nake is that we were
testing the hypothesis that addition of DCLHb to standard
of care would inprove survival. That did not appear to be
the case, and there was a subsequent study, which has not
been published that suggested that actually the
conbi nati on of DCLHb and | arge vol unmes of fluid gave you
an adverse outcone.

Most of the studies we did were henorrhage
resuscitate and have noderate amounts of other fluids.

One study that was published further to this point was out
of George Kranmer's lab, it was specifically |Iooking at a

sheet nodel at the vol une expansion effects of -- in this
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case DCLHb sol ution versus an oncotically matched al bum n
sol uti on.

And what GCeorge found was surprisingly the DCLHb
had twi ce the vol une expansion effect of albumn. Now, we
expected DCLHb to be a vol une expander, because it has a
significant amount of colloid osnotic pressure, but not
that much. So | think these observations are interesting
inlight of a difference between the European trial and
the U S trial.

One of the exclusion criteria in the U S trial
was patients resuscitated with nore than 1 liter of
fluids, that was not an exclusion criteria in the U S,
trial, and in fact the patients average about (i naudi bl e)
pre-hospital and got an additional 4 liters in the
enmergency room So | would like to suggest that one issue
of this trial and perhaps others may -- is that there may
have been an adverse interaction between DCLHb and | arge
vol unmes of other fluids.

Anot her point | want to nake is that HBOC
solutions have nmultiple properties that are inportant to
ti ssue perfusion and oxygenation. O course, oxygen

transport, which is why we're doing all this, vasoactivity
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has been di scussed. Oncotic pressure, | think, actually
is very inmportant in affecting perfusion, viscosity and
even just the -- even in the absence of oncotic pressure,
t he amount of fluid volunme in a nunber of these patients
IS substantial .

These properties have very different dose
response functions. And |'ve tried to illustrate that on
this slide. And |I've actually used rodent data, because
we don't have human data as far as the response out here,
but the human data that we did accumul ate suggests that it
follows the sane kind of dose response behavior if you
| ook at the maxi num change in bl ood pressure versus dose.
And you see it's again manifested at | ow concentrations
and then it nmaxes out at what is -- and this has been
converted to bl ood vol une equival ents at about one unit
wor t h.

If you |l ook at the augnentation of oxygen
transport, and this was just a cal cul ated val ue assum ng
additivity, and it's probably not that sinple. But the
point here is that this is a very different curve, and if
you were to plot the effect of oncotic pressure, you would

probably get yet a third function, which would be
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different fromthese two, and | should note that in both
of our trauma studies, the dosage range was between one
and two bl ood unit equival ents.

So we were operating at this range, which as you
can see fromthose curves nmaxi m zed the effects of
vasoactivity whether they're good, bad or indifferent.

But the effects of sone of the other characteristics,
additional fluid volunme oncotic pressure, et cetera were
not mexim zed. And | was very interested by Dr.
Greenberg's conments, because | think this may be anot her
mani festation of the interesting analysis that they've
per f ormed about henogl obi n dosi ng and whether we in fact
have been at the optimal place.

So it's also interesting that, in their
publ i shed papers, both groups of physicians that were
i nvolved in these studies suggested that inadequate dosing

of DCLHb possibly contributed to the |ack of a positive

effect. | think there are other possible interactions
that need to be contenpl ated perhaps not so much -- excuse
me -- in the trauma study, but in surgical studies is the

interacti on HBOCs with anesthetics.
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W did sone isolated vessel studies. Actually,
they were done at Uniformed Services University with whom
we are collaborating. It showed that hal othane actually
tends to blunt the vasoactivity of DCLHb, isoflurane does
and Propofol is kind of in between. The question may be
what about the interaction with other anesthetics.
don't think these have been systematically explored. Wat
about shock factors?

As al ready have been nentioned, there were sone
literature that HBOCs under sone circunstances in rodent
nodel s can enhance the lethality of endotoxin and there
are sone valid criticisns of those studies as to whether
they're clinically relevant. But the fact is that it does
occur, HBOCs tend to bind endotoxin, and that's an issue
we all westled with during manufacturing.

What about the interaction with other cytokines,
hor nones, stress factors, that are running around? |'m
kind of lapsing into nmy NIH advisory committee node here,
but I think these are several areas of additional research
that m ght be of benefit. And | just put these data out,
because there may al so be an interaction with the type of

trauma, both in the DCLHb study and | noticed in the
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Pol yHenme study, there was higher nortality in patients
that endured blunt trauna versus penetrating trauma. So
there may be sone differences in those two states that
affect the response of the patients to HBCOCs.

Anot her topic is product |earning curve. One of
t he anecdotal comments that our investigators nmade was
that patients tended to inprove i mediately after
recei ving DCLHb, inprovenments in vital signs, skin color,
mental status. And this is sonmething we sawin a |ot of
our aninmal studies. It was -- it's rather amazing if you
haven't seen it to see a henorrhaged ani mal respond
literally within mnutes to resuscitation with an HBCC.

However, another conment after that was that
t hey thought the patients were doing well, they cane back
a few hours |ater or maybe the next night and the patient
had crashed. In that regard, it's interesting to note,
anong the patients who died within 24 hours of infusion,
the DCLHb patients received | ess blood fluid.

So it raises a whole bunch of interrel ated
questions as to whether the patients in fact |ooked better
than they were or were they in fact better, but not for a

| ong enough period of time, or as long as the investigator
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expected, or is there a delayed adverse effect. Wuld in
fact treated patients have done better with nore DCLHb
and/ or sone additional intervention?

And this is one thing that | think m ght have
affected the initial patient results versus the subsequent
patient results. | suspect that once this occurred with
t he physician, they were probably nuch nore attuned to
monitoring the patients nore often or nore closely.

Again, that's a hypothesis, but perhaps a | earning could
be taken away fromthese studies. One thing | want to
mention is what didn't happen, because |I've heard several
versions of this hypothesis bandi ed about, and it's
basically that okay, you gave this vasoactive substance to
these patients and they bled out and that's why they had a
probl em

The fact is that's not supported by the data.
And this is a direct quote fromEd' s paper that in fact
"bl eedi ng nor higher blood pressures were systematically
observed in patients who received DCLHb." And | wanted to
mention this, because actually in this study and in the

phase 2 study, even though we know the DCLHb is
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vasoactive, the average bl ood pressure in treated patients
was within a fewmllineters of the control patients.

So there's sonmething different about these
patients, it's not to say vasoactivity isn't going on.

But it's not nmanifested as the increase in overall nean
arterial pressure. And perhaps because the trauma
patients are in shock or the effect is blunted by sone of
the other factors or just the ongoing vol une depletion.

So just kind of summarizing why did things not go well in
that particular study. Well, there's multiple reasons and
they're not mutual ly excl usive.

Now, there's certainly evidence that sicker
patients were interviewed in the treatnent group. |
think, it's possible there were adverse interactions with
concom tant therapy, with the wi sdom of hindsight. I
believe, the patients nay have gotten too nuch ot her
fluids, not enough HBOC, and there may have been a | ack of
appreciation for the duration of response to DCLHb.

And this then gets us down to, well, the
possi bl e adverse side effects of DCLHb. So | think to be
fair and bal anced, | wanted to throw out three possible

adverse effects that m ght be worth exploring further.
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There was a study published in 2005 by this person whose
name | can't -- | don't know exactly how to pronounce, but
he was | ooking at the effect of pre-treatnment of rats with
actually two different HBOCs, one of which was the Baxter
product and he emarginated to see whether it primed them
to survive a subsequent henorrhage better. And he found -
- he emargi nated, that was the case, but actually with the
two HBOCs, they did worse, the tinme to deconpensati on was
| ess, and at sone doses the nortality was higher.

So | found this a bit disturbing, and these
aut hors | ooked at a nunber of different things. The one
thing that caught my eye nost was the fact they |ooked at
ATP levels in the liver. O course, shock depletes them
but they found it was depleted nore in the aninals that
were treated with the HBOC.

Now, liver is a major organ for DCLHb
met abolism We know that fromthe pharnmacokinetic
studies, and | nentioned that we observed the transient
centrilobular necrosis in the liver in our tox study. So
livers get real busy when DCLHbs is onboard, and perhaps
that stress conbined with a subsequent henorrhage, causes

pr obl ens.
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Anot her issue is pancreatitis. It was observed
in a couple of our studies, and it was noted in the FDA
summary and that inbalance is true. The thing that's
puzzling is, this was not a target organ that we turned up
in any of our preclinical studies. W did not see
pat hol ogy. We did not see adverse effects of blood flow
to the pancreas.

And yet, sonething happened in sone of our
patients. Now, six of those occurred in the European
trauma study and four of those patients had trauma to that
area. So it's alittle bit hard to assign causality
t here.

The other five were in the -- actually in the
phase 3 U. S. surgical study, and one of the things, it's
not in the paper, but | recall fromny reviews was that,
upon further review, a couple of those patients had
previ ously undi agnosed gal | stones, which is also a risk
factor for pancreatitis.

Nevert hel ess, the fact that in a broader range
of patients, we see elevation in pancreatic enzynes
suggest that maybe there is sonething going on that is

different in human pancreas as conpared to the animals.
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A third observation is that, in the literature
there is a suggestion that if you infuse inhibitors of NO
synt hesis, the overall oxygen consunption goes up. And
this has been ascribed to a degree of decoupling at the
m t ochondrial |evel.

Don't know whet her that occurs with HBOCs, but
if it does, it might be alittle bit counter-productive in
situations where we're in fact trying to enhance oxygen
delivery to tissues. So these are perhaps three areas we
are exploring further.

So as far as where we would go from here, kind
of , presaging tonorrow s discussion, | think, it would be
very useful to have a physiol ogical map of human response.
"' mnot sure we need anot her rodent study until we
understand what's going on in humans.

And | know that's easier said than done, but
again, perhaps this could be an area of enphasis for NI H
funding. Wuldn't it be nice to know what the blood flow
was |ike in human critical organs, hunman pancreas, hunman
heart, and how that affects the organ pathol ogy.

So | don't know whether the techni ques have been

devel oped and not applied or need to be devel oped, but |
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think better, mnimally invasive nonitoring of sone of
t hese questions would really help to informour further
devel opnment and under st andi ng of HBOCs, and for that
matter bl ood transfusion.

| think we need a better understandi ng of HBOC
interactions. 1've already tal ked about fl uids,
anest hetics, shock factors, drugs of abuse is another
area. Actually, Anil CGulati published one rat study which
suggested ethanol can inhibit or alter the vasoactive
response of rats to DCLHb.

Again |I'mnot sure whether those are clinically
rel evant concentrations, but it does raise the question,
what about ot her drugs of abuse? And | don't think this
has been systematically investigated as well. So in
conclusion, | would just state |I haven't tal ked about
bl ood sparing, but | think there is in fact evidence that
HBOCs can reduce the need for bl ood transfusion.

And it is nmy sense, that in fact HBOCs have
benefited sonme patients, admttedly a nunber of these
observations are anecdotal. However, sone patients are
not benefited, and in fact nay be harmed. So it seens to

nme that one of our issues that we need to get at, is how
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we identify better of those two patient popul ations.

| think the field still struggles in conparing
efficacy and safety to a product that after all has never
gone through the kind of approval process that's required
for HBOCs. | personally believe that the adverse effects
of blood are generally under-appreciated and efficacy has
been surprisingly hard to denonstrate, as individuals have
started to do clinical trials with blood in a controlled
random zed types of situations.

And | think new clinical paradignms will be very
hel pful, especially in enmergency area where we are
fighting this very unfortunate distribution of patients.
Despite this, | personally believe that HBOCs still have
enornmous prom se, and that ultimately we will get there;
hope sooner rather than later. So that's it from ne.
Thank you.

(Appl ause)

M5. ALVING Thank you very nmuch, Tim for a
very fine overview Qur |ast speaker for this session is
going to be Joseph De Angelo. And he is the chief
devel opnment officer at Apex, and he al so has had undergrad

and grad training at MT, and has a very strong scientific
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interest in NO

And after his talk, we will collect your cards,
and maybe gi ve you about a 10-m nute break. They can take
10, don't you think? And then we are going to have a
panel, but let's try to get down to maybe sonme of the core

issues. So we look forward to your talk. Thank you.

DEVELOPMENT OF PHP AS AN NO SCAVENGER | N THE TREATMENT OF

DI STRI BUTI VE SHOCK

MR. DE ANGELO Ckay, great. Can everybody hear
me okay? So I'mgoing to be tal king about the devel opnent
of PHP as a nitric oxide scavenger in the treatnent of
di stributive shock. And | want to point out that
di stributive shock; I'mtal king about, really a high
cardiac output, a | ow systenic vascul ar resi stance form of
shock, nost conmmon form being septic shock.

And this is fundanentally different than what
t he ot her speakers have been tal king about in terns of
treati ng hypovolema. So not only our HBOC is different,
but we are not an HBOC, we are treating a different

pati ent popul ation, we have a different nechani sm of
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action, and in particular, we use a nuch |ower dose rate
and dosing reginment.

| want to point out the SOFA scoring systemjust
so that you can get an idea of our patient popul ation.
Basically we define cardiovascul ar dysfunction or
hypot ensi on -- hypotension by the requirenent for
catecholam nes to naintain a blood pressure of 70
mllinmeters of mercury in patients that are adequately
fluid resuscitated.

And if you look at Grade I, Gade IV
cardi ovascul ar failure based on the SOFA analysis, it's
about 15 percent of the I CU adm ssions, which is a
relatively large population in the United States and in
Europe. PHP is pyridoxal at ed henogl obi n pol yoxyet hyl ene
conjugate. |It's a chemcally nodified human henogl obin
that's pyridoxal ated and then conjugated with
pol yoxyet hyl ene.

It has an average nol ecul ar wei ght of about
120, 000. The pol yoxyet hyl ene is bifunctional, and
therefore it can formditetranmers and tritetraners, in
addition to the nonotetraners. This has been di scussed

bef ore, people have expl ai ned about the extravasation of
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nitric -- of the henogl obin and the scavenging of nitric
oxi de.

But what | want to point out in addition is that
t he henogl obin remains extracellular. So the scavengi ng
of nitric oxide is extracellular. And that nmeans that the
tendency will be to interfere with paracrine effects, but
not with autocrine effects. And many of the effects of
nitric oxide are in fact intracrine. So a |lot of the nice
-- NOS isoforns are actually coupled with their signaling
target.

And therefore, not readily accessible to a
extracellular nitric oxide scavenging. Normal |evels of
nitric oxide play inportant physiological roles. There is
absolutely no denial of that. However, when there is
excess nitric oxide, a lot of things can go wong, the
nost obvi ous bei ng vasodil ati on, but excess nitric oxide
pat hol ogi cal levels are al so associated with adrenergic
receptor desensitization, vascular |eak syndrone,

m t ochondrial dysfunction, nyocardi al depression.

Pl atel et activation, now of course we know t hat

normal |evels actually prevent platelet activation, but

excess nitric oxide can al so cause platelet activation.
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So we're not trying to get rid of all of the good effects
of nitric oxide, but we are trying to reduce the excess of
toxic levels that cause the pathophysiol ogical effects.

It's inportant to recognize that in nitric oxide
i nduced shock or distributive shock it is a final kind of
medi ator, which is independent of etiology, independent of
redundant cytoki ne pathways. |t does have direct toxic
and pat hophysi ol ogi cal actions, and you can see an
i mredi ate effect when you use it on a patient. So you
know you are dosing a patient that has excess NO and you
know how nuch to give themand how long to give it for
t henf

We know t hat catechol am ne save lives, but of
course, they like blood, were really never tested in a
random zed phase IIl trial to denonstrate to inproved
nortality. But we also know that they have undesirable
side effects, and probably two of the nobst inportant ones
woul d be the increased myocardi al work, where you could
have sonebody in a hyperdynam c state for days, which is
i ke running a marathon for days.

The ot her being, of course, adrenergic

desensitization, so a | ot of these patients actually
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beconme hyporesponsive to the adrenergi c agents, both al pha
and beta adrenergic agents. This was the first study we
did with PHP in healthy volunteers, and this was a 30-

m nute infusion of either the control 50, 100, or 200
mlligranms per kil ogram per hour.

So | want you to put that in perspective in
terns of dosing of what dose rates that were using versus
dose rates that are being used in the other indications
for HBOCs. There was no effect on nmean arterial pressure
in these patients. However, there was an effect on heart
rate.

Now, there has been di scussi on about the
decrease cardiac output. W didn't have Swan-Ganz in the
heal t hy volunteers, so we don't know what happened to
cardiac output, but if you assume that there was no change
in stroke index, it neans that they had a drop in cardi ac
out put, which was essentially, if you | ook at the graph,
you could see it's essentially dose-dependant decrease in
heart rate.

The nost -- the sinplest explanation of this is
that it's a baroreceptor response. So even though you see

no effect on nmean arterial pressure, the drop in heart
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rate suggests that system c vascul ar resistance is
increasing and that there is a baroreceptor response in
normal s to conpensate for that.

However, when we did the exact sane dose rates
in shock patients, and these were presuned septic shock
patients, which neant that they had a systemc
i nfl ammat ory response syndrome, and they had cat echol am ne
dependant -- fluid-resuscitated catechol am ne dependant
shock.

In this case, the three doses, there is really
no difference at 5 mnutes; you can see between the 100
and 200 m | ligram per kil ogram per hour doses, so the dose
rate has already really plateaued at a 100 m | ligram per
kil ogram per hour in terns of its vasoactivity.

However, at the 200 m | ligram per kil ogram per
hour dose, one patient experienced a 40 mllineter
increase in blood pressure within the first few m nutes,
which resulted in a serious adverse event of pul nonary
hypertensi on and right heart failure.

So we concluded right then and there that this
exceeded a maximumtol erated dose for this indication, and

we did future studies below 100 mlligram per kil ogram per

258



hour dose rates. The next dose ranging study we did,
whi ch was a uncontroll ed open | abel ascendi ng dose study;
it was at 20, 40, and 80, or 80 mlligram per kil ogram per
hour. And here you see that really at this dose rate --
at these dose rates, the change in nean arterial pressure
is much nore nodest, and only reaches a few mllineters of
nmercury at the 8 hour point.

However, if you look at the effect on
cat echol am ne dose, you can see that the 40 and 80
mllimeter -- 40 and 80 mlligram per kil ogram per hour
dose rate groups, all had very simlar reductions and
fairly rapid reductions in catechol am ne doses. The 20
m | ligram per Kkilogram per hour dose was effective, that
was in reducing catecholamne slowy, and it was al so
effective in increasing nmean arterial pressure slightly.

So it was a vasoactive dose that we wanted to
work at for future studies. In animl studies, we had
shown that this dose was effective in naintaining systemc
henmodynam cs wi thout affecting adversely the pul nonary
henmodynam cs, and so we chose to work with that dose in
future studies.

This is the study I'mgoing to spend nost of the
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time tal king about, and | will just say that this isn't
pressed now in critical care nedicine, which is why where
the big blank colum in everybody's tables that have been
presented so far on results.

This was a pl acebo-controll ed, random zed, open
| abel study at 15 sites. It was PHP for standard of care
versus placebo plus standard of care. It was only a study
of 62 patients because we termnated it early because of
protocol design issue. So we had a requirenent for
pul nonary artery catheters, and at the time we started the
study, pulnonary artery catheters were in common use and
they fell into very rapid disuse in the United States.

And we had about 800 screen failures for NO PAC.
So we decided to termnate the study and redesign the
protocol. But we analyzed the data, and |I'I|l present that
now. So this is the inclusion criteria for SIRS, which
was one of the two inclusion criteria. And this is the
inclusion criteria for shock. Again it was basically
fluid resuscitated and a requirenent for a catechol anm ne
to maintain a bl ood pressure.

This is the dosing reginen, again, 20 mlligram

per kil ogram per hour, continuous infusions. W had a
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maxi mum dose wei ght of a 100 kilo and this is to mninze
the dosing. W had a maxi num duration of infusion for 100
hours. W had a standardi zed fluid resuscitation
protocol, a standardi zed vasopressor weani ng protocol, a
st andar di zed PHP weani ng protocol, and a standardi zed vent
weani ng protocol .

The first thing I'll show you is that the
patients with distributive shock were clearly a patient
popul ation that had el evated NO |l evels, the way NOis
general ly neasured in humans is to | ook at plasna
nitrite/nitrate which is the end product, a netabolic end
product of nitric oxide.

The normal range is about -- it averages about
20 mcronol ar, and you could see that essentially all of
the patients exceeded this baseline level. GCetting --
starting to get into sone of the data then, the nmean
arterial pressure was significantly increased within 30
m nutes of the beginning of the PHP infusion. So these
patients are on catechol am nes, at baseline, and so this
is on top of the baseline catechol am nes.

The heart rate al so decreased within 30 m nutes

of PHP infusion and continued out throughout the study.
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In terns of vasopressor use in these patients, we | ooked
at when the first conventional vasopressor was w t hdrawn.
And here I'mjust |ooking at the survivor popul ation,
because it's difficult to integrate patients who die
rapidly in the study in terns of how long they were on a
cat echol am ne.

And if you look at this, the survivors were on
for about 14 hours versus 26 hours on the placebo, which
had a p-value of 0.07. One of the problens in snal
studies and in many studies is the baseline inbal ances,
and this was the baseline APACHE score for these two
di fferent groups, and you can see that the PHP group was -
- were severely ill at baseline based on the APACHE
scores, and that that was consistent for the total group
as well as the subgroup of survivors, and the subgroup of
non- survi vors.

Predom nantly, one of the major factors in the
basel i ne i nbal ance was renal function, and here you coul d
see that -- again this is using SCFA scores, and not
APACHE, but the -- which is based on creatinine |evels.
There were nore Grade Il and above SOFA renal scores in

the PHP survivor group, and there were nore Grade Il and
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Grade IIl in the non-survivors as well conpared to the
pl acebo groups.

So this is a factor that has to be taken into
consi deration when you are actually | ooking at the data,
because the two groups have very different predicted
outcones. This is the Kaplan-Meier survival curve, there
is a divergence that begins early, but out by day 16, the
I ines converge, and remain converged, and one thing | wll
poi nt out about the survival is that if PHP is in fact
treati ng shock, you expect it to have an early effect on
survi val

Because that's when patients are in shock and
are dying of shock. So shock generally results within a
few days or patients do not survive. Wen you break down
the data, there was only a one percent difference at day
28; the maximumnortality difference on day 10, however,
reached 18 percent favoring PHP

The unadj usted risk ratio using a Cox
proportional hazards nodel was 0.9, favoring PHP, with a
very large 95 percent confidence interval, and when we did
the adjusted risk ratio based on prospectively defined

covariates, the adjusted risk ratio was 0.79 favoring PHP
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again with a very large 95 percent confidence interval

And in a study of this size, it's -- | think
it's pretty obvious that we woul d not expect to see a
significant difference in nortality, but at |east we did
not see a nunerically negative trend. One of the
endpoints that we used in this study was based on organ
function, and the way we eval uated organ function was
based on nedical interventions.

So the medical intervention for cardi ovascul ar
dysfunction was vasopressor utilization, the requirenent
for vasopressor utilization. And the intervention for
pul nonary function was nechani cal ventilation, and the use
of these and the weani ng of these was protocol defined, so
we attenpted to standardi ze them

There was a -- and this was basically one of the
primary endpoints, but -- that was originally proposed in
this study. There was a two-day difference in
cardi ovascul ar dysfunction favoring PHP, and a 7-day
difference in vent use, favoring PHP in the survivors, the
conbi nati on of those only attained a p-value of O0.2.

We al so | ooked at other nedical interventions,

not fromthe point of efficacy, but fromthe point of
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safety. So we did not expect PHP to worsen nedical
interventions for liver, kidney coagul ation, or CNS
function. And just for exanple, liver dysfunction was
consi dered, but the nedical intervention for liver
function was considered to be fresh frozen plasma. For

ki dney dysfunction, it was considered to be renal cel

repl acenent therapy, and for coagulation it was considered
to be platelets.

So there were really no differences, PHP was
never worse, nunerically worse than any of those, there is
no difference obviously in the p-values. If you | ook at
the days in the I1CU for the survivors, there was al so a 4-
day difference favoring PHP with a p-value of 0.2, did not
attain significance, but this would be an inportant
outcone for future studies.

One of the criticisns of Xigris by the FDA
advi sory panel was that there was an inprovenent in
survival rate at day 28. However, the surviving patients
remai ned hospitalized. And if you added the deaths plus
hospitalized, the two groups were roughly the sanme for
Xigris. And the FDA advisory board criticized that saying

basically that the drug wasn't effective because the
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patients didn't get better, they just lingered in the
hospi t al

So one of the things we | ooked at was
di scharges. Again, we are tal king about small nunbers,
not hing significant, but this -- again nunerically,
favored PHP in the study and will be an inportant thing to
ook at in future studies. This is just a Kapl an-Meier of
the day -- the survivors in the ICU and you could see the
di vergence that occurs beginning right around day 9 in
terms of survivors getting out of the ICU

This is what survivors on catechol am nes | ook
i ke, you know, they obviously |look like they are totally
convergent lines, but if you really |ook at day 2, there
is a 25 percent difference. There are -- 75 percent of
t he placebo patients are still on catechol anmi ne conpared
to 50 percent in the PHP group.

And again that would be really one day less in
shock or two days less in shock really could have
significant clinical benefit to patients. So it's
sonething that we intend to |l ook at carefully in future
studies. The Kapl an-Meier for survivors on vent is

simlar in many ways to the I CU, Kaplan-Meier, because
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this is one of the things that keeps patients in intensive
care units and this divergence al so begi ns at about day 8.

In terns of safety, if you first |ook at
treat ment emergent non-serious adverse events, there is no
difference wwth a slight positive trend favoring PHP. |f
you | ook at treatnent emergent serious adverse events,
there is no difference with a slight nunerical trend
favori ng PHP.

The one area where we had sone inbal ances was in
cardiac events, and I'll show you three sources of
different | ooks at that data. There is an unblinded
investigator -- this one actually summari zes two of the
di fferent ones, the unblinded investigator that did not
have prospective definitions, a blinded investigator that
had prospective definitions and you could see what energed
was that the investigators called three SAEs for
myocardi al infarcts conpared to zero in the control group
The investigators also called two SAEs for a nyocardi al
i schem a conpared to zero in the control group

If you go to the blinded reviewer however, it
was the opposite. There was one versus five. One thing

that's evident in this is that none of these values are
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really significant in terns of statistics, because of the
smal | sanple size, but there is definitely a difference of
opi ni on between the blinded reviewers and the unblinded
reviewers, and that's sonmething we'll have to deal with in
future trials.

This was sonething that we published in the
critical care nmedicine article and the reviewers were
somewhat critical of this, because our blinded reviewer
was a single blinded reviewer. So we repeated this
exercise just to satisfy ourselves. W used blinded
adj udi cated review using the current international
consensus definition of myocardial infarcts.

And they -- the blinded adjudicated reviewers
basically asked all these different questions. The first
guestion of course is, is there a change in cardiac
bi omarkers, preferably troponin, and what you can see
first of all is that there are a |lot of troponin
abnormalities in this patient popul ation.

The ECG changes were two in PHP versus four in
pl acebo, and this is based on the consensus definition.
So this involves ST-T changes. So this is |ooking for

STEM basically. In terns of ECG show ng devel opnent of

268



pat hol ogi cal Q waves, it was zero versus two. W had no

i magi ng evidence, so there was none. There were no sudden
unexpected cardiac deaths in either group. There was no
PCl .

There were no pat hol ogi cal findings, because we
didn't do pathology in this study. Another thing to note
was that there was evidence of pretreatnent nyocardi al
infarction in five versus three of the patients in terns
of pat hol ogi cal Q waves on pretreatnment ECGs.

And finally, when they did the assessnent of
whet her M's occurred or not based on whether there was a
abnornmal cardi ac bi omarker and an abnormal ECG fi ndi ng,
and again it was two versus four, PHP versus placebo. So
what can we really say? Wll, you know, the unblinded
i nvestigator -- none of these can be ignored, and |I' m not
trying to ignore any of them but the reality is the
unbl i nded i nvestigator found an excess of Ms, nyocardi al
i schem a.

The two unblinded found it to be the other way,
and | think what we can really conclude is that we can't
make a firm concl usi on based on this data set, because it

is too small and because we didn't use a prospective
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definition of an M that would be uniformthroughout the
st udy.

So that was a deficiency in protocol design, so
future studies will require a blinded adjudicated revi ew
of all cardiac events using a prospective protocol defined
definition. 1In ternms of selected treatnent energent SAEs,
| threw these in after a |ot of publication started com ng
out citing certain areas of concern.

There was no inbal ance in renal and urinary
di sorders. There was no inmbalance in respiratory thoracic
and nedi astinal disorders. |In terns of treatnent energent
adverse events, there was no inbal ance in
t hronbocyt openi as, no inbal ance in afibs, some maybe a
trend in bradycardias four versus one, one pancreatitis
versus zero, | don't think we could say nmuch about that.

And two, decreased cardi ac i ndexes versus zero
in the PHP conpared to the placebo. Again, these are
adverse events though and not serious adverse events. So
they are not life-threatening or potentially causing any
long-termnorbidity in these patients.

Continuing with nore of the selected treatnent

energent AEs there was no apparent inbalance in the renal
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and urinary disorders, or in the respiratory, thoracic,
and nedi astinal disorders. And in ternms of vascul ar
di sorders, there were possibly nore hypertensive-type
events versus nore hypotensive type of events, which again
is what you m ght expect considering we are using a
vasoactive substance to treat hypotension

One thing about the severity of pul nonary
treatment energent AEs is that there were equal nunbers,
but there actually were nore severe ones in the placebo
group, not serious, but severe versus noderate or mld.
So that pretty nuch covers everything | can tell you about
t he adverse event profile and the study.

| f you | ook at the henbdynam cs based on the
pul nronary artery catheter data, this is nean pul nonary
artery pressure, there was a slight increase. However,
what | did also will show you the paired data, there is a
| ot of mssing data in these studies. It's difficult with
these patients in their critical state to collect all the
sanples all the time. And pulnonary artery catheters are
particularly difficult to use in these patients.

So there is mssing data. So |I'mal so showing a

pai red data here for mean pul nonary artery pressure and
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there is no neaningful difference there. A cardiac index
does drop, this is the paired data. You could see the

drop in cardiac index that occurs very quickly within the
first hour. However, there is no change in stroke index.

This is the paired data in stroke index. And
that's inportant if you are tal ki ng about cardiotoxicity,
because a drop in heart rate without any effect on
myocardi al contractility, which would be reflected in
stroke index, would not be suggested |I think of a
car di ot oxi ¢ event.

In terns of Phase IIll design criteria, what
we're | ooking for is a population that has excess nitric
oxi de, distributive shock defines this popul ation, but the
excess nitric oxide should also be related to the outcone
and in this case, we are going to look at nortality. And
not all nortality and distributive shock is due to excess
nitric oxide or even to shock.

So the patient population we're |ooking for
shoul d be a subset of distributive shock, where nortality
is attributable to shock unresponsive to standard of care,
which is catecholamnes. |[|'ll go through this very

gui ckly just to give you an idea of our thinking on this.
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This was a study done by Bruno Levy (phonetic)
and col | aborators in France, at ten sites in France wth a
110 patients. And they did a dopam ne chal |l enge of
patients that were going into shock. And if these
patients responded to the dopam ne chall enge, they were
put into the dopam ne, the dopam ne responder group, and
if they were non-responsive, they were put into the other
group.

The difference in Kaplan-Meier is rather
staggering. The overall 28-day nortality in this group
t hat responded to dopam ne chal |l enge was about 16 percent
conpared to 78 percent nortality in the group that did not
respond. And we felt that this was potentially a very
good way of finding the patient population that we are
| ooking for, which is one that has a high nortality due to

failure of catechol am ne therapy.

W wanted to confirmthis in a |arger database,
in a different database, so we were actually very fortunate
that Dr. Nandakumar (phonetic) is a collaborator in CATSS
which is the Cooperative Antimcrobial Therapy in Septic
Shock study group. It's a database of about 5,715 --

exactly, as a matter of fact, 5,715 septic shock patients
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from26 sites in the U S., Canada, and Saudi Arabia. There
are some abstracts published, but the (inaudible) was a
per sonal conmuni cation

We first of all |ooked at validating the Dopam ne
chal I enge that was observed in the Bruno Levy study. And
you coul d see the Kaplan-Meiers of the two different
groups. The Kapl an-Mei er for the non-responder group is
al nost identical to the one reported by Bruno Levy; very
rapid nortality within the first few days, and overall
about a 75 percent nortality -- close to 75 to 80 percent
nortality by day 28.

The difference between the two groups here is
that the Dopam ne responders also had a higher nortality in
this particular group than in the Bruno Levy study. One of
t he things that happens to us all the tinme is that standard
of care changes while we're planning our study. And one of
the things that's happening right nowis that Dopam ne is
falling into disuse as first-line presser in treating
di stributive shock and norepi nephrine is becom ng the
favored first-line presser.

There is no good evidence that norepinephrine is

superior to Dopanmine in terns of nortality effects, but
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it's a stronger presser, and fewer patients fail to respond
to norepi nephrine. And for that reason, there is a
tendency for clinicians to use norepinephrine as first

l'ine.

So what we did then was | ook at the exact sane
dat abase, and this tinme | ook at norepinephrine first-Iline
use. And in this case, there was about 3,285 patients in
t he dat abase that received norepinephrine in the first 24
hours of treatnment. | should point out that we're only
| ooking at first 24 hours of treatnent and not beyond,
because we want to get patients as early as possible.

And this is what the Kapl an-Meier |ooks |ike for
this population. So this population is alnost -- this
Kapl an- Mei er is essentially super-inposable on the Dopani ne
groups that | showed earlier. So it suggests that in fact
we coul d use a norepinephrine-resistant distributive shock
subset to define our patient population. And that's the
direction that we're noving in, in our clinical trial.

Qur proposal for a Phase Ill, then, is to do a
pl acebo-control | ed, random zed, open-I|abel ed, (inaudible)
mul ti nati onal study, PHP plus standard of care versus

pl acebo plus standard of care. W wll predict the control
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nortality of about 70 percent, and have powered it to CA
(phonetic) what we consider to be a clinically significant
effect on nortality.

This will be -- a data-nonitoring board w ||
provi de safety oversight. There will be informed consent
required in this study, and there will be blind and
adj udi cator review of cardiac events by a independent
panel. The objectives are to conpare nortality at day 28
and to conpare safety in ternms of adverse event and serious
adverse events.

The inclusion criteria are SIRS and shock which
will be defined as adequate fluid resuscitation which is
protocol defined, and a catechol am ne-resi stant shock which
will be as | showed you in the slide fromthe CATSS
dat abase.

The dosing again is .25 mlliliters per kil ogram
per hour, which is equivalent to 20 mlligrans of
henmogl obi n per kil ogram per hour conti nuous i nfusion.
Standard fluid resuscitation protocol, standard vasopressor
weani ng protocol, and a standard PHP weani ng protocol and a
standard vent weaning protocol. Al protocol defined and

foll owed by investigators.
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So | just want to conclude by saying that | think
that the potential benefit of reducing nortality in a --
essentially a popul ati on where standard of care fails, and
there is no treatnent. That reduction of nortality
conpared to any risk observed to date in conpl eted studies
of PHP is favorable.

And so far, our protocol has been reviewed, our
study was revi ewed by our data-nonitoring board, and they
recommended Phase |11 study. And the current protocol has
been reviewed by a study advisory board of international
critical care experts as well as our data -- a new dat a-
nonitoring board. And so that is where we are at right
now. Thank you.

(Appl ause)

M5. ALVING | think it's very brave of you to
pursue shock. That's been a challenge for nmultiple
conpanies that's -- over the years. Let's now take about a
5-m nute break. You could even just stand up and stay in
this room 1'd like the speakers to cone up here. W are
getting the cards. Please deliver your cards.

Those of you who work at the FDA, please be

avai lable. You nmay be called on for a little bit of advice
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| est we give out msleading informati on about what the FDA
can do. And we'll resune in about 5 m nutes.

(Recess)

M5. ALVING Can we pl ease have the panel cone up
and can we take our seats, because there are lots of little
white cards waiting for the panel menbers. And we also are
going to have a very short discourse on biostatistics, and
SO we're going to get a |lot of questions just out of the
way right off.

(Pause)

M5. ALVING Ckay. Good. Let's just start out.

There are nultiple cards for everybody. And what | thought

we'd start out with is just ask Tim-- Tim has about five
or six cards, but we'd |like himto answer the nost -- well,
maybe sone of the nost interesting ones. |If you have

witten Dr. Estep a card and you don't get your answer,
pl ease tackle himat the end of this session.

But basically, Tim why don't you answer, you
know, why exactly did the Baxter study stop and what went

on with the reconbi nant henogl obi n of Somat ogen?

PANEL DI SCUSSI ON

278



MR. ESTEP: Thank you for inviting people to
attack nme. | appreciate that.

SPEAKER. (O f nmike)?

MR. ESTEP: (Of mke). |I'mgetting signals --
the m crophone. So that's unfortunate.

(Laught er)

MR ESTEP: Is this better?

SPEAKER: (O f m ke).

MR. ESTEP: 1'mgoing to try this -- how about
this one? Howis this one?

(Appl ause)

MR. ESTEP: Let ne begin again. Wy did Baxter
stop? Well, as | was saying, with the HemAssist if that
was what it was being directed to, it was because we woul d
have had to go back -- even if we continued devel opnent of
t hat product, we would have to go back, restart a different
clinical trial because the futility analysis that was done
by the independent data safety nonitoring conmttee
suggested there was a |l ess than one in two thousand chance
we woul d be successful with that study.

And we becane | ess enthusiastic about the effects
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of vasoactivity. W actually thought it was an advant age
on the basis of a ot of our preclinical studies with
regard to the redirection of blood flowto critical organs,
and actually sonme of the things Dr. G eenburg nentioned
that they found with their HBOC and -- so that was one
factor.

The other factor was we were -- this was al
occurring when we were acquiring Somatogen and the ability
to nodi fy henoglobin with reconbi nant techni ques, which
opens up a lot of other possibilities. And specifically
t hey had been working on a technology with input fromDr.
A son who is here, to inherently nodul ate and reduce the
rate of interaction with NO which we --

So we basically decided to start with a white
sheet of paper knowi ng what we had | earned and ot her peopl e
| earned, and devel op a second generation reconbi nant - based
product. Now, with regard to the reconbi nant-based
products, the Somatogen sort of equivalent to HemAssi st was
Optro, and we term nated devel opnent of that because it
basically had the sane kinds of characteristics as
HemAssi st .

It was also a stabilized tetraneric nol ecule. So
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we spent the next several years devel opi ng a reconbi nant
product which was polynerized and nmutated to inherently
reduce the rate of interaction with NO specifically to
address cardi ac | esions, vasoactivity, G effects. | was
actual ly amazed at how nmany things were nade better by

i nherently reducing the rate of interaction with NO at

| east in our preclinical nodels.

Unfortunately, somewhere along the way, we
created a problemthat we didn't have with first generation
product. W did a couple of what turned out to be a very
small Phase | clinical trials with the second gen
reconbi nant product, and we saw a conpl enent activation.
W saw it at very low doses. It was evident clinically, it
was evi dent biochem cally.

So we think what happened was that we
i nadvertently created an epitope that kicked off that
system And that was particularly frustrating, because we
worried about that. W did -- and this is going to be a
famliar refrain, but we did a lot of in vitro and in vivo
preclinical testing to see whether that would be an i ssue.
We did not see a signal in those nodels, but we saw a

signal in man.
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So that was al so about the tinme that Baxter
stopped hitting its quarterly nunbers. It was not a very
good time to be flunking out of clinical trials with the
project. And the conpany underwent a nmjor reorgani zation,
but they decided not to do that anynore. So that's why
t hat was st opped.

Anot her question why HBOCs woul d produce
vasoconstriction in some vessels but not in others, ny
sinmplistic opinion -- and actually, | think there is sone
evidence for that -- is that different vessels use the
constitutive production of NOto different degrees to
regul ate honeostasis. | believe this has been observed in
a variety of different tissues.

So if what you're doing primarily is getting rid
of NO, then you woul d expect the response to vary from
vessel to vessel, tissue to tissue, different species. And
| think that's at least to a first approximtion what we
saw and why you get different responses. There may be
ot her nechani snms, but the facts are that we | ooked at, that
the responses are different in different organs and
di fferent vessels.

So -- and | think that's inportant to keep in
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mnd. This is not a universal effect across all those

different tissues.

M5. ALVING (Of mke) 1'"'mgoing to give -- I'm
going to let you rest for a little while --. W want to
gi ve everybody equal opportunity here to get a little -- if

you have not had your questions answered, again, please see
t he panel nenbers at the end.

kay, Dr. Keipert, | want to toss a couple of
guestions your way. Do you have any evidence from your
clinical trials that Henbspan is acting to deliver oxygen
rather than just acting as a volune expander? |Is this an
expensi ve vol ume expander ?

MR. KEI PERT: Well, at the nmonent, you know, from
the way the trials are designed, | nean clearly the primry
mechanism if you will, that we're going after, is |ooking
at hypotension as a surrogate marker of Hypovol em a.

MB. ALVING (Of mke.)

MR. KEIPERT: Al right. No, we're using
hypot ensi on as a surrogate marker of the henodynam c effect
and the vol une expansi on of the product. So at the nonent,
it's correct that the trials were focused on -- the primry

endpoint is focused nore on the plasnma-expandi ng capability
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of the product.

I n di scussions with EMEA, one of the points they
made is that they wanted to show -- we have to obviously
show sone kind of clinical benefit for approval. And
because of that, we devel oped secondary endpoints, two of
whi ch are conposite endpoints for organ dysfunction and
organ failure.

And the reason they're conposite endpoints is
because these patients tend to be fairly healthy, so the
i ncidence rate of serious conplications tends to be fairly
l ow. And conposite endpoints |ooking at organ function or
organ dysfunction, there we believe that if we have
prof usi on of these organs and good oxygenation in the face
or in the absence of hypotension, that with a |arge enough
study we woul d hopefully be able to show sone benefits,
sonme decrease in norbidity or perioperative conplication.

So that's the part of the trial that denonstrates

addi tional benefit beyond just inply some expansion

capability.

M5. ALVING Wy is this being -- is this being
done in United States as well, or have you thought about
it?
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MR KEIPERT: The reason nost of the trials are
much further ahead in Europe is just the sort of the
hi story of the devel opnent of the product. A lot of the
work was originally done in Sweden at the Karolinska, the
preclinical work. And that naturally evolved into
di scussions wth the MPA and encouraged us to get into
Phase | trials. So before we knew it, we were doing Phase
| trials and Phase Il trials at the Karolinska.

Meanwhile, an IND was filed in the U S. which |ed
to the radical prostatectony trial at Hopkins that took a

much | onger period of time both initially to get the trial

started and also to run the trial. So in the tinme it's
taken us to run one single center Phase Il study in the
US., we've essentially run Phase Il and Phase IIl in
Eur ope.

That's partly, you know, the regulatory
environnment, it's partly just the clinical devel opment that
we had done over there that allows to go further. But it's
certainly our intent to continue doing these studies both
in Europe and in the U S.

M5. ALVING What's the status of the trial that

was run at Hopkins?
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MR. KEI PERT: That trial has conpl eted enrol nent
of patients. W are close to database |og; we haven't
actually seen all the data yet, although we certainly know
about the safety findings. But it's not published yet
because we haven't unl ocked the database yet.

M5. ALVING Ckay. Let's give you a rest for a
while. Let's go to Biopure and Dr. G eenburg. Could you
comment on the comrercial use of your product in South
Africa? And also, let's just say do you see any probl ens
with safety, efficacy as you continue your trial or your
studies in South Africa?

MR. GREENBURG We are currently running two
trials in South Africa and it is in comercial use. And
woul d prefer Dr. Levian (phonetic) to get up here and talk
about his experience and the experience that he reported
| ast evening. Wth over 480 patients treated, no issues
wi t h managenent of vasoactivities reflected in bl ood
pressure, no SAEs reported, no nyocardial infarctions, none
of those things.

The two working trials are a trauma trial HEM
125. It's an in-hospital trauma trial. Results of the

first 22 patients were presented at BPAC i n Decenber of
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2006. That trial is still recruiting, and they are running
atrial in cardiac surgery preload -- before going on the
punp, a cardi opul nonary bypass. And we do not have nuch
data fromthat.

W did finish a study, a closer study there in
limb anputation and di abetics. W're analyzing sone of
that data which we find interesting. That's our clinical
experience in South Africa at the nonent.

M5. ALVING So you're not seeing excessive
reports of M or -- in sone part of the --

MR. GREENBURG | think if we were seeing -- if
t hey were happeni ng, we woul d be seeing. The product is
being used in the larger cities. W understand it's being
used in the smaller towns, in the bigger hospitals. |It's
being used for the first tine by many people. Sales are
going up. It -- they like it. | nean | get reports and we
can tell you what the social aura if you liKke.

Weekly, there are reports in the newsletter that
says the patient was -- this was done or that was done and
it's all very, very good. W also have sone interesting
anecdotes that conme out, but not necessarily related to the

patients, but certainly things we should consider. And
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they're using it in a wide variety of patients.

W understand there is one surgeon who is so
inpressed with its use that he tends to prefer it over
blood at this point. 1In many of these hospitals there is
no bl ood avail able readily, no blood available within a few
hours, and it's being used. The product is there.

M5. ALVING Thank you very much. You may have
noticed an extra panelist down at the end of the table
there. This is Dr. Tom Flem ng who's actually going to be
on a panel tonmorrow. But he is topnotch biostatistician
fromthe University of Washington. And he's been |istening
to this entire session very carefully.

And | thought that he could perhaps give us sone
of his inpression of what he's heard fromthe point of view
of biostatistics and |ooking at clinical trial data.
mean |'m hearing words |ike "protocol"” and how there's been
sonme adj udi cation and was sort of wondering howis this all
done within the realmof clinical trials. And naybe Tom
can give us sone framework with which to eval uate sone of
the tal ks we' ve heard.

MR. FLEM NG Thank you. What 1'd like to do is

just take a few mnutes. W were talking after the break,
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and | was nentioning that we've had a | ot of discussion

t oday about design of trials, conduct of trials, and
analysis. And there are a |ot of conplexities that we need
to keep in mnd when we are interpreting data.

And | was indicating what woul d have been great
is if we would have not only had the presentations that we
did, but had critiques of these presentations that were set
up, after people had a chance to really go through the
protocols, the SAPs, and the clinical study reports in
depth and to hear the reports from people that essentially
are looking at data in an independent way.

| always say when | read a protocol and the
obj ective of the protocol is to show HBOC is effective,
al wvays say, well, the goal of clinical research isn't to
show it's effective, it's to evaluate whether it's
effective. And that distinction is critical to
objectivity.

And so ny disclainer is | didn't review all these
materials in advance, although | did serve on the HBOC- 201
Bl ood Products Advisory Conmttee in Decenber. So | did
get a chance to see those data in nore depth. But | would

like to just take a couple m nutes.
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And I'Il try to be objective here and comrent on
each of the presentations but just very briefly to bring
out sone of the issues | think we do need to keep in mnd
as we try to understand the interpretability and
reliability of the results. So starting with the
Sangart/Bi opure, we saw in principle two major clinical
trials that had 830 patients for prevention and treatnent
of hypot ensi on.

Earlier in the day, Col dkind had presented, and
specifically in section 50.24 the quote that risks are --
need to be reasonable in relationship to the antici pated
benefit. Everything is benefit torisk. So if you're
showi ng that you're preventing nortality or reverse
norbi dity, you have a nmuch hi gher bar for what's acceptable
for risk.

I f you' re showi ng as inportant as prevention of
hypotension is, it's not the sane as establishing
beneficial effects on norbidity and nortality. And so when
the totality of the HBOC data do provide at |east a clear
signal of major norbidity and nortality risks, it seens
that if you're going to do a trial that shows an effect on

hypotension, it's inportant to not sinply |ook in that
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trial and find out whether there is evidence of excess harm
in norbidity and nortality.

The old issue is absence of evidence isn't
evi dence of absence. |If there is a signal for excess risk,
what one needs to do is to have sufficient data to rule out
maj or norbidity and nortality effects which if real, would
of fset the beneficial effects on reducing hypotension.

And an exanple of this, nbst of you |'msure are
famliar with this. Erythropoetins that have been given 10
mllion doses in renal disease and anem a and chenot her apy-
i nduced anem a. And they do reduce red bl ood cel
transfusions. But the evidence now indicates that there is
potentially a 5 to 15 percent increase in nortality and an
established 45 percent relative increase in thronbotic
events.

So that sponsor is conducting a trial of 7,000
people for 5,000 deaths to rule out -- to determ ne whet her
they can rule out a 10 to 15 percent increase in nortality.
That's evidence. It's ruling out an excess. Going on to
the Northfield Pol yHene di scussion, the 171-patient trial
with historical controls needs to be credibly cautiously

interpreted in the absence of random zati on.
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Fortunately, there is a random zed trial. It's
Pol yHenme plus red bl ood cells against crystalloid plus red
blood cells. And this is correctly identified to be a
superiority trial and a non-inferiority trial. You can do
both at the sane time. But to do non-inferiority, you' ve
got to justify the margin. Essentially in this case, to do
a valid non-inferiority trial essentially is Pol yHenme not
inferior to crystall oid.

To justify that, you have to know t hat
crystalloid provides a nmajor benefit, and then you have to
argue what |evel of benefit could you allowto be lost with
Pol yHeme before it's clinically meaningful. Because al
non-inferiority does, is it establishes that you're not
unaccept ably worse than crystall oid.

And so typically to do that, your agent Pol yHene
has to be established to have a better safety profile,
better conveni ence, better cost structure than crystalloid
to justify that. And | didn't hear that nature of that
justification. But there was also an argunent when the ITT
analysis was in the wong direction -- 47 deat hs agai nst 35
-- that we could do a per-protocol analysis.

And there is a big debate about those two types
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of analyses. But the reason that there is a big debate is
that in a non-inferiority trial, if there is noise in
adherence between the active conparator and the
experinmental, it can dilute true differences.

So the concern with ITT is if PolyHene is really
worse than crystalloid, but the PolyHene patients have
cross-in's fromcrystalloid, or the crystalloid patients
are an underadherent, then that noise coul d make Pol yHere
| ook the sane as crystalloid when its really worse. For
t hat reason, people have gone to per protocol anal yses as
backup anal yses.

It's because the worry is the ITT analysis w |l
make you | ook better than you are. In this case, the ITT
analysis is worse. And the argunent that you can drop
t hese patients out and do a per-protocol analysis is the
exact reversal of what it is that justifies deviating from
an | TT analysis. The patients that were dropped out had a
23 percent death rate on Pol yHeme and 11 percent death rate
on crystall oid.

Not a neutral result that was deluding it, that's
where the signal was. So it makes no sense in this case to

do a per-protocol analysis. Very quickly in the Apex -- |
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was on the (inaudible) advisory board. And in fact, it's
correct to note that we were concerned that there was a 6
percent difference in nortality but only a 1 percent
difference in being alive out of the hospital.

So the essence of the goal here was to get
t hrough the acute risk to show that you're inproving
nortality through the acute risk. And for that reason, a
ti me-to-event anal ysis showi ng that even though there is no
difference in 28-day nortality, there was a difference of
10 days woul d be viewed sinply irrel evant.

The issue isn't can you keep someone in intensive
care a few nore days before they die, it's can you get them
t hrough the acute risk. So that (inaudible) regression
anal ysis really wouldn't be the proper analysis for that
dataset. We heard about the -- as we had seen back in 2006
on the FDA advisory cormittee, we heard today from Dr.
Greenburg agai n about the HBOC-201 red bl ood cel
conparison in the HEM 0115 trial which does show a signal.

It does show a signal for excess risk and in
particular the SAEs are relatively 50 percent nore
frequent. And the issue is as these anal yses, exploratory

anal yses were done to try to see if we could explain why,
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there was a focus on the 40 percent that required red bl ood
cell transfusion, the 60 percent that didn't.

And when you break it out that way, the 60
percent that didn't only had a .14 SAE rate per patient.

But you can't conpare those patients with that rate to the
control armrate, because essentially those patients that
didn't need transfusions are inherently different, probably
i nherently better, and their controls would have been

i nherently better.

So it's an interesting suggestion, but one has to
interpret that really with great caution. And there was a
further analysis that defined a henogl obin deficit -- the
area under a line for anemia. And then there was anal ysis
t hat anal yzed whet her or not HBOC-201 was still a predictor
of ischemc -- cardiac ischem c AEs even after adjusting
for this negative effect on henoglobin deficit.

So it's inportant to renmenber that that analysis
doesn't | ead you to concl ude whet her henogl obin 201 is
neutral. It's whether it has additional adverse events --
effects in addition to those nedi ated through its negative
effects on henoglobin deficit. And the henogl obin deficit

doesn't necessarily represent only a mechani sm of
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under dosi ng.

It could be that those patients are in fact al so
inherently different, and there could be other causal
factors for those patients doing badly. There were
subgroup anal yses by age. And | guess the bottomline to
this is all of these analyses are interesting hypothesis-
generating anal yses. They have to be viewed with great
cauti on.

It's the -- ITT analysis is truly the one that
gi ves you the nost reliable sense about causality.

Ei nstein was quoted to say not everything that can be
counted counts. But | suspect that even a physicist would
know t hat death, M, cardiac arrest, and CVA, count. Those
are the events that do count. | was on the FDA Bl ood
Products Advisory Conmtt ee.

| didn't vote for this Phase Ill trial to be
done. Now | think | did vote for the Phase Il, because |
did find these hypot hesi s-generati ng anal yses to be of
interest. But they do need to be interpreted with great
caution. And | think the statenment that it's unlikely that
HBOC- 201 has intrinsic cardiotoxicity is a strong statenent

based on t hese post-hoc anal yses.
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My last comment is in the Baxter henorrhagic
shock trials that were done where there was quite a signal
for nortality. The trial was stopped 45 percent against 15
percent. To state that it was 40 percent nortality
historically doesn't weigh very much. The reason | do a
random zed conparative trial is that historical estinmates
don't necessarily apply to the context of the trial.

There was a statenent made that's undoubtedly
true, and that is HBOC appears to benefit sone patients and
maybe harm others. O course the challenge is which are
which. And it's very easy to do post-hoc anal yses and
identify who those people are that seemingly weren't --
identify -- benefited who those or that were benefited, but
you're fitting noise.

And so it's extrenely inportant to distinguish a
post-hoc anal ysis versus one that was truly prospectively
established. And | guess the |ast statenment | would make
is if you torture the data, it wll confess.

M5. ALVING Are there any questions? Are there
any answers? | think -- thank you very much, Tom really,
and it -- | mean | think it just shows the conplexity of

what we all face.
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And | think it's fair to ask the FDA that the
data cone in, the analyses conme in fromthe manufacturers
and then you at the FDA -- and I'm | ooking at Jay, he could
be the spokesperson if you will -- you |l ook at the data,
you | ook at the anal yses, but you often will repeat the
anal yses, you'll ask for nore data, so it's really an
iterative process. Am|l correct in saying this?

MR. EPSTEIN. Well, basically yes. What the FDA
will dois first of all challenge the dataset, (off m ke)
valid dataset. W will resolve differences of
interpretation between ourselves and sponsors and nore
often than not, we will also do our own statisti cal
anal yses sonetinmes with the sane nodel, sonetinmes with
ot her nmodels. This was not working? Can | be heard?

Rai se your hands at the back.

M5. ALVING No -- okay.

MR. EPSTEIN. So again, yes, FDA will invariably
seek to validate the dataset to assure that discrepancies,
om ssions, inconsistencies are resolved. W will typically
do our own statistical analysis. Usually we will attenpt
to reproduce the nethodol ogy that was agreed upon in the

study plan, and sonetinmes we will do additional analyses
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t hat appear to be inportant.

And we will try to resolve disparities in our
findings and interpretations with those of the sponsors.
So, you know, that's the |ong answer but the short answer
is yes, we do reanal yze the data.

M5. ALVING Thank you very nuch --

MR GREENBURG Can | nmake a comment to Dr.
Fleming's coment? | think | have to. Dr. Fleming is a
brilliant biostatistician, and | appreciate all he's done
inthe field. And | certainly was present when he proposed
that we do -- go forward with a Phase Il trial for Resus in
the Navy, and that was very nice of you to do that.

| cone froma different world. | cone froma
clinical world. And when say that there is things that
could be counted, |I have no problemcounting them | do
have a probl em associ ating counting those events with the
i nfusion of 500 ccs of the Biopure product and the
evolution of a nyocardial infarction that is a papillary
nmuscl e rupture in an 86-year-old patient who has received
20 liters of fluid.

| don't think my product did that froma clinical

perspective. And | think I"'mentitled to explain
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clinically why things happen. And | know that's not the
rules of the intent-to-treat analysis. But in other worlds
of analysis, quality measures, clinical evaluation,

mal practice suits, these things conme up.

And | think | would like to say that |'ve | ooked
at this analysis, |I've |ooked at it very hard, |'ve | ooked
at these patients, and there are clinical things that
happened in these patients that | see everyday. Your
intent-to-treat analysis doesn't necessarily take into
account the risk that if you' re 85 years old and having
your hip or knee replaced, that there are | ots of other
t hi ngs that happen, there are baseline references that
shoul d conme out.

W all don't have the luxury of doing trials that
include 7 to 10,000 patients which is what we all would
like to seek and all we can do is what we've done.

M5. ALVING Rebuttal.

MR. FLEM NG Just a quick comment. It is al nost
certainly the case that in, for exanple, the HEM 0115 tri al
or any other trials of HBOC-201 that when deaths occur,
they weren't all due to or exacerbated by HBOC-201. And

the sane is true for Ms. There are, in fact, multiple
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mechani snms of the di sease process that influence risk for
out cones.

There are also nultiple nechanisns of
intervention that influence its induced outcome. Some of
them are the intended nechani sns; sone of them were
uni nt ended nmechanisnms. And to ultimately be able to
determ ne which of that multiplicity of di sease nmechani sns
and treatnment nechani snms actually caused a given patient to
die or to have an M, is usually beyond the |evel of
science as we currently know it.

And so a random zed | TT analysis is the nost
direct way to understand the totality of those nmechanisns
in a causal fashion. So what | can say is when |'ve
random zed and | have persuasive evidence of differences
that this in fact reflects a causal relationship -- if
those differences are in the right direction it's causal --
it's evidence of causal benefit, in the wong direction,
evi dence of causal harm

And | can do ny best to try to assign cause, was
this treatnent related or not. But |'ve been on 200 dat a-
nmonitoring commttees, and | can tell you repeatedly on

data-nonitoring commttees we | ook at large-scale trials
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and we're | ooking at the safety profile and you | ook at
events that are in fact called "drug related.”

You frequently see many drug-related events in
the placebo arm And you al so see excess events that are
clearly an excess of the treatment armthat aren't being
called "drug rel ated" because the nechani smthrough which
it was induced was not understood. And so | conpletely
endorse all of the in-depth attenpts that you made to go
beyond the ITT analysis to try to understand in a
hypot hesi s- generati ng node.

But it's that ITT analysis that provides us the
nost reliable way to determ ne what is causally treatnent-

i nduced versus what's due to the di sease process.

M5. ALVING | think I would like to say nmaybe
one word to Dr. Biro about animal nodels. | would like to
take -- well, some degree of exception, | think, saying

that we haven't really had ani nal nodels that have | ooked
at safety. | think many of us have done that, and

soneti nes we' ve had ani mal nodels where we wanted to | ook
at one type of interaction w th henogl obi n-based oxygen
carriers, and found that because of the adverse event or

side effect, we had to study that instead.
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And | think one of the problenms -- one of the
chal l enges with animal nodels is do we want to believe what
they are telling us. And | think this is even true in our
Phase | studies with normal volunteers. | nmean -- so a
normal vol unteer who gets an HBOC gets a little bit of
dyspepsia. So is that a big deal? |Is that just a side
effect? O is that an om nous sign of things to conme?

And | think there's no one answer for this. |It's
a matter of judgnent. And often |ooking back, we can say,
well, that's -- we were getting those nessages. So | think
it will be interesting as we go forward, to say what are
some ways that we can really approach these issues, and
they're not really -- | think they're generic issues. How
can the FDA help with this?

I n other words, perhaps set up a |evel playing
field for really good animal nodels with access to the
mat eri al s that manufacturers can provide, and then study in
a neutral fashion with neutral feedback. And we're going
to continue, | think, to have to go fromanimal nodels to
clinical trials or clinical studies back to animl nodels
again. |It's going to be a constantly iterative process.

So having said ny piece on that, we've got al
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t hese ot her pieces of paper. Maybe we could just start
with you, Peter, and if you want to just answer naybe your
favorite question, and then we'll go on down the line here.
And then we could probably do the rest of this out in the
hal | way, unless you would Iike us to continue | onger.

Whi ch woul d you |ike?

MR. KEIPERT: Al right. Wll, there's obviously
way too many here to answer in the panel. But there is --
there are several that relate to the PEG and since the PEG
is going to be a unique conponent of this material, "1l
make a comment on PEG and PEG netabolism and antibodies to
PEG. | mean we've done studies when the henoglobin is
taken up within the RES and netabol i zed.

The PEG is then excreted through the urine. So
there are ot her PEGyl ated conpounds that are FDA-approved
drugs, or there have been studies on PEG netabolismand PEG
in fact does get excreted fromthe body. The -- we've also
done a talk study injecting extrenmely high doses of the
(i naudi bl e) activated PEG the active reagent that we use so
that if there were to be any free residual activated PEG in
the formulation, we could |look at the toxicity.

So we injected huge doses of the free PEG and saw
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no evidence of toxicity. So I thought | would just
encapsul ate those two questions quickly to answer those and
any other questions |I'll be happy to answer during coffee
breaks and | unch.

MR, GOULD: Well, | have no questions there, so -

M5. ALVING Well, that wasn't (off mke).

MR, ABUCHOWBKI: Ckay. | have a question about
t he henorrhagi c shocks, that is the species, the dose,
endpoi nts, and to define oxygen debt. This was a PEG of 45
-- approximately 45-kilo PEG that is very highly
instrunmented; this is a very severe nodel. The aninals
are, of course, anesthetized. They are shocked with a
captive bolt into the head of the fenur and both of them
four tines.

And then they are bled very rapidly to reach an
oxygen debt of 80 ccs per kg. They are bled -- probably
Wi thin about 10-m nute period they are bled out. And so
this mimcs what m ght happen to a soldier in the field.
The dose that we give these animals is a 500 cc dose. They
| ose, in actuality, about 1.2 or 1.4 liters of blood. They

just get back the 500 ccs.
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W' ve al so done over 250 ccs with fairly simlar
results. The endpoint is repaynent of oxygen debt. What
is the oxygen debt? As | said, these aninmals are very
highly instrumented, and the animals are fitted over their
mouth so that all of the oxygen that goes in and all the
oxygen that comes out is neasured.

So they're not open to breathe air; so oxygen
that is nerely the difference between the resting oxygen
rate and the anmobunt of oxygen that is utilized by the
ani mal during the Hypovolemc period. So if the aninal
breat hes in, you know, ten nol ecul es of oxygen during the
normal rate, and then during the oxygen debt period it only
utilizes five nolecules, it has a negative utilization of
five nol ecules, but that's presented positively in oxygen
debt. So it's a positive nunber.

So basically, when the ani mal uses 80 ccs of
oxygen per kg less than they utilize during a norna
resting state, that's the point when we give themthe PEG
henmogl obin. And the endpoint is restoration of the --
repaynent of the oxygen debt since that's the nost
inmportant thing in the case of these animals is to get that

oxygen debt repaid, because if you don't repay the oxygen
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debt, the animals will die.

So at least that's the nodel that is being
utilized down at Virginia Commonweal th University. But in
addition to oxygen debt, as | said, there is probably
anot her 100 paraneters that are captured. All the organs
are nonitored for oxygen utilization, and all the -- we
| ook at venous oxygen and arterial oxygen, and all the
bl ood chem stries are nonitored in real-tine.

So there's an i mense anount of data that is
captured. But because the nmain concern was oxygen debt,
that was just what | presented.

M5. ALVING (O f mke).

MR. GOULD: Sure. |I'mready. There's one quick
guestion. Have we analyzed the age of the red cells
transfused and controls versus the Pol yHene group because
of the interest and the literature about age of bl ood and
we haven't done them There are a nunber of questions here
related to the protocol violations. And let ne kind of
| ump them toget her.

And |'"mactually going to thank Dr. Flemng. |'m
not going to challenge his comments, because he's the

expert and you'll find his name all over our protocol.
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do want to make one comment to clarify, Tom part of the
issue in an unblinded trial for us to try to again dea

with a clinical issue. So one of the major errors that |ed
to what we're calling the "protocol violations" are
patients who got the wong therapy.

And so I"mgoing to answer this question here.

So there were a total of 41 patients in the trial who
actually received the inappropriate therapy. There were 21
patients random zed to the Pol yHene® who never received a
drop, and there were 20 patients signed under control, who
di d get Pol yHene.

So those are the types of things -- and |
actually left out the data on the as treated -- anot her
anal ysis group which is also defined in the protocol and
the SAP. So our -- | guess, | coment just |ike
(inaudible). | ama clinician and we're trying to
understand the truth here and those are ny comments.

So | actually look forward to in the reception to
talk on -- Tomnore to understand that. | appreciate his
input. He's the expert in them but we're sinply trying to
| ook at the data and get accurate information to understand

what's going on here. | think all (inaudible) the other
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person's variations on them

MR. GREENBURG  Switching gears -- there are a
coupl e of questions here that | think I can answer quickly.
One is could a trial be perfornmed in conpassionate use?
Just briefly, since the BPAC in 2006, we had requested 38
times fromthe FDA conpassionate use protocol. Single
patient | ND has been granted 37 tinmes, maybe 36 tines, and
we've treated 24 of these patients.

We did provide to thema outline -- rather
sophi sticated outline of a protocol for conpassionate use.
W had a neeting about that. And we're revising that
protocol, and very nmuch hope to bring it back to themfor a
di scussi on.

There is an absolute need for this kind of
material to be out there for the religious group that
cannot -- will not take transfusion, and those patients
wi t h aut oi mune henol yti ¢ anem a who have run their gamnut
of | east inconpatible blood, and they need sonething to get
t hem t hrough their acute phase.

O these 24 patients and the previous patients
done for Biopure conpassionate use fromthe year 1999 to

2001, we have a total of 54 patients who are -- for whom we
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have sufficient data to tal k about el enents that may
contribute to their survival or factors that nay apply as
to how we should sel ect these patients for use.

| presented probably the nost spectacul ar patient
of ny career ever, 53 units, 1.73 kilograns of henbgl obin,
18-day survival, and an autopsy, as | said, the ultimte
clinical test, there was no evidence of toxicity to any of
the major organs -- brain, heart, kidney, liver, or
pancreas as far as we know.

So | think -- yes, | think there should be a rule
for this. And given that if we have the protocol then we
can position the material away from Boston, | can regal e
you during the reception or the discussion upstairs with
tales of how our airlines and FedEx and everyone el se can't
do what they're supposed to do and things |like that.

But the reality is there's a delay, and that
del ay probably cost these patients' lives. And that delay
is related to the henoglobin deficit, that relay is --
delay is related to oxygen debt. They were just not able
to care for these patients fast enough, that's the issue.

The ot her question that | thought | would

address, if | may, cones fromyour insufficient henogl obin
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theory flies in the face of the heart (phonetic) trial.
New Engl and Journal, please explain. Briefly, they list a
series of conplications associated wth blood greater than
14 days of age. They call them conplications.

If that were a clinical trial, we would probably
call them adverse events. W have adverse events in the
HEM 115 trial. |If we call themconplications and then run
them up against that list, | would offer that the lists are
extrenely simlar. That's ny response to that question.

M5. ALVING Wuld you like to say anything about
APEX -- anything further?

MR. ESTEP: No.

(Laught er)

M5. ALVING Ckay. Do any of the panel nenbers
want to add any nore comments -- just free flow ng?

(No audi bl e response)

ADJ OURNVENT

M5. ALVING Ch, okay. Well, | would like to

thank all of you for presenting your data for the audience,

for providing all the questions. As |'ve said, there are
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nore to be answered. But | think it's actually we worked
very well. And | think it's time nowto do those hall way
di scussions and relax. So thank you very much. And thank

you, Tom for your conment.

(Appl ause)
(Wher eupon, the PROCEEDI NGS were adj ourned.)

* * * * *
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