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PROCEEDI NGS

(08:30 A M)

SESSION |1'1: CLI NI CAL FI NDI NGS AND MECHANI SM5

OPENI NG REMARKS

MR. KLEIN: Good norning. Welconme back, can
everybody hear nme? You can't. Can everybody hear ne now?
Yes, all right, hearing nothing to the contrary, again,
wel come, good norning, it's nice to have everybody back

|"mHarvey Klein. |I'mfromthe Departnent of
Transfusi on Medicine here at the clinical center, about
300 yards in that direction. [|'minvolved in bl ood
transfusi on, and have been since the early '70s, and have
been interested and involved in substitutes for the red
cell and the red cells function fromthe md-'70s, along
with Dr. Fratantoni, when we were both children, at the
Heart, Lung and Bl ood Institute.

A few housekeepi ng i ssues, please turn off al
of your cell phones, or least put themon nmute, if you
have them In your folder should be all of the

di scl osures for all of the speakers today, all of the



conflict of interest statements. Those people who are
speaking or are on panels, | encourage them if there is
an issue that relates to their disclosures, to disclose

that orally. Oherwi se you can | ook those up. Please

fill out the evaluation fornms that are in your packets as
well. Those are hel pful through to the organi zers of the
conference and we hope you'll do that.

Just to set the stage a little bit, yesterday we
heard a | ot about the unmet needs, and there certainly are
unnet needs in the area of transfusion in the current
clinical status and the way forward. W had an
out standi ng revi ew of the physiol ogy of oxygen delivery,
and the role and the nechani sns of hypoxic vasodil ati on.
W | earned about the rational design of its HBOC nol ecul es
based on nitric oxide paradigm and based on the
facilitated diffusion paradi gm of oxygen delivery.

W | earned about henogl obi n oxi dati on and
vasoconstriction, and how oxi dati on of henpgl obin can
result in clinical toxicities. W need to know precisely
how structure and function at the nol ecul ar | evel affect
the in vivo function, and that we need to know if in vitro

oxi dative reactions predict in vivo events.



W' ve heard an awful | ot about nitric oxide
chem stry, and al so about how and why ani mal nodels may or
may not help us. Their species specificity and safety
signals in one nodel mght be difficult to understand in
the human nodel. |In the afternoon and |ate norning, we
heard a bew | dering amount of clinical data, and we
| earned that we don't have access to all of the clinical
data. Sone is proprietary; sonme is never reported,
certainly not in the reviewed literature and not even to
t he FDA.

W also learned a little bit about the risks of
over-anal ysis of severe adverse events, about the
difficulties of adjudication, about the difficulties of
anal ysis per-protocol. W learned that there may al so be
ot her expl anations, and things that we consi der severe
adverse events for our nolecules. Things |Iike, perhaps,
in appropriate dose during trials or fluid overload, or
the rate of infusion, total dose adm nistration, or
perhaps we're just seeing msuse of these drugs. And
maybe there's really very little toxicity. So all this
underlines the inportance of random zed controlled trials,

or ethical trials as we've heard described by our ethicist



yest erday and what that neans.

Today, we have two panels which are going to
focus on the clinical findings and the nechanisns. The
format is as follows. W asked each of the panel nenbers
to present, if they wsh, for no nore than 5 m nutes and
about three slides. And then we will have a panel
di scussion where there will be questions anong the panel
menbers, and | hope everyone will fit out their cards and
send themup to the front, so that we can refl ect your
guestions and have the panel nenbers address them

This is the first panel. Dr. Stephen Cohn is
prof essor of Surgery at the University of Texas in San
Antonio. Dr. Denetrios Denetriades, professor of Surgery
and Critical Care Medicine at the University of Southern
California, Dr. Mtchell Fink, who' s had a | ong experience
in this area was professor and chair of Surgery at Beth
I srael in Boston and at Pittsburgh. He is nowwth
Logi cal Therapeutics in Waltham Massachusetts.

Dr. Dan Freilich with the Navy, who is involved
inthe trials that have been proposed, Dr. John Hol conb
fromthe U S. Arny Institute of Surgical Research at Fort

Sam Houston; Dr. Charles Natanson, an anesthesi ol ogi st and



senior investigator in Critical Care Medicine here at the
clinical center; Dr. Ed Norris, who is an associate

pr of essor of Anesthesiology at Johns Hopkins and has had
experience with, | believe, at |east three of these

nol ecules in the clinic.

Dr. Ed Sl oan, professor of Emergency Medicine at
the University of Illinois, who is the principal
i nvestigator on the Sloan et al. slide you saw yesterday
for the Baxter trial that was discontinued, and Dr. Cus
VI ahakes from Harvard Medi cal School, professor of
surgery, who has al so had experience with these drugs.
The four overarching questions for this panel are the
fol | owi ng.

Can information about the safety and efficacy
obtained fromclinical trials in one clinical setting; for
exanple, trauma, be used to informa risk-benefit
assessnment in a different clinical setting. For exanple,
ort hopedi ¢ surgery, can you generalize? A second
overarching question is given what we know about the
bi ochem stry and pharmacol ogy of the current and the
previ ous HBOCs, can safety information obtained fromthe

study of one HBOC be used to informsafety and risk
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assessnents for a different nolecule, a different HBOC?
Third, are there toxicities or harnfu
i nteractions between these nolecules in a patient's
under |l yi ng di sease -- hypertension, diabetes, or coronary
artery disease that are cormmon to all of these nol ecul es,
regardl ess of their structure and regardl ess of their
nodi fications? And are there |essons for designing the
next trial, that is those | essons that we've | earned from
what we've heard yesterday, rate of infusion, vol une,
oncotic pressure, et cetera.
So that's the nature of what we hope to address
this morning in this first panel. And | believe the first

speaker on this panel would be Dr. Denetri ades.

FUNCTI ONAL ASPECTS OF THE HBOCs AS A CLASS

MR. DEMETRI ADES: Thank you, Dr. Klein. Thank
you very much for this honor. | ama trauma surgeon and
this means |'mgoing to make comments and recomendati ons
fromthe trauma surgery point of view Yesterday, we have
heard sone beautiful presentations fromthe NI H

scientists, fromthe industry, froma biostatistician.
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And from what you have heard and what you have read in the

literature, where are we now?

Firstly, | want to say that |I'mvery excited.
was very excited. | still remain fairly excited about the
products. It's promsing, but we are still not there. W

are very concerned about the reported conplications,
conplications that increase nortality. W need to
encourage the industry to go about and address these
issues. We want to see clear statistics. W do not want
the statistics to confess under torture, as the
statistician said yesterday. W want these speakers to
come out freely without any effort.

| believe that with the current status, we're
not ready yet for quick trials. W mght rush and broaden
our inclusion criteria, but I think it will be
count erproductive for everybody.

We al so heard froma couple of industry speakers
that it's not fair to group together all HBOCs. | think
this is fair; it is appropriate to judge each product on
its owmn nerit. There are significant differences between
all of themthat you need it into account these

di ff erences.
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In one area where | firmy believe that we are
ready to nove in is the conpassionate use. W have
patients; Jehovah's Wtnesses or other groups of patients
who are really, practically dying in front of our eyes
wi t hout being able to do anyt hing.

We know that for acute blood loss, if the
henogl obi n goes below 5 -- acute blood | oss, not chronic,
the patients goes into cardiogenic shock, and you give
basal pressors, and you give fluids, and you give whatever
you want; they do not respond. This nmight be an excell ent
group for conpassionate use. W know that for acute bl ood
|l oss, if the henoglobin is below 3, it's extrenely
unlikely that this patients will ever nmake it; an
excel l ent candi date for the product.

Now, for future, what kind of clinical trials do
we need? Well, we need to apply nuch restrictive
criteria. Renenber that on the one side we have patients;
we have the products with significant conplications. W
need to use this product in patients who are at extrenely
high risk of dying. So in other words, the benefits
shoul d out wei gh any possi bl e di sadvantages. | think it's

a serious error, and | have seen these in the existing
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standards. They include all nechanism blunt trauma --

bl unt and penetrating. It's a big mstake, and I'l| tel
you why. | have seen that one of the inclusion criteria
was a bl ood pressure of 90 or less. | think it's a

serious error, and it's unlikely that you're going to see
any difference with this kind of criteria. Now, why do I
say blunt and penetrating are different? They are very
different.

Blunt trauma is extrenmely unlikely to cause
henmorrhagi c death within 1 hour -- very unlikely, unless a
patient has a rupture of the aorta, a rupture of the
heart; in these cases, there is no hope. He will be dead
within a few mnutes. The typical blunt trauma patient
will bleed fromthe liver, the spleen, the pelvis, the
| ong bones, and will die a few hours |ater.

The prognosis is very different. If you get
patients with blunt trauma and hypertension | ower than 90,
excluding a traunma, the overall nortality fromblood is 20
percent, is 33 percent for penetrating traum

And this is the tenporal distribution of deaths,
the tine of deaths in blunt trauna and penetrating trauma.

In penetrating trauna, as you can see, the vast mpjority

14



of deaths will occur within the first 1 hour. And this is
the distribution of deaths in blunt trauma, very
different. W shouldn't mix themif you really want the
best possible scenario.

Now, let's conme to the bl ood pressure of 90 or
| oner. A nodel concept in the nanagenent of trauma
patients is perm ssive hypotension in penetrating traum.
We now teach and apply -- and this is in the mlitary as
well -- but if a patient with penetrating trauma has a
systolic blood pressure of 80 or 90, don't give himfluids
until you control the bleeding surgically. This applies
in an abundant environnent.

So it's inappropriate to get the patient of
bl ood pressure of 90 and |load himw th HBOC or saline or
whatever. On the other hand, we know that if the bl ood
pressure is very low, extrenely low -- blood pressure is
about 40, about 50, there is a risk of cardiac arrest.
This is a group which mght benefit from aggressive
fluids.

So what | would suggest for future trials
i ncl ude penetrating trauma, excluding head with a bl ood

pressure of 80 or lower. And with the control fluids, you
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m ght want to consider hypertonic saline, or maybe red
cells, but fresh red cells younger than two weeks. And
this concludes ny presentation. Thank you very much Dr.
Kl ei n.

MR. KLEIN: Thank you very nmuch. And we'll
bring everybody up on the stage. You'll have an
opportunity to send in your questions. Please wite them
down after each speaker, if you can, and we'll try to get
to them

The next speaker is Dr. Freilich, fromthe Navy.

MR, FREILICH  Good norning. Can everybody hear
me in the back? So I'mnot a trauma surgeon, and |I'm an
| nf ecti ous Di sease doc, and as many of you know, in a
hospital, the characteristic of ID docs is that they're
somewhat conmpul sive, and annoyingly are willing to review
all the pages in the record.

And | think one of the issues wth HBCCS in
general has been broad pressures. And | think that goes
to phase 4 activity, trial designs, strategies, and even
how to proceed forward. And I think that it can be broad
pressures, and | think that's the nost inportant point |

want to nake.
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The Navy has been active since about 2002, with
an approach for pre-hospital, where blood is not
avai | abl e, trauma resuscitation and we' ve been on clinical
hol d since 2005, and we remain on clinical hold despite a
BPAC consensus recomendati on that a phase 2 trial should
proceed, about 16 nonths ago.

So we have had had quite a bit of experience

t hi nki ng about how to potentially design a trial. And we
may have nade m stakes, and we nmay still be making
m st akes, but at |east we've thought about it, and | just

wanted to transmt some of that information

For the sake of disclosure, | should say that
the Navy has material transfer agreements and CRADAs with
Bi opure, and there is a contract to purchase HBCC
prototypes for research -- no transfer of funds ever to
t he Navy.

The final point is that we have no horse in the
race. And in fact, | would propose now that any conments
that I make right now with exceptions in general, | think,
probably applied to nost of the second generati on HBOCs
that are currently in the process of devel opnent, and

there are certain exceptions to that.
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What is the potential benefit? And | think this
is an enornmous problemin the way trials have been
devel oped over the last 10 years or so, or |longer. And
this graph, in blue are controls, and red is HBOC 201, and
again, | think that other HBOC coul d be superinposed in
many ways in this graph.

On the left are studies with the nortality and
controls was really low And in fact, you can see many of
them were 100 percent survival. On the right are high-
nortality trials. And you can see, nost of the contro
animals died. This is a summary of the data. Wat shoul d
be clear fromthe back of the roomis that HBOCs don't, in
preclinical studies, denonstrate a survival benefit in | ow
nortality scenarios, and this nmakes sense.

And in clinical nedicine potent drugs often are
not necessary in |lowseverity design studies or in | ow
severity clinical settings. Nevertheless, the design of
trials has relied on blood substitution in the hospital,
or addition to standard care with the opportunity for
benefit is extrenely mnimal. And if you | ook at studies
or in other indications, for exanple, add heparin.

Heparin makes very little difference in
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myocardi al infarction when you add it to the whole
armanment ari um of PTCA and TPA and nitroglycerin, and all
the other things. On the other hand, when you have very
severe nodel s repeatedly, whether you have associ at ed
traumatic brain injury or not, you see significant
benefit.

Now, how does this affect your design of
studies? | think this is where nost of the studies have
been done. W have never done a study like this, nor has
there ever been a study that's truly against crystalloid
or in general asanguineous controls. Al of them have
had, including even the coronary European style --

Eur opean study with DCLHb have al ways had sone el enent of
conpetition with blood, or as part of a conpetition with
standard care, which included bl ood.

Now, this is a very busy slide, but I'monly
going to reflect a fewthings. Wat | try to do is show
that on the left these are studies that had low nortality
in controls, and they increase. To get to the highest
woul d be the RESUS trial that the Navy proposed, where we
expect a nortality of about 62 percent. It is very

difficult to hypothesize that you can extrapol ate data
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where the only potential significant benefit is
transfusi on avoi dance to a study with 62 percent
nortality, nostly within 24 hours. And obviously you're
expecting a survival benefit.

Secondly, how do you | ook about -- how do you
| ook at odd HBOCs? You really can't extrapol ate one HBOC
to anot her, and you have to be very careful with doing
that. For example, if you look at the old DCLHb data, the
in-hospital U S. trial or if you | ook at the out-of-
hospital Kerner trial, which was done in Europe; 95
percent of patients who enrolled in this trial would get
excl uded by the study, and 85 percent would get excl uded
in even the European higher-nortality study.

VWhat the Navy tried to do is to exclude that
bi rodal distribution by using revised trauna score -- and
by no means do | suggest that that's the only way to do
that. But | don't think that information is static. And
| think people |l earn from m stakes and/ or from experience,
and there are nmany ways to try to get that internediate
popul ation. W think we've done it with the RTS of one to
four, but there are other ways there to do it.

Finally, again, one |earns from experience and

20



some prior mstakes, and one can optim ze the trial. And
| think that each specific optimzation does not
necessarily make an enornmous difference in terns of the
overall benefit ratio. But | think it's very reasonabl e
to hypothesize, and | iterate the word "hypot hesi ze," and
therefore a clinical trial should be done to confirmthe
hypothesis that the totality of the changes are likely to
shift way beyond equi poi se.

|"mnot going to go into all these because | am
alittle bit past nmy tine. But firstly, | just want to
reiterate what's in red. You should target a popul ation
wi th severe henorrhagi c shock and with severe -- with high
i kelihood of nortality, and you should target a
popul ati on where bl ood transfusions are unavail abl e.

And if you | ook back at the aninmal studies, the
ani mal studi es have been criticized as potentially not
predi cti ng what happens in humans. But they do get
vasoactive response, as you just don't see the cardi ac
side effects. And the reason you probably don't see the
cardiac side effects is that they're young ani nmal s.

So pick a popul ation that somewhat sinulates the

studi es that you've done in preclinical studies. And I
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think that young traunma patients probably are simlar to
t hat .

| think I1"'mgoing to stop here because | have
run over tinme, and thank you for |istening.

(Appl ause)

MR. KLEIN: Thank you very much, Dan. The next
speaker is fromthe Arny, John Hol conb. John, you want to

gi ve us your thoughts.

MR, HOLCOWVB: COkay. Well, | am-- as opposed to
t he other discussions, I'mnot going to talk about HBCCs
very much. This first -- the first reference is actually

Dr. Denetriades', and he's already showed the slides
tal ki ng about deaths. Deaths occur very quickly, largely
fromtruncal henorrhage, they peak at 1 to 6 hours.

Fred Moore, Jean's brother published a paper in
Journal of Trauma this nonth that actually shows this
beautifully in somewhat greater detail, and actually that
the nortality from henorrhagi c shock occurs within 1 to 3
hours of adm ssi on.

The point there is that anything we are going to
do needs to be done very early. It can't be done with

i ndi vi dual patient consent or LAR constant. And Rick
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Dutton showed that in a paper in Journal of Trauna | ast
month as well, along with John Hess's wife that basically
LAR consent for henorrhagi c shock studies is a nonstarter,
and will doom any study to failure.

Now, Usol (phonetic) and others have recently
shown that we can predict massive transfusion within
m nutes of arrival, with easily available data that's in
the energency center with an ROC curve of 0.8. This is
from Germany. There are other papers published from North
Anmerica on trauna patients. So you have patients from
both continents responding the sane way physiol ogically.
We can predict who's going to need nmassive transfusion in
the first couple of mnutes, and those patients are the
ones who are going to die within 1 to 3 hours.

So this is getting at study design actually, so
we -- both address the sanme thing. Rather than talking
about HBOCs specifically, the study-designed questions are
very inportant. And clinically, | think we get a | ot of
i nformati on about these kinds of patients in the last 4 to
5 years, previous to sone of the designs that we've heard
yest er day.

Now, Borgman (phonetic) showed -- this is conbat
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data -- that you can increase plasma by -- by increasing
pl asma use to red cell use, you can decrease nortality
from65 to around 20 percent. Seven civilian papers wll
be published this year that show exactly the sane thing.

I ncreased plasnma platelet to red cell ratios inprove
survival. Now, why am| going to tal k about plasma and
red and platelets, instead of henoglobin? | think that we
have been too focused on oxygen consunption and oxygen
delivery as a resuscitation endpoint. These are data from
466 massively transfused patients representing al nost

40, 000 adm ssions at 16 trauma centers fromthe [ast two
years ago in the United States.

And as you can see, these patients are
critically injured with an ISS of 32. They only have a 40
percent overall nortality. They are a young at age 39,
get younger everyday, largely male, blunt injured, they
cone in noderately hypotensive, tachycardic, acidotic, and
with an INR of 1.6; they're all coagul opathic. These are
initial data upon arrival, and | point you the henogl obin
of 11. W were all taught that patients comng with
henmogl obin of 14 to 15 after |osing blood, these were all

within 30 m nutes of adm ssion. That's not true.
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Severely injured patients come in with henogl obin of 11

Now, that's plenty of red cells floating around
to deliver oxygen. That's plenty of red cells, and yet,
the focus of this nmeeting was on giving nore oxygen-
carrying capability to exactly this group of patients.
They don't have an oxygen-carrying deficit, they have a
bl eedi ng probl em and they have a profusion problem and
if we fix that, they will do fine.

This is the Kapl an- Mei er curves of 466 patients.
You can see there's a 24-hour Kapl an-Meier and a 30-day
Kapl an- Mei er. These patients die very early, this goes
right along with nore data fromthe |ast nonth of Journa
of Trauma, and by giving nore platelets and plasma, you
shift that curve froma 40 percent nortality up to al nost
a survival -- to a 90 percent survival

You' re giving sane anmount of red cells in each
group. | think that the data fromthis is pretty
instructive. | think the data comng out, it'Il be able
to predict massive transfusion, and physiol ogy of what
t hese patients have really going on, pre-hospital and in
the ED is pretty instructive and informative for future

trials in this area.
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That's the end of ny slide. | just want to nmake
a couple of comments as well in the last m nute. Many
| essons have been | earned fromthese studies; both this
study and other studies. | think one of the nmajor |essons
that we've | earned yesterday is that when you have 3,500
medi cs assigning our patients to a prospective random zed
study that they're going to mss a sign about 20 percent
of the patients. That is the real world, |adies and
gentlemen. W don't have CROs and registered nurses
assigning our patients in the enmergency departnment. W
have nmedics are doing a great job, doing as best as they
can, and they will mss a sign. W need to track that and
make sure that if there are nmedic units or systens who
mss a sign at very high rate, we go educate themand if
they don't respond to education, we kick themout of the
study, that needs to happen. But it wll happen.

Hence we got to figure out what is an acceptable
rate of mss a sign. The other thing is that with 5024
and the discussion we've had yesterday about how the
process works. The process actually nakes us go right
frompreclinical studies to definitive phase 3 trials

because nortality is the endpoint in the current 5024
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par adi gm of doing research in this area.

You don't get the benefit of phase 1 and phase 2
trials and learn from how best to treat these henorrhagic
shock patients, and what really is an inclusion and
exclusion criteria. That | think is a problem W need
to be able to do smaller studies, the phase 1 and phase 2-
types or sized studies, if you will, in this group of
patients, so we can learn howto do the definitive trials
in this group of population who stands to benefit. Thank
you very much

(Appl ause)

MR. KLEIN: Thank you, John. | hope we'll be
aski ng questions about whether phase 1 and phase 2 trials
in other settings would be applicable to traunma because |
think that m ght be an inportant issue. Next speaker is
Dr. Natanson from N H

MR. NATANSON: Good norning. | want to thank
the organizers for allowing ne to speak today. The charge
t hat Harvey has given us, to see if we can find conmon
properties to these henogl obi n-based bl ood substitutes as
a class. They're all derived fromred cells -- red bl ood

cells, and then they have different biochem cal
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alterations. But they all interfere with normal nitric
oxi de functi oni ng.

And t herefore, they have a comon mechani sm of
potential toxicity. The question we asked is, as a cl ass,
do -- are they associated with an increase in nyocardi al
i nfarctions and deat hs.

W did a neta-analysis; there were three sources
for our trials. One was a standard |iterature search for
which we found 13 trials. One was an FDA neeting which
had a sutmmary, one set of trials. And we also went
t hrough press rel eases, and we included two trials which
had quantitative data frompress releases for a total of
16 random zed controlled trials in this nmeta-anal ysis.

There are five products listed there in our
nmet a- anal ysis. And |I'm showi ng you on the left,
nortality, on the right; the risk of myocardi al
infarction. This side favors control that there was an
increased risk with the henpgl obi n-based bl ood substitute,
this side says there was benefit. Again here's the sane
for myocardial infarction.

And you can see here that overall, there was a

statistically significant 30 percent increase in deaths
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wi th these henobgl obi n-based bl ood substitutes, and you can
see there is alnost a threefold increase in the risk of
myocardi al infarction with the henogl obi n bl ood
substitutes.

And inportantly, this is a test of
het erogeneity. As you can see, there is no significant
het erogeneity that is treatnent effects were quite sinlar
across these products.

This is an square. An | squared of zero

neans the effects are very, very simlar. An squar ed
of 100 per cent neans they're very, very different. This
says there is the m ni mum anount of heterogeneity across
t hese studies -- zero.

We al so did subgroup analysis in order to -- or
sensitivity analysis to see if the effect is consistent
across different patient populations. And as you can see
here, in all the reported patients studied were -- they
descri bed nyocardial infarctions, the effect is very
consistent, and the nortality effect is very consistent,
except in cardiac surgery.

The nortality difference is not statistically

di fferent conpared to other forms of surgery, but it's
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interesting (phonetic) to speculate that you do have an

i ncreased risk of nyocardial infarction during cardiac
surgery. But the vascularization -- the revascul ari zation
maybe protective to prevent death.

We al so | ooked in studies to see if it nmade a
difference if you had a bl ood product or a non-blood
product as control. And these are the nunber of patients
and these are the nunber of trials. As you can see here
that the nortality in the nyocardial infarction data is
quite simlar, whether you had a bl ood product control or
a non- bl ood product.

We al so sequentially renoved each one of these
products fromthe analysis to see if one product al one was
responsi ble for this effect. And this shows you how many
patients are left, and how many trials are left after we
nove the henocyst. And you can see that no matter which
one of these trials we nove, or each one of these
conpani es' products we noved, the treatnent effect in
terms of nortality and nmyocardial infarction is still on
the wong side. And there is no one trial responsible for
this effect.

W did other anal yses. W |ooked at published
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versus unpublished, detected fromyour content, the P50,
and none of these variables make any difference.
Regar dl ess of the product, the patient popul ation study,
the control, this was a very consistent and a very robust
effect. W conclude, based on analysis of the available
data fromclinical trials, henogl obi n-based bl ood
substitutes are associated with a significantly increased

risk of death and nyocardial infarction. Thank you.

MR. KLEIN: Thank you very much, Chuck. 1|'m
sure we'll have a lot of -- a lot of coments about that.
It's an inportant study. | think our next speaker is Dr.

Norris, and | don't think -- Ed, | don't think we have
slides. So he'll be speaking briefly.

MR. NORRIS: Again, |I've no slides, so the
lights can stay on, good norning everyone. |'mvery glad
to be here this norning, and I'mvery honored to be able
to participate in our panel discussion with such a
di stingui shed group of individuals. M witten
di scl osures did not make it to the printed materials, and
therefore | wanted to make a brief oral disclosure.

|"mcurrently a consultant for Northfield

Laboratories and participate as a nmenber of the Data
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Saf ety Monitoring Board and the rel ated subcomrttees for
the phase 3 trauma trial. Since 1997, |'ve participated
as the principal investigator in a nunber of phase 2 and
phase 3 clinical trials with Biopure, Alliance

Phar maceutical, Northfield Laboratories, and nost
recently, Sangart.

|"ve al so been the principal investigator for
bot h conpassi onate use and treatnent use protocols with
the current generation HBOCs. | have received funding
from Bi opure, Northfield, and Sangart for work related to
the interference of HBOCs with comon | aboratory tests,
and lastly |I've participated in several scientific
advi sory board neetings with Sangart over the |ast several
years.

My bio sketch wasn't included in the printed
materials either, and I wanted to make just a few quick
comments. As nentioned, | am an associate professor in
t he Departnent of Anesthesiology and Critical Care
Medi ci ne at the Johns Hopkins University School of
Medi cine and a staff anesthesiol ogist at the Johns Hopkins
Hospital. |'ma menber of the Division of Cardiovascul ar,

Thoraci c, and Transpl ant Anesthesia, end | direct the
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vascul ar and endovascul ar anest hesi a prograns.

| am al so director of our Advanced Transfusion
Practices Center and director of Perioperative Bl ood
Conservation and Henodilution Services. M day-to-day
clinical activities involve the care of patients
under goi ng conpl ex procedures that routinely require the
transfusion of |arge amounts, and often massive anmounts of
donor bl ood and donor bl ood products.

And al though | practiced just a few yards from
one of the busiest transfusion services in the country, we
were not able to be all things to all patients regarding
the red cell requirenments. One of ny clinical interests
over the | ast decade has been to devel op ways to reduce
pati ent exposure to donor bl ood and donor bl ood products.
And as a result, we've attracted a | arge nunber of
patients, often requesting conplex and nedi cal surgical
w t hout the use of donor bl ood and donor bl ood products.

Now, Jehovah W tness patients nmake up the
| ar gest percentage of this group. And | personally
participated in the care of over 1000 of Wtness patients.
This clinical experience conbined with HBOC clinical

research experience involving nearly 100 patients,
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receiving nearly 200 units of clinical trial material, |
think, pronpted the very kind invitation to participate in
t his panel discussion.
Regardi ng the topic of our discussion,
personal ly believe that the current generati on HBOCs can
i ndeed serve a critical unmet need in a variety of
clinical settings, the conmon thenme of which involves the
tenporary or permanent unavailability of red blood cells.
Further, | believe that our current
under standi ng of the risk-benefit considerations for these
products indeed favors the clinical use in these very

select clinical circunstances. And I'mgoing to stop

there and | | ook forward to a good di scussion. Thank you.
(Appl ause)
MR. KLEIN: Thank you very nuch, Ed. | think

you have as much experience with different HBOCs as
per haps anyone el se on the panel. So thank you both for
t he disclosures and for the information.

Qur next speaker is Dr. Ed Sloan fromthe
University of Illinois, and Dr. Sloan, as | said earlier,
was the principal investigator for the trial that we heard

a great deal about yesterday with the Baxter henosis

34



product, and he has kindly agreed to conme and both speak
and be on our panel.

MR. SLOAN. Thank you for the invitation to
speak. It has been nice to see people with whom | worked
for several years. As a matter of disclosure, the work
wi th Baxter was done through a grant to U C | work now
| ooking at this data at the request of the NMRC, through a
grant fromthe Jackson foundation to U C, and | have
served on a data safety nonitoring board for Biopure.

W are going to talk a little bit about the
DCLHb trials, and share with you data that which you have
not yet seen. I'mat the University of Illinois in
Chi cago. The goal of the devel opnent of HBOC is take a
difficult clinical setting, and to inprove clinical
practice, and inprove patient outcome. There were two
studi es, one an in-hospital energency departnment study in
the US. wth DCLHb, and a paired pre-hospital study in
Eur ope.

When you conbine the information fromthose two
studies, nortality was higher in those treated with DCLHb.
Two observations. The first, in a perfect world, your

desired nortality risk would be m drange, 40 to 60
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percent; this would allow you to study optimally any new
met hods or therapeutics. |In fact, our nortality, or our
nortality risk was binmodal at the very | ow and very high
extrenes.

One other comment fromthose two studies; the
use of an exception to infornmed consent was nearly
universally accepted. The |ogistic side was manageabl e.
It appeared appropriate and still does, and |I think it
remains a vital part of what we do in our energency and
trauma research.

Here are the list of the publications that were
made regardi ng DCLHb, one to be added is the reuse study
fromthe European experience, and the consent-rel ated
publications. W're now |ooking at this data second tine
at the request of the Naval Medical Research Center, and
|"d like to just share with you five aspects of that.

Regar di ng bl ood pressure effects -- in summary,
bl ood pressure did not differ with DCLHo use in the
clinical trials. Those patients with nmarkedly el evated
bl ood pressures did not differ with the use of DCLHb. In
fact, DCLHb with regression analysis only contributed 3

percent to the predictive -- prediction of blood pressures
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over time. In other words, there was no clinically-
consi stent pressor effect.

Regardi ng base deficit and lactate; in the two
studi es, base deficit did not differ with DCLHb use even
t hough expired patients had a greater base deficit than
t hose who survived. In the U S. study, where we only had
data for lactate in the one study, lactate did not differ
basically on DCLHb use, even though expired patients had a
greater lactate than that did -- those who survived.

There was no clinically consistent poor
perfusion effect as nmeasured in these studies with |actate
or base deficit. W also |ooked at the shock index. The
shock index is a sinple nmeasure |looking at clinically
easily obtained nmarkers; heart rate and systolic bl ood
pressure. And in essence, when your heart rate is greater
t han your systolic blood pressure, it suggested you have
unconpensat ed shock

Conversely, when your systolic blood pressure is
greater than your heart rate, you appear to have
conpensat ed adequately, and this is the perm ssive
hypertensive setting in which we now don't over-fl uid-

resuscitate patients. So this is an easy neasure of
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shock.

And in summary, patients wth a shock index
greater than one are a clinically unconpensated popul ati on
of shock patients who m ght benefit frominfusion of an
HBOC. And in fact, 120 m nutes of shock index greater
than one is associated with a two-and-a-half fold
increased nortality risk; 40 versus 16 percent as conpared
to those with a shock index |ess than one.

| mportantly, in these two studies, DCLHb use did
not alter the ability of shock index to predict nortality,
and the significance of this is in traumatic henorrhagic
shock studi es, whether the use of an HBOC is planned, it
doesn't appear as though these clinically inportant
mar kers; systolic blood pressure and heart rate, are
nodi fied such that we can rely on our clinical acunmen to
deternm ne whether patients still need to be resuscitated.

Regardi ng the study design, we | ooked at RTS
entry criteria, and we found that patients with a | ow RTS
1 to 3.99 have a very |low TRISS survival probability.

This m ght be an optimal patient population for study, if
you're looking at optim zing the risk-benefit profile.

And we may need to exclude those with a GCS of three,
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because it is greatly influences nortality and the RTS.

Lastly, we |ooked at traumatic brain injury.
Traumatic brain injury in the U S. study of DCLHb had a
significant influence on 28-day nortality, and in fact,
those TBI patients with a GCS of three increased study
nortality by 63 percent. As such, | would recomrend t hat
the GCS of "three" patients not be included, or be
excluded fromany future traumati c henorrhagi ¢ shock
trials which attenpt to | ook at HBOCs.

So in conclusion, this work continues to be
critical. Wsat's inportant is that the theoretica
pressor effects of DCLHb could not be correlated with the
nost conmonly utilized clinical variables that we use to
assess patients, such as bl ood pressure, base deficit,
| act at e.

And so in order to maxim ze our studi es ongoing,
one thing m ght be to exclude GCS equals three patients,
and be very clear as to who our entry criteria is and what
the nortality is. So | recomend that we continue to | ook
at these theoretical issues such as pressor effect, and
see how they're playing out clinically, so that we can

make good decisions as we | ook at future studies of HBCCs.
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Thank you.

(Appl ause)

MR. KLEIN: Thank you very nmuch, that was very
hel pful. And | think our final speaker is Dr. VI ahakes of
Mass Ceneral Hospital. He has also had experience with
t hese nol ecul es.

MR. VLAHAKES: Thank you very much. | becane
initiated in this field when | joined the staff in 1986
because of the enornous pressure we were under from
patients to avoid transfusions. This was in the heydays
of H'V when the blood supply was in question, and we --
you can sit down with the patients and their famly, and
spend an hour discussing a conplex heart operation, and
all they really want to know was whet her or not the
patient was going to be transfused.

My interest in the field was in the context of
these materials as potential blood substitutes, and | had
hi gh hopes for the field until the issue of auto-oxidation
and rapid clearance cane to light, and it's an area that
we had worked on in association with Biopure that had
provi ded us with sonme of the materials that we were

wor ki ng with.
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O note in this study is a potentially
interesting hypothesis that awaits testing by soneone, and
that is that the nost rapid clearance and the nost rapid
rate of auto-oxidation occurs in the early phase, when
there are nore | ow nol ecul ar-wei ght entities present in
the circulation. So one issue in the hypothesis for
soneone to test down the line is whether or not the auto-
oxi dati on phenonenon is reduced by raising the average
nol ecul ar weight profile of the materials.

W did conduct an interesting phase 2 trial in
cardi ac surgery, keeping in mnd that we had this limted
wi ndow and tine of efficacy. 1In the first 12 to 24 hours
following a heart operation, there is a need to expand the
bl ood volune as patient is warmand dilated, and this
results in a nadir in hematocrit, around which transfusion
deci si ons occur.

So the concept was to tenporarily support oxygen
transport, until the patient was 2 or 3 days after
surgery, at which tinme, they begin to henbconcentrate by
fluid nobilization.

This was a phase 2 study that involved 50

patients in each group. It was a true double-blind study.
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The blind was tough to organi ze and mai ntain, but was
successfully done. It involved wapping the chest drains
and the pleurovac with colored cel |l ophane, so the blind
woul d not be broken. It involved renoving certain

| aboratory evaluation and clinical record that m ght give
away the patient's treatnent assignnent.

And it was powered to determ ne efficacy with
three infusions; two units followed by one unit, followed
by another unit, and we used regular clinical transfusion
guidelines that are in place at the institutions involved.
Now, we also elected to do this in the ICU after the
pati ents had been through their cardiac surgery.

And | think one of the things that you m ght
want to get into the discussion is this is a brand new
class of materials for hospitals and hospital personnel to
be involved with. And how you introduce sonmething that's
brand new, this is not another antihypertensive, it's not
a new antifibrinolytic or novel anticoagulant, it's a
brand new class of materials that people have never seen
before. And how you set up clinical trials has to keep
that in m nd.

One of the issues we found was that up to four
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units of material resulted in saving only half a unit of
bl ood, and with sone other discussions around potenti al
costs, et cetera. As the safety profile of the blood
supply changed in the md-'90s with donor self-deferra
and testing, this took the wind out of this indication to
a consi derabl e extent.

Now, the study was not powered to | ook at
safety, but there were a couple of points. There were no
myocardi al infarctions in the study, and one of the
reasons maybe related to the fact that coronary di sease
was treated surgically before patients were random zed.
Parent hetically, the vascular surgery trial which | ooked
at nmaj or abdom nal aortic reconstruction also did not see
any nyocardial infarctions, and those patients as a group
tend to be very thoroughly screened for the presence of
cardi ovascul ar di sease before they go through maj or
surgery.

Now, al though you've heard a | ot about the
nitric oxide binding and vasoconstriction, virtually al
t he HBOC preparations that have been studi ed do change
system ¢ and potentially pul nonary vascul ar resistance.

But despite these concerns, nitric oxide binding and
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i ncreased vascul ar resistance has never been shown to
override metabolic autoregulation, and there are plenty in
the studies -- preclinical studies and the literature to
support this.

This could be a benefit in sone clinical
settings. |In particular trauma and cardi ac surgery, we
are often dealing with | ow system ¢ vascul ar resi stance
from-- for a nunber of reasons in the postoperative
setting. And one of the points | would nake about using
bl ood pressure as an endpoint -- and you mght get it into
this in sonme of the discussions -- vasoactive HBOCs may
potentially result in under-resuscitation or under-vol une
repl etion of patients.

And one of the reasons why we selected the I CU
setting was the fact that the patients were all nonitored,
(i naudi bl e) catheters and continuous nonitoring of blood
pressure. And the final issue is the vascul ar biol ogic
probl em Besides vasoconstriction, do HBOCs do anyt hing
to vul nerabl e plaque? And one of the issues we're going
to have to deal with is this potential risk posed by

unrecogni zed coronary artery di sease. Thank you

(Appl ause)
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MR KLEIN: That was our |ast set of slides, but
| think Dr. Steve Cohn wanted to make a couple of coments
before we get the panel up on to the stage.

MR. COHN: Thank you. |'m honored to be on the
panel. | have three coments, speaking as a clinician and
surgeon, first in regard to the magni tude of the problem
and then a comment about the difficulty with clinical
trials in the area of specifically trauma, and finally a
it bit about the risk-benefit considerations.

About recently, | had a patient that cane in
wi th a single gunshot wound right bel ow her xiphoid. As
she came down the elevator, she was talking to the
par anmedi cs and she arrested. Rather than going into the
resuscitation room we took inmmediately into the operating
room and there we did a thoracatony and a |l aparotony, in
a very short period of tine, while she was receiving the
six units of blood that we kept down in that part of the
trauma center, we fixed a hole in her vena cava, and she
had -- the porta hepatis was divided.

So we renoved her liver, and she stopped
bl eedi ng. She was stable, but because we had no nore

bl ood avail abl e, her heart gradually slowed down. W were
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asking for nore blood, is there nore blood -- there was no
nmore bl ood available. W used up to six units we have
here. It will be another 10 mi nutes before we can get the
bl ood down, and this 20-year-old girl died.

So this problemis the sane as it was in 1999;
the last time | was here at one of these neetings. W
have patients who -- this is not sone theoretical concern
-- we have patients that are dying because they don't have
blood. And this is at one of the busiest level 1 traum
centers in the United States that this occurred. This is
not |like sonme place in North Dakota that doesn't have a
bl ood bank.

It turns out that less than 1 percent of trauma
patients receiving greater than 75 percent of all the
bl ood transfusions. So it's a fairly small popul ation
that gets nost of the blood. And there has been a mmjor
cul tural change since 1999, in that we as trauma surgeons
and intensivists don't give blood very much anynore. W
| ooked at our bl ood transfusion adm nistration history,
and we found that we had decreased the nunber of pack
cells given to our traunma patients by 25 percent.

Recogni zi ng that trauma uses up about 25 percent of al
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the bl ood transfusions in nost major tertiary care
hospitals, with another quarter being used by transplant,
and then the other half is sort of |like everybody el se.

The ot her coment | would make is that 40
percent of Americans are greater than 1 hour from any
trauma center. So if you're driving on a vacation, in al
I'ikelihood, you may well be if you are not in urban
center, far away froma trauma center, possibly near
hospitals that have no blood available. So if you are
unfortunate enough to have a bad injury out in a rura
area, you may not have access to a bl ood bank or the
ability to get a massive transfusion. So that's item
nunber one.

The second thing is on clinical trials
feasibility. W recently conpleted a trial at seven of
t he busiest trauma centers in the United States over 18
mont hs. These were all in severe henorrhagi c shock
patients. To get entered into the trial, you had to
receive a unit of blood within 6 hours. Ckay, so in
shock, receiving blood. In those seven centers which had
t housands and t housands, and thousands of patients during

t hose 18 nonths, we only had 382 patients who nmet entry
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criteria into the study, and of those, about 90 got the
massi ve transfusion -- that was Fred More's data -- but
90-93 got nmassively transfused to find these 10 units in
24 hours, and only 50 died.

So we're doing nortality studies. The fact is
that froma care, the United States, pretty darn good.
Not that many people are dying. Even in conmbat now, with
Dr. Holconb's help, the mlitary has reduced nortality way
dowmn. So we're doing nortality studies, we're tal king
about large trials because not that nany people are dying.

The third point is, you know, recently |I had a
fam |y menber who underwent chenot herapy for non-Hodgkin's
| ymphoma. The chenot herapy | ed himto have a white count
of like zero; he went into septic shock, went to the
hospital and al nost died. Now, we didn't imediately go
out and say, well, gee, we need to stop giving
chenot her apeuti c agents because we are treating his
cancer, he is going to die fromhis cancer. These
patients are going to die fromthe | ack of blood, and we
need to start thinking about it inalittle different
ri sk-benefit ratio, because this young worman, this 19-

year-old -- no question. No question whatsoever. I|f we
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had 10 units of a henpbgl obi n-based oxygen carrier, she
woul d be alive today.

In fact, we had an airplane that was |landing in
Arkansas picking up a liver right then. Just
serendi pitously, the liver transplant teamwas com ng in;
we were going to put a new liver in this woman. She'd be
alive today, 19-years-old, a nmenmber of our workforce,
maybe she woul d be working for the FDA, you know -- if in
fact we had an HBOC avail abl e.

So this is a very clinically relevant thing.
It's not going to an easy thing, | realize, to approve,
but | really think you need to start thinking about cost-
benefit ratio simlar to chenotherapeutic agents, rather
than simlar to a crystalloid or colloid. Thank you.

MR. KLEIN. Thank you very nmuch. Wuld the
speakers please cone up to the podiun? | thought you were
going to say that it wasn't soneone without a liver, but
wi thout a heart that was going to be working for the FDA

(Laught er)

MR. KLEIN. And if there are -- if there are
cards, someone is going to collect themand bring up

there, and while people are getting settled, let nme ask
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the first question. Thank you.

Dr. Natanson, | will start with you since | know
you so well. Your recently published neta-anal ysis showed
increased nortality in nost every category of trial, with
nost every HBOC that was avail able, and showed an increase
in cardiac problens with virtually every setting and with
virtually every drug. Now, we've just heard about
situations where there are very high nortality and trauma
i n young peopl e.

Is this a setting where one could think of using
an HBOC despite the data that you've put together, because
of the potential benefit outweighing the risk?

MR. NATANSON: Renenber, there has been no
meani ngful Iy beneficial effect reported in any clinical
trial of HBOCs. Yet, there has been a statistically
significant overall increase in nortality, and al nost
threefold increase in nyocardial infarction. So if you're
going to study it in humans at this point, | think the
only population that a justification could be made is with
a 100 percent nortality. And you have to be assured of
t hat .

MR. KLEIN. Wuld anyone coment on the panel,
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we have a nunber of --
MR. DEMETRIADES: |If we are ever going to show

any difference, any efficacy, you need to sel ect your

groups very carefully. 1It's unlikely to show any benefit
if you have a -- if you cast your net too broad. You need
to get patients -- young patients with no associ ated

di seases, with -- trauma, and a bl ood pressure, very | ow,

and then overall nortality of 30 to 40 percent. You're
choosing different groups; | think it's unlikely to show
any difference.

MR. KLEIN: Any other comments, Mtch?

MR. FINK: So just had a couple of -- two
i ntroductory comments. First of all, | chose not to say
anything during the formal presentations, because | really
had very little to contribute. And secondly, although
|"ve recently joined the dark side, and work in an
i ndustry setting, ny current conpany has nothing to do
wi th transfusion or blood products, or resuscitation, and
so |''munconfli cted.

' ve known Chuck Natanson for alnobst ny entire
adult life, and | have enornous respect for him and |

usual ly disagree with him But in this case, | nust say
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that | think he makes perfect sense. | think his analysis
is spot on, and this is -- he's exactly right. |In order
to show a difference on the positive side for HBOCs, given
the current technology -- I'mnot tal king about the next
generation HBOCs, which m ght be different and m ght sol ve
the nitric oxide scavenging problem-- in order to show a
benefit, you really have to study patients |like the one
Steve Cohn was tal king about, where the probability of
survival in the absence of the resuscitation fluid is
exactly zero percent. There, there is a possibility for
showi ng benefit. The problemof course is that finding

t hose patients in meani ngful nunbers and being able to
conduct a study in sone kind of reasonable tine is a
extraordinarily difficult challenge.

Now, the other comment | would nmake is the
foll owi ng. Henogl obin does in fact scavenge nitric oxide.
There is a |lot of controversy here, but there is no
controversy about the fact that iron 2 in a hene noiety
binds nitric oxide with high affinity. And the class
effect is related to the binding of nitric oxide by
henmogl obin. That's sonething that we can't get away from

|'d al so point out that people have done a nunber of

52



trials by nodulating the nitric oxide pathway. And when
you nodul ate the nitric oxide-guanylyl cyclase pathway by
activating it, you can turn things into useful drugs
ranging fromnitroglycerin to inhaled nitric oxide, to

Vi agr a.

But when you turn off the nitric oxide-guanylyl
cycl ase pathway, you run into problens, and it doesn't
matter whether it's septic shock, or resuscitation; that
seens to be a problem | think there is a |esson there,
and before we would nove on to study broad groups of
patients, we need to solve the problemof nitric oxide
scavengi ng rel ated to henogl obi n- based oxygen carriers.

MR. KLEIN. Mtch, if I could just follow up on
that. Are you suggesting that if you're still in
Pittsburgh and | came to you with any of the current
generation or the previous generation of HBOCs, for any
clinical setting, you'd be reluctant to use any of them
knowi ng what you know now?

MR. FINK: Absolutely. If you cane to ne in
Pittsburgh, it's not in the mddle of the plains in North
Dakota as Steve pointed out, it's at a urban nedica

center where there is access to pack red blood cells, and
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i f you needed oxygen carrying capacity, which as Dr.

Hol conb pointed out is usually not the case. But if you
did in fact need additional oxygen carrying capacity, |
woul d use pack red bl ood cells.

MR. KLEIN:. This is for Dr. MV ahakes. Pl ease
expound on your statenent that vasoconstrictors don't
override metabolic autoregulation. And as a second part
to that, do you believe that vasoconstriction is not a
potentially adverse property of the current HBOCs?

MR. VLAHAKES: The first part, if you | ook at
the studies that -- and again, we're talking about
experinmental studies -- shock preparations, et cetera, you
do not get a deleterious effect on | ocal and organ bl ood
flow, including nodels of massive bl ood replacenent that
started out with -- that started out with preparations in
shock.

Secondly, if you |look at studies done on the
coronary circulation, which is my personal interest, not
only did the materials not override netabolic
aut oregul ation, but they had oxygen carrying capacity,
whi | e decreasing viscosity. So if you henodilute with an

HBOC -- and this was published in Artificial Cells,
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Bi omaterial s, George Hodacasceu (phonetic) is the first
aut hor -- you can actually increase maxi nrum potenti al
oxygen delivery in the coronary circulation. W' ve never
seen an override, and this includes materials that contain
substantial anpbunts of tetraner.

Your second question -- the second part of that?

MR. KLEIN. The second part was whet her the
vasoconstrictive effects of HBOCS are sonething that
you' re concerned about in your clinical work?

MR. VLAHAKES: Well, there is two related answers
to that. 1In the cardiac surgery trial, we have conplete
control over the henpbdynamics. W are neasuring filling
pressures; we are in an intensive care setting where bl ood
pressure can be managed if it becane an issue. But nmany
of the patients have the problem of | ow SVR

Recovering froma narcotic-based anestheti c,

t hey may have been on vasodilators |ike ace inhibitors
before surgery; there's a relative degree of surgically-

i nduced anem a and its potential consequences on SVR So
in the cardiac surgery trial, any vasoactive effect was
nore likely to be a benefit rather than a detrinent, and

we were able to manage it again in the I CU setting.
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W picked the ICU setting on purpose in order to
have that degree of control and the ability to gather the

data. Now, to carry that further, there was a study

publ i shed -- an animal study that |ooked at resuscitation,
with, I think, the diaspirin cross-Ilinked, the Baxter
material. And if you use blood pressure alone as a vol une

repl acenent endpoint, this particular study had
instrunmented the animals that were used, and you wind up
with very low filling pressures. You wind up with the
wedge pressures down in the low signal digits, if BP al one
IS used.

So one of the issues with the vasoactivity in
clinical setting, where you mght not have a | ot of
monitoring, particularly of preload, you can w nd up
under-resuscitating your patient, or in a |aboratory
setting, an ani mal .

So it is an issue, but it can be overcone with
nmoni toring and patient managenent, and it's part of
| earning how to use a new class of -- as | pointed out,
this is a new class of materials, and part of |earning how
to use a new class of materials is how to nmanage the

i ssues associated with it.
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For exanpl e, when am nogl ycosi de antibiotics
were introduced to clinical practice, renal failure was
potentially an issue with use of am nogl ycosi des, and what
came into the practice to manage it well, the ability to
measure peak and trough bl ood | evels, which all owed you to
control the risk of nephrotoxicity. Again, this is a new
class of material and the vasoactivity, if it's going to
persist as an issue with the class; it's sonmething we're
goi ng to need to manage.

For those who haven't seen it, | would call your
attention to a recent publication in circulation that cane
out of Warren's Air Force Laboratory, having to do with
pretreatment with nitric oxide. |It's fascinating, and
it's an issue that's going to need sone nore followup in
the | aboratory. And potentially, if we wind up in further
clinical trials with hunmans and the vasoactivity renains
an issue, it's sonething that m ght need to be consi dered.

MR. KLEIN. Let nme follow up on that question
and ask you then, do you feel that any of the current
generation of HBOCs woul d be usable in a trial of cardiac
surgery if you think that that may have a benefit?

MR. VLAHAKES: Well, the only setting -- the
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i ssue of course is the blood supply has changed and the
safety of the blood supply has changed, and if you | ook at
ri sk-benefit analysis, if you re able to use blood, if
this is not a patient where there is an absolute religious
issue -- religious issue for blood transfusion, it's hard
to go up against pack red blood cells in patients that are
having el ective surgery; it's very hard to do.

MR. KLEIN. Dr. Cohn?

MR COHN. Well, | just wanted to coment, |
just had a relative that had an aortic valve put in,
didn't require a pint of blood. M inpression and that of
many others is the use of blood in the hospital is
dramatically dropping. W don't use blood hardly ever for
general surgery, you know, aortic surgery it's --
basically nost of it's gone, and has been repl aced by
endovascul ar, where they don't use bl ood.

The radical prostatectony is used to be one of
our high blood | oss areas that's been replaced by robotics
and a bunch of others. So there has been a progressive
decrease in the use of blood. For sure, the redo, redo,
spine and the redo, redo this and that still requires sone

bl ood, but overall blood use has really been reduced --
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been limted, and | think part of it is because as
intensivists, we don't transfuse people in the ICU Ilike we
used to; we let people be anemic. And | think that in
cardi ac surgery, | wonder, Gus, what percentage of your
patients get transfused now?

MR. VLAHAKES: Well, it depends on your
patient's substrate. So if you' re dealing with people of
advanced age, and peopl e who have been -- who have had the
surgery on the heels of a hospital stay, where they have
been cat heterized, they will cone to surgery with a degree
of i atrogenic anem a and the so-called "anem a of chronic
investigation," as we call it. And those people will get
t ransf used.

The elective -- the elective aortic valve
repl acenent, such as you've nentioned, particularly with
t he techni ques of autol ogous primng of cardi opul nonary
bypass, now routinely use neasures of blood conservation
and scavenging all the red cells out of the profusion
circuit, you can get by an elective surgery w thout
transfusing people. But that's at |least in our practice,
that's |l ess than half the patient popul ation.

MR. KLEIN: This one is for Dr. Freilich, and
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this is would there be a different perception of HBOCs, if
the first clinical trial had been the one proposed by the
Navy -- and I'mgoing to ask Dr. Sloan after you comrent
on that Dan, what he thinks after having seen two trials.

MR, FREILICH The way |1'd like to answer that
is first, 1'd like to address sone of the comments that
Dr. Natanson nade. And | feel as though I know Dr.

Nat anson for decades al so, since the Friday release of the
do-not-di stribute JAMA article.

And | just want to say, first of all, | comrend
the work that was done, and | think it's very inportant
work. And | think the cormment that it's an overall class
ef fect, denonstrating potential -- or actually
denonstrating statistically significant increased
nortality and Ms with HBOCs in general -- and | think the
key word is in general -- is really inmportant. But I
think it should go no further than the general comment
t hat myel osuppression is a classic manifestation of nbst
chenot herapeutic trials. Now, having nade that comrent,
one coul d stop devel opi ng chenot herapeuti c drugs, or one
could figure out how to maxim ze the benefit and to work

with the nyel osuppression and still try to inprove outcone
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of your patients.

The second comment |'d like to nmake is that once
again, | think we have to be very careful about broad
brush strokes. And |I think one of themis conparing the
bl ood conpari sons and the non-bl ood conpari sons, because
in fact, that article nakes such a conparison, but there
are no non-bl ood conparisons, there are no trails to date
t hat have been done as such.

| just wanted to nake a coment to Dr. VI ahakes
about the potential for hyperperfusion due to
hyperresuscitation. And | think that's definitely a
concern. | mnust admt, | think in our institution we have
now eval uated HBOCs in actually 200, maybe 300 pigs. And
for what that's worth, what we have noticed is that if one
does pressure-controlled circulation -- pressure
controlled resuscitation, as was so often published in the
1990s and '80s before, that is high risk, and you see
mani f estations potentially including |actic acidosis.

And t hese have been published and have been

noted by FDA nunerous tinmes. |If you include a sinple
additional criterion such as heart rate -- and that's not
surprising, in the stroke index -- | mean, the shock index
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that was described by Dr. Sloan, that the addition of
heart rate to nean arterial pressure narrows it down to a
patient population that's really sick, and it allows you
to continue to resuscitate despite the vasoactive effects.

So to answer your question, | think, there would
be an enormous difference if one went and first | ooked at
high nortality patients who have a potential for benefit.
The potential -- last coment | want to make is that it is
-- I find it ironic that in this science, one requires a
zero adverse-effect potential.

When the regul ations -- and everybody expects
that it should be a reasonable risk, and to say that one
shoul d study only something where there is 100 percent
nmortality -- in other words, there is no risk -- | think,
flies in contrast with what has been done with all other
potent drugs. And I'min conplete agreenent with all the
comments that studies in 10 percent nortality, 20 percent
are undesirable with the current generation of HBOCs,
al though with risk mtigation studies, such as the
addition of nitroglycerin or inhaled nitric oxide or other
proteins to get rid of vasoactivity; maybe that woul d be

wor t hwhi | e.
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But | think that to say that higher nortality
studi es shoul d not be done unless they're 100 percent,
does not seemto fly with current practice.

MR KLEIN:  John.

MR HOLCOVMB: 1'd like to echo Dan's comments.
It is interesting --

MR. KLEIN. He nay be arned, so be very careful

MR. HOLCOVB: Yeah, that's right. Well |I'm
going to speak to that. So the two guys in uniformhere
that are in dogmatic organi zations are actually pl eadi ng
for noderation fromour civilian coll eagues.

(Laught er)

MR, HOLCOMB: | find that an interesting phase
to be in because, Chip, as a trauma critical care surgeon
inuniform it's not a normal place for ne to position the
whol e -- 100 percent, do you really mean that?

MR NORRIS: | absolutely nean that.

MR. HOLCOVB: That's really unfortunate. |
woul d agree with Dan. Nothing is 100 percent. Standing
in the enmergency departnent, trying to figure out what
cavity to operate in, what fluid to give, how much, when

to start, when to stop; Sir, that is not a 100 percent
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place to live, that's not reality. Your comrents rem nd
me of the statistician fromyesterday. They don't live in
reality. And so let's --

(Appl ause)

MR, HOLCOVB: Now, the flip side is, your
article is fascinating, and | don't disagree with many
ot her things you said. It causes us to pause, and have
guestions and to do further study. So ny plea is
actually, to do a series of iterative energency research
studies in this area. That's what we need, so we can have
nore data within which we nmake good deci si ons.

When you read the "shock” chapter in ATLS, |
know all of you have taken ATLS because you're all are
trauma experts -- when you read the ATLS chapter and go to
the references, the guide for nassive transfusion used in
2008 was a paper witten in 1985 that has no control
group, and has 11 patient centers. That's when we do
massi ve transfusion today, in 2008. It was in a really
poor paper from 1985.

The second paper is actually nuch better, it's
from 1976, and recommended whol e blood. That's the state-

of-the-art in massive transfusion in the United States,
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and around the world because ATLS guides early traunma care
around the worl d.

And | adi es and gentl enen, we need to do
iterative studies. Nothing is 100 percent to get better
than that. Thank you

(Appl ause)

MR KLEIN: | don't want to let Ed Sloan off the
hook. Ed, you were the PI for the Baxter study, and |
know t hat has been anal yzed and re-anal yzed, and re-re-
anal yzed. And we heard TimEstep tell us that there may
be lots of reasons aside fromtoxicity of the drug why the
trial was stopped for excess nortality. W know about the
trial that was stopped in Europe, even though there wasn't
excess nortality.

You' ve | ooked at that so |ong, would you today
be able to design a trial using one of the generation of
current HBOCs, whether it was the now di scontinued
henmocyst or sone other -- in a simlar trial, know ng what
you know?

MR. SLOAN: Yes, in reanalyzing this for 10
years, there are two things to consider. One, you need to

have control over knowi ng what patients are being entered
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to make sure that they are not call violations that
sabotage the ability to study the effect of any

t herapeutic. The second would -- | would avoid inclusion
of any patients with a GCS of three.

So with regard to the coomments that have al ready
been nmade, | woul d suggest the followi ng. You cannot
study a patient population in whomthe nortality is likely
to be 100 percent. You're pointing us in the direction of
studying the nost critically ill patients that we can
st udy.

| would therefore | ook at patients with an
extrenely |l ow RTS, who are physiologically ill, who likely
have a great deal of injury as neasured by the injury
severity score. | would exclude the use of the GCS equal s
three patients, and then you m ght approach nortalities of
70, 80, 90 percent, which will allow you to study a very
sick popul ation of patients, and still understand whet her
or not there maybe benefit -- therapeutics.

Regarding Dr. Natanson's data, |'d |ike to just
make two comments if | could. Mich as we when doi ng any
study, if the study ends up not putting as where we need

to be, we try to look for subsets, in whomthere m ght be
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benefit in order to -- hypothesis generate for the next
study. | would also take data and say, let's | ook at the
pati ent popul ations for whomthese class of drugs appear
to inpart the greatest harm

In other words, if nuch of the nortality
i mbal ance is related to a stroke study, and you don't
include it -- include stroke patients in your future
studi es, you nmay have overcone sone of the problemor sone
ot her hurdle that we now face, based on the aggregate
net a- anal ysi s.

The second comment | would make is we need to be
very careful in |looking at nyocardial infarction --
because if many of the patients who are clainmed to have
myocardi al infarction, it was on the basis of elevated
cardiac enzynes. But ultimately, there was no |eft
ventricul ar dysfunction and/or long-termnortality rel ated
toit.

| think nost of us, if we believe that the
t herapeutic would i nprove outcomes in other ways, would
settle for sone elevations -- which may occur
incidentally, just with the use of pressors or other

agents, | state parenthetically. So there are sone --
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think that the work is inportant. | just think now what
forces us to look closely at -- to find out how we can
identify a patient population who is least likely to be
harnmed, given this aggregate neta-analysis |look, and to
consi der things such as enzyne el evations, which nay not
be clinically relevant, if you have a gunshot wound and
you no |longer have a liver, and you're just in need of
bl ood or sonme oxygen-carrying solution, or any type of

t herapeutic to get you over the hurdle.

MR. KLEIN: Thank you. | think I'mgoing to
| eave the definition of M to the next panel, which is
going to specifically | ook at organ toxicities, but that's
an inportant point. | think Dr. Fink wanted to make a
comment, and then Dr. Cohn. Mtch?

MR. FINK: So, just a couple of three quick
responses. First of all, conparison has been nade severa
times this norning, and | think even yesterday, to
cytotoxic chenotherapy for cancer. As far as |'m aware,
currently -- I'mnot an oncol ogist, but as far as |I'm
aware, currently there is no alternative to cytotoxic
chenot herapy for cancer.

But there is an alternative to HBOCs for
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resuscitation, for the vast majority of patients who need
addi tional oxygen-carrying capacity, and that's pack red
bl ood cells. Although pack red blood cells carry their
own risks, trolley (phonetic) being the biggest as far as
| am aware, they do have a remarkable safety record.

So if you're going to study an HBOC in a high-
risk population, it has to be in a popul ation where the
alternative, that is pack red blood cells is unavail abl e,
| think, in order to conduct a study ethically. That is a
reasonabl e study to do. |It's just -- froma |logistica
standpoint, extraordinarily difficult one to do.

It's just an extraordinarily difficult study to
do. The second point is | think there was a conment made
this norning that because the bl ood-lactate concentrations
in sone of these subjects who recei ved HBOCs were not
significantly different than the control group, that there
is no evidence of tissue ischema. The problemwth that
assessnent is that blood |actate concentration in trauma
victinms has nothing to do with blood flowto the tissues.
It has to do with the circulating catecholamne |levels in
the patients. |[If you beta-block the patient, the bl ood

| actate concentration drops.
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It's a biochem cal nechanismat the |evel of the
skeletal nmuscle; it is not a reflection of |ocal tissue
perfusion. So it's not a useful neasure of whether you
are causi ng vasoconstriction in key vascul ar deat hs.

MR. KLEIN. Dr. Cohn, and then Dr. Natanson.

MR. COHN. Ckay. W are conducting a
resuscitation trial and taking patients in profound shock
including patients with severe brain injuries with d asgow
Coma Scal e of 3, the highest we can get our nortality is
about 40 percent. That's the people that conme in that are
herni ated. And so, 100 percent popul ation, probably not
viable, unless they're actually in conplete arrest, and
now, you are tal king about reanimation, it's conpletely
di fferent kind of bargain, that's nunber one. Ckay, the
Lazarus effect.

The second thing is in regards to Dr. Finks'
comment. One of the problens with doing clinical trials
is that the trauna patients were in urban centers, and as
you' ve heard fromthe Pol yHene trial, they attenpted to
conpare a bl ood substitute or an oxygen carrier with -- in
a setting where there was not bl ood available, in the pre-

hospital setting. But the pre-hospital tine in both
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groups is only 26 mnutes. And it's hard to know how nuch
you could get in 26 mnutes, and al so what kind of benefit
there m ght be, which |leads you to say, well, what about

3-hour transports.

Earlier in ny tinme, and in ny current position, | was
on call in-- 1 got a MedCom Call that the helicopter was
headi ng out to pick up soneone 2 hours away -- 2-1/2 hours

away in a place called Walde, who had been shot in the
groin who had been shot in the groin and was hypot ensi ve.
And t he hospital crew brought sonme blood with themto the
smal | hospital, and en route back, he got four units of
bl ood, and when he arrived he had no bl ood pressure and a
barely pal pabl e carotid pulse. He survived because they
had brought their oxygen carrier out with them

Doing the trial in that population, |ong
transports, | think would be extrenely logistically
difficult to do. And one of the issues that Dr. Hol conb
and | were tal king about yesterday is that the crews
typically break -- they go -- they're becom ng
nonconpliant. They know that blood or a blood substitute
is better than nothing in this person who is in shock and

dying. They're going to go head and break the code and
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give it if it's onboard.

They're just not going to conply with this. No
one's going to let a patient die. The crew thinks that
it's going to resuscitate him they're going to give it.
So it's very difficult to do this kind of trial, even
t hough | agree that m ght be a good opportunity.

MR, KLEIN:  Dr. Natanson?

MR. NATANSON: | want to state ny case a little
bit nmore clearly. | amfully supportive of HBOCs. |
think this is a great idea in the area of research that
needs to be fully, fully supported and -- nove forward.
It's a product that we desperately need. [It's just at
this point, if you conpare the data that | provide and the
data that Dr. Silverman provides, nyocardial infarctions
nortality are not the limt of toxicity.

The toxicity involves renal failure, stroke,
pul monary injury, liver function abnormalities,
pancreatitis. |If you |ook at these data sets, these are
diffusely toxic. W need to return to the ani mal nodel s.
W need to get a new fornulation, and in order to nove
this field forward -- which we need to do -- we need to

come to that understanding. And that is only way |
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believe, we are going to advance the field.

MR. KLEIN. Let nme just follow up on that
because | had a nunber of questions for you, sone fairly
inflammatory. But let ne just ask this one, which is |ess
So0. Meta-analysis usually | ooks at outcones from studies
using identical drugs. How can you |lunp together so nany
di fferent studies using different HBOC products?

MR. NATANSON. Are you aski ng ne?

MR. KLEIN: Yes, Chuck, could you address that
one?

MR. NATANSON: Say it again, I"'msorry. Say it
agai n.

MR. KLEIN. Usually, when you're doing a neta-
anal ysis, you're looking at a single drug. How can you
| unmp together so many different studies using different
HBOC pr oduct s?

MR. NATANSON:. There is no (inaudible) what you
do in ternms of nmeta-analysis. Meta-analysis begins with a
guestion -- a scientific question. The scientific
question we asked was is, these are all henogl obi n-based
products, and they are all blocked -- or inhibit nornmal

function of nitric oxide. But once you do a neta-
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anal ysis, you then are required to not conpare apples and
oranges, you can only conpare like effects. And so then,
what you do is you do a test of heterogeneity. And the
test of heterogeneity is the Breslowday test we did, and
we found that the treatnent effect was very consi stent
across all of these clinical trials, regardl ess of the
clinic indication that was used, regardless of the

manuf acturer, regardl ess of whether it was a published
study or an unpublished study, and regardl ess of the
chem cal alteration

MR. KLEIN. Dr. Denetriades?

MR. DEMETRIADES: 1In this panel, we've heard
sonme real, hard, scientific facts, which unfortunately, we
do not like. And then on the other hand, we've heard sone
one-liners and clever things, which we like. At the end
of the day, there is a nessage for the industry. There is
a major need for these products; we are still not there.
You need to go about and inprove these probl ens.

And | want to urge the FDA, at |east, for
conpassionate use, to look into this again an allow us to
go ahead with that. Thank you.

MR. KLEIN:. Thank you. Dr VI ahakes?
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MR. VLAHAKES: A lot of the questions that have
been posed are only going to be answered by through
clinical research. And you're not going to be able to --
there is only so nuch you can do with ani mal nodels, et
cetera. And one of the decisions that's going to have to
be made by the agency is whether or not it's going to be
back to the | aboratory and to the dreaded R word
"refornulate,” in order to get us sone clinical trials.

Secondly, | woul d enphasize the inportance of
piloting clinical studies in phase 2. And the agency has
occasionally even suggested that -- to vendors that they
shoul d pilot their planned phase 3 clinical trails in
phase 2. And on one occasion, that advice was not heeded
to the detrinment of the ultimte phase 3 trials.

So there is alot -- there are a | ot of bugs to
be worked out, when you're using this in the clinical
setting. And I'm not speaking now, so nuch of the kind of
the fast-pace, fast-breaking trauma setting, but the
setting in other surgical areas with inpatients.

The second thing is hospital care has changed a
lot, and if you have a brand-new entity being put into

clinical trial at an institution that has never used it

75



before, you really have to assess your clinical sites, and
to find out about issues such as clinical areas that are
covered versus not covered, other hospital |ist, how
consistent is the postoperative care and the ability to
get very good observations nmade, and potential problens,
ei t her eval uated properly and aborted.

The change in -- for exanple, how staff hours
and the increasing nunber of services that may not be
conpl etely covered or cross covered in the off-hours can
have a potential adverse inpact on the conduct of a
clinical trial. And sone of that, you're going to find
out through a well-anal yzed phase 2 trial, before you get
i nto phase 3.

MR. KLEIN: Thank you. We've reached the end of
the hour. And | have a whol e packet of questions. So |
woul d just ask those who wote them attack our panelists
in the dry coffee hour. | want to thank our panelists for
taking the time to cone here, for keeping to their tine
and for their opinions. Thank you very mnuch.

(Recess)

ORGAN SPECI FI C ASPECTS OF SAFETY
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MR. VEI SKOPF: Pl ease everybody take your seats
SO we can begin.

In the past day-and-a-half or day-and-a-quarter,
we have heard nuch about toxicities and mechanisnms and the
pl anni ng group has put together and organi zed a group of
experts regardi ng subject of organ toxicity and they wl|
be exam ning the HBOCs in that light, in |light of specific
organ toxicity, trying to draw on various sources of
i nformation.

The nanmes are as you see them before you and
they are all professors at their honme institutions, of
course, with the exception of Mark 3 adwin who is here at
the NNH and that’s not to say, he isn’'t as acconplished as
the others, it is just it doesn’'t offer that |evel of
title.

In addition to professorships that you heard M.
Mtch Fink point out, he is also the CEO of a bio-tech
conpany and | also consult through a bio -- a
phar maceutical -- a conpany as well.

And these are the topics that these people wll

be maki ng sone presentations, followed by a panel
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di scussion. And here, I'mnot going to read all this,
this is just too nuch. [I’'ll summarize it though. These
are the conflicts of interests that go back much further

t han the governnent generally requires. Many of these are
Pal eolithic information, and the only thing that really is
truly current is Mark d adwin’s disclosure that he has
both a patent and a patent application regarding nitrites.

The format of this session is very simlar to
the one that we just finished, and that is, we will have
very brief presentations by the panelists of five m nutes
each, followed by a question and again, questions fromthe
audi ence are in the sane witten format.

But before getting to that, 1'd like to nake a
few comments about the limtations of our discussion here.
And | want to give you a little bit of ny perspective
before | even say -- talk about the limtations. That
followng a nearly 30-year academ c career, which included
not only consulting for industry, doing ny own trials,
doing trial designs, doing phase | trial in HBCCs,
consulting for the FDA at tines.

| then went to industry, a different industry

unrel ated to HBOCs, but worked with executive nanagenent
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in a noderate-sized pharmaceutical conmpany for two years,
SO0 -- and | understand industries’ concerns very well, |
t hi nk.

So |’ve conme at this froma variety of
perspectives and we have all heard those perspectives here
in the past day-and-a-half. Wth that in mnd though, |
feel it necessary to point out the limtations that not
only this panel will be discussing, but the limtations as
we have heard ot her peopl e discuss and perhaps even as we
read the literature that the -- we are dealing with a
limted amount of clinical information in the public
domai n.

The FDA of course has a database, which is nuch
| arger than the information we have been di scussing and
that is because much of that information is proprietary.
Not all conpleted trial data even are available to the
FDA, as we all know, sone trials have been finished and
data never submitted to the regulatory authority.

This raises issues not only of efficacy and
safety that we have been tal king about. But | think it
al so raises issues of ethics that | would hope that in the

next panel will be addressed as well. |In addition to
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that, not all the public information we have been

di scussing or will discuss is peer-reviewed. Sone of it,
as you have heard, come from corporate announcenents, some
perhaps from abstracts that are not necessarily peer-

revi ewed.

In addition to that even the data -- all the
data, whether it be public domain or not, peer-reviewed or
not, rmuch of it depends upon site-reported information as
opposed to i ndependently reviewed AEs and SAAs. Both of
t hese types of data have their own problens, and make it
difficult for us to have a full clear discussion.

And for those in the audi ence and el sewhere who
believe that their data are not correctly interpreted by
sone, the only answer | can propose to themis that if you
believe that, the answer is to be nore transparent with a
great deal of clarity.

In addition, what we have been talking -- a | ot
of what we’ve been tal king about, have | unped things
together with resulting heterogeneity, which has the
potenti al disadvantage of diluting signals fromi ndividual
study trials.

Wth those brief comments, | think, we'll nove
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on to the first speaker, and the first speaker is
Prof essor Baines fromthe University of Toronto who w ||
talk to us about renal issues.

MR. BAINES: Thank you very nuch. It’s a
pl easure to be here and very entertaining at tines. W
guestion is, why is acute renal failure so unconmon in
these HBOC trials. If we look at Dr. Silverman s review
of the available literature, it is only about one percent
of the controlled patients and not significantly different
proportion of the test subjects that have what is reported
as acute renal failure.

There has been a recent review of careful
anal ysis of renal injury, acute kidney injury, in various
i ntensive care situations, the ones which are nost
relevant to, | think, our situations are those after
el ective cardiac and abdoni nal aortic surgery and what is
found there is that the, the incidence of acute kidney
injury and the word is different, is about 15 to 22
percent. That’s w thout any use of HBOC. One wonders
t hen, have we got a problem of definition here as to what
is acute kidney injury and what is acute renal failure.

There has been a recent consensus conference,
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which has nodified the riffle criteria. The riffle
criteria we devel oped about 2004, for eval uating ki dney
injury and classified it into risk, injury, failure, |oss,
and end-stage di sease.

W now have stage 1, 2, 3, and they are
classified on the basis of the serumcreatini ne changes
and urine output changes. And if you use those criteria,
and the data that’s provided by Dr. Silverman, it seens
that in the trials that we had information to go on that
t he preval ence or incidence, sorry, of stage 1 and stage
2, acute kidney injury in the HBOC trials was greater than
25 percent decrease in GFR in both the Henpsol and Baxter
trials.

And interestingly, an apparent increase in GFR
in the Biopure and Somatogen trials, and there is only one
trial where the goal standard was used for neasuring
glonerular filtration rate, and that was the Sangart trial
whi ch used i ohexol clearance.

And one wonders whether, rare or uncommon
predi sposing factors account for the |ow incidence of
acute kidney injury, which is still |ow by conparison with

some of the reported I CU incidents, which can get up as
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high as 70 or 80 percent of the patients in |ICU having
acute kidney injury by these new criteria.

There have been studi es whi ch suggest that
pol ynor phi sns and a variety of factors involved with
processi ng reacti ve oxygen species and inflammtory
reactions may account for the susceptibility of sone
patients to acute kidney injury where others will escape.
It may be differences in drug therapy with ACE inhibitors
and NSAIDS, and so forth, age, and di abetes.

There are limtations in picking up kidney
injury by using just serumcreatinine, because of the
del ayed response in the rise, the nonlinear relationship
to glonerular filtration rate, and very often, al nost
al ways, | would think, the unknown initial glomerular
filtration and serum creatinine.

This leads to an ascertai nment bias, for
exanpl e, you take the 0.38 mlligramper deciliter
i ncrease that was reported in the Henosol trials, and you
put that increase on a base of 0 6 mlIligrams per
deciliter, the lower reference range for a wonman; that
woul d be equivalent to a 40 percent decrease in G-R

If you put it on top of the upper reference
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range, 1.1, it’s only a 26 percent decrease in GFR, but it
takes it out of the reference range, and that would | ead
to that individual being classified as having perhaps,
acute renal failure, when in fact they had a nodest
decrease in GFR, and the other person would be classified
as being within normal reference range and not abnornmal .

What we need are better markers, sort of a
troponin for the kidney and these are being now revived
again in the Sangart trial NAG was used, N
acetyl gl ucosam ne, indices of inflammation and NGAL, IL,
interleukins, and KIMI which is a marker of proxi mal
t ubul ar changes.

Lastly, the one problemthat we faced is that
ani mal nodels don’'t correlate well with human di sease. It
is very hard to reproduce acute renal injury that m mcs
t he human di sease.

That havi ng been said, when you do | ook at what
happens with acute kidney injury, it is primrily an
apoptotic and necrotic condition in which there is a
consi der abl e conponent of tubular intestinal inflammtion
and the response seens to be triggered not by nitric oxide

but by reactive oxygen speci es.
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Changes in blood vessel perneability with gaps
and | eukocyte adhesion and activation of (inaudible) and
so forth, nust play a role. Wat we don’t know anyt hi ng
about is what happens in the long term There are studies
in animals, which show that repeated henogl obin injections
or a single instance of ischema or reperfusion will |ead
to long-termchanges with tubular interstitial scarring.

So ny conclusion is that sone patients and sone
animal s respond poorly to the stimuli or sinulation of
acute renal failure and we don’t have any data in the
older trials that -- to say how many had stage 1 and st age
2 acute kidney injury and we have no long-termfollow up
on either HBOCs or red blood cells. Thank you.

MR. VEI SKOFF: Thank you.

(Appl ause)

MR. WVEI SKOFF:  Qur next speaker is Mtch Fink
who will be talking to us about G system

MR. FINK: So good norning, again, ny
appreciation to Dr. Wiskoff for inviting me to participate
in this panel and to be able to attend this very
entertaining and informative neeting. There is certainly

no shortage of controversy in this field, and I think the
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only thing that everyone really agrees on is that the
medi cal need is enornous and we all really do have an
interest in solving this inmportant problem

So ny task was to spend a mnute or two talking
about @ conplications. | interpreted the G tract to
nmean the tube that goes fromyour nouth to your rectum and
all the organs that are connected to it, and in her
presentation yesterday, Dr. Silverman presented you with a
ot of data related to organ systemtoxicities that have
been associated with HBOCs and | sinply extracted sonme of
the data that she so carefully collected and presented,
just to outline that.

O the eight HBOC products, at |east five of
t hem have been associated with G -related AEs and at | east
three of them have been associated wth at | east
bi ochem cal evidence of acute pancreatitis.

So al though there are all kinds of G
conplications that have been reported, really the three
nost consi stent ones have been evi dence of pancreatic
injury, evidence of hepatocellular injury, and chest pain
of a sort that’s consistent with esophageal spasm

Pancreatic injury has been evidenced by
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i ncreased circul ating concentrations of the pancreatic
enzynme, |ipase, increased circulating concentrations of
anyl ase, and in nmuch nore rare instances, clinically
apparent evidence of acute pancreatitis.

Hepat ocel l ul ar injury has been evi denced al nost
excl usively by biochem cal changes, specifically increased
circulating | evel s of transam nases and t he nost
consi stent finding of esophageal spasm has been fairly
cl assic chest pain findings.

| would point out that the biochem cal changes
associated wth pancreatic injury and hepatocel | ul ar
damage are likely the tip of the iceberg, and if HBOCs
were used in a epidemologically significant way, that is,
hundred of thousands or mllions of exposures per year, it
is very likely that nassive hepatocel |l ul ar damage and
nmassi ve acute necrotizing pancreatitis would turn up as
rare, but clinically very inportant problens, just as been
the case for when hepatocel lul ar enzyne changes in initial
phase studies have turned up later, once a drug is wdely
avai l able in the market, as rare instances of acute
hepat ocel | ul ar necrosi s.

So what are the nechani sns responsi ble for these
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changes? | amnot going to talk about all of them but I
amgoing to focus on acute pancreatitis. There is
probably two non-mutually -- nutually conpatible

mechani sms.  And the first, ENO scavenging is known to be
abl e to cause spasm of the sphincter of Qddi and that
woul d i ncrease intraductal pressure in the pancreas, and
in ani mal nodel s increasing intraductal pressure is one of
the ways that you can cause acute pancreatitis.

Secondly, ENO scavengi ng can di m nish or inpair
pancreatic m crovascul ar perfusion, and again, in aninal
nmodel s, causing pancreatic ischema is one of the ways
that you can induce acute pancreatitis. A conbination of
i ntraductal hypertension and pancreatitic ischema is a
really bad conbination, and is very likely to be
associated with the devel opnent of acinar cell danage and
t he induction of pancreatic inflammtion and pancreatitis.

Addi tionally, as was pointed out yesterday,
there is a possibility that a non -- or a nmechani smt hat
is not directly nitric oxide related or related to the
scavenging of nitric oxide m ght be inportant.

And that’'s, for exanple, the liberation of

reacti ve oxygen species or hypervalent iron in the
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pancreatic mlieu causing redox-nmnmedi ated damage to the
pancreati c parenchyma. Thank you very much for your
attention.

(Appl ause)

MR. \VEI SKOFF:  Thank you very much. Each of
t hese speakers really has a daunting task of trying to put
t oget her the nyriad anount of sources of information and
what we have heard over the past day-and-a-half, and
perhaps the nost difficult of this taskforce our next
speaker, David Warltier, who is going to try and nake
sense out of the various pieces of cardiovascul ar
informati on we have heard.

MR WARLTIER | thank Dr. Wiskoff and the
organi zing comnmttee for the opportunity to participate
today. The -- | thought, first, we’'d take a | ook at sone
henmodynam cs, and when | was deci di ng what subject matter
we shoul d take, and which of the many different HBOCs we
shoul d | ook at, | though nmaybe 1’1l just take one that we
worked with in our research |aboratory, and this is data
fromdogs, and it’s with the reconbi nant human henogl obin
from Somat ogen, the first generation product.

I f you take a I ook at this data, it is change in
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nmean arterial pressure frombaseline, with three different
doses of this drug; plateau is around 35 mllineters of
mercury, at a dose of between 1 and 2 granms per kil ogram
So large increases in arterial pressure and the mechani sm
for this was an increase in peripheral vascul ar
resi st ance.

In fact, this produced a decrease in cardiac
output. The decrease in cardiac output was not related to
ionotropic state. Here is left ventricular DPDT neasured
at 50 millimeters of nercury and there was no significant
change in this.

Large i npedance for left ventricular ejection
produced by an increase in afterload is associated with an
increase in left ventricular and diastolic pressure here
at the high dose increasing to alnmost 10 mllinmeters of
mercury; this increases, despite control of intravascul ar
vol une.

Now, just one last thing | would |ike to nmention
is there is a significant decrease in heart rate and one
woul d think that this is probably related to baroreceptor
reflex, but in fact, the decrease in heart rate actually

occurs in isolated heart preparations.
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Sonme nore data with this Sonmat ogen product, and
this shows a vascul ar resistances in a nunber of different
regional circulations, the data in rats using radioactive
m crospheres. And in alnost all these beds, we can see an
i ncrease in vascul ar resistance.

This was especially true in the kidney. There
were a couple of exceptions to this. A skeletal nuscle,
whi ch has such low flow to begin with, it is really
difficult to decrease it any further in the anesthetized
rat, and -- but also in the left ventricular nyocardi um
there was no visible change of vascul ar resistance,
probably due to the inportance of netabolic autoregulation
in this preparation.

Now, interestingly enough, the second generation
product, this is again reconbi nant human henogl obi n, but
that’ s been genetically nodified so that it does not bind
to nitric oxide. There were no changes in any vascul ar
resistance with this conpound.

Those were typical physiol ogi cal changes.

Al t hough we woul d all agree that these HBOCs clearly are
different chemcals, this is inportant | think anatom cal

nor phol ogi cal data. Henogl obin nyocardial |esions were
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first noted during dosed escal ati on studies of the
di aspirin cross-linked henoglobin. There were first seen
i n cynonol gus nonkeys; it's species-specific, at |east
certain species are, primates are, nore sensitive to this.

Now, what these |esions are, are punctate
degenerative very diffuse |lesions across the |eft
ventricle, and they're very, very small. Wat you see is
a formation of vacuoles in the lysis of nuclei in
cardi onyocytes. It's actually very simlar to chronic
confusi ons of synpat honmynmedi ca nmeans or even the chronic
confusion of L-NAME a non-specific inhibitor of NOS

These degenerative | esions are associated with
only very small increases in creatinine and phosphoki nase
and it's only very mnor changes in the T-wave, probably
so, because only a very snmall amount of myocardiumis
involved. Finally, the reconbi nant henogl obi n does not
bind nitric oxide, there is less lesions with this,
nevertheless they're still present.

Now, this is the slide that everybody is using
in adifferent format or another, these are different
products of conpanies and HBOCs and over here lists

adverse — serious adverse events in — that nay be
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related to the cardi ovascul ar system

| would just have you focus on this one |ine,
agai n, that everyone’s been tal king about, and this is
myocardi al infarction. The nunbers here are treatnent
versus control. There may be different control nunbers of
patients, there certainly may be — this slide is a
snapshot of sone studies and there may be ways to explain
changes, post hoc analysis. But just let's just go
through six Ms to one M in the control; 14 Ms to 4, 14
to 7, 29 to 2 and 2 to O.

This is a — it's really a disturbing finding.
| think what we have to do is understand before we nove on
with these agents or other new agents is the mechani sm of
how this occurs. It's certainly not due to the vasal
constriction. There's other — there's some other
mechanismfor this and that's what we have to understand.

Thanks.

(Appl ause)

MR. WVEI SKOPF:  Thank you, David, |I'msure we'll
hear nore about that in the Powell (phonetic) discussion.

Qur next speaker is going to address a topic

t hat has been touched upon but only lightly in our
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precedi ng sessions and that is central nervous system and
Prof essor Raynond Regan will be tal king about that.

MR. REGAN. Thank you, Dr. Weiskopf, and thank
you for the invitation to speak here today and to revisit
the HBOC field after several years of absence. There' s —-
as Dr. Wiskopf alluded to, there's relatively little
i nformati on about what happens when HBOCs enter the CNS —-
if they do enter the CNS. | began studyi ng HBOC
neurotoxi city and henogl obi n neurotoxicity several years
ago, back in the early '90s at Letterman Arny Institute of
Research using a cell culture nodel — and up here we see
cell culture, cortical cell culture containing neurons and
astrocytes. On the right is a shamwashed cul ture, just
subj ected to nedi cexchange, not injured and the neurons
are identified by the inmmunostainings to a neuronal market
cal | ed neuron-specific enolase, and this is a healthy-
| ooking culture, you really can’t make out the astrocytes
very well, because they're not stained. This is a culture
treated for 24 hours with 25 m cronol ar henogl obin, and
all the neurons were just conpletely wiped out with a few
si ck- | ooki ng excepti ons.

So we were really surprised to see this degree
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of neurotoxicity froma relatively this | ow concentration
of henogl obin. W subsequently discovered that this
toxicity was not due to the henogl obin per se but due to
its breakdown products, particularly iron. 1t could be
bl ocked conpletely with deferoxam ne and other iron

chel ators and al so by reduci ng henoxygenase activity in

t he neurons by knocki ng out HQ2.

Looking at this toxicity and Henogl obin AO
versus the Arny’s al pha-al pha cross-1inked product we
found that the neurotoxicity was very simlar
quantitatively and nmechanistically. Cultures were exposed
to henmoglobin in a constitution of heme 1 or 10 m cronol ar
again for 24 hours and a al pha-al pha cross-1inked
henogl obi n and henogl obin A0 had a simlar rel ease of LDH
indicating a simlar neuronal death, w th about 75 percent
with 10 m cronolar, very toxic, both products.

Subsequent |y, about —- well, 5 years ago or so,
we | ooked at Sangart’s product in this nodel, NP4,
conparing it with stroma-free henoglobin in this
experinment. And you Il see here that the concentrations
used were nmuch hi gher here than here. The reason for that

is that this experinment was conducted in the presence of
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serum and we serum we have to increase the henogl obin
concentration about 40-fold to see a simlar effect in a
serumfree nodel

The Sangart product was simlarly cytotoxic,
actually a little bit nore than stroma-free henoglobin in
this Sanvitra (phonetic) nodel. Subsequent studies done
by Vandergriff and coll eagues at Sangart suggested that
this may be related to an in vitro artifact of this
product. It tends to autooxidize faster in vitro, but not
invivo. At any rate, it was neurotoxic in at |least a
simlar fashion to stroma-free henogl obin.

One ot her henogl obin -- bl ood product has been
tested in vitro and that’s Biopure’s product that was
publ i shed in Journal of Traunma by Ortegon and col | eagues
back in 2002. This used a neural cell culture system
neuroprogeniter cells, not differentiated neurons and they
| ooked at various concentrations of HBOC 201 versus human
henmogl obi n, and surprisingly HBOC 201 was rel atively non-
toxic in this nodel conpared to human henogl obi n.

The reduction of proliferation which was the
endpoint used in this particular experinment was observed

with the HBOC 201, only to very high concentration. So
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this woul d suggest that HBOC 201 rmay be | ess toxic.
However, it's inportant to note that in this study, serum
was present in the medium and al so sel eni um and
transferrin, both of which are strongly neuroprotective in
neural nodel s, agai nst henogl obin. So the absol ute
neurotoxi c potential of HBOC 201 is difficult to determ ne
based on this study.

The nost — the nore inportant question, the
nore rel evant question is, are these conmpounds neur ot oxic
invivo. | think we can stipulate that it's very unlikely
in the setting of an intact blood-brain barrier that a
sufficient anount of these products get into the brain to
cause neurotoxicity. That's based on a fairly limted
anount of data that's available in the public domain.

So the question then becones, in the setting of
a disruptive blood-brain barrier, traumatic brain injury
or stroke, are these conpounds, or is this class of
conmpound toxic? After many years, after reviewing all the
data | could find in the public domain, | think this is
still an open questi on.

Looki ng at recent studies, nost of them have

been done with HBOC 201 in a traumatic-brain-injury-wth-
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henmorrhage nodel, and |'ve highlighted three of those
recent studies here. These are studies in swine, rat, and
SW ne.

Vari ous outcone measures were recorded, all of
them are reasonabl e neasures commonly used in traumatic
brain injury research. The problemis they' re not
particularly sensitive to the neurotoxic effect of
henmogl obi n. Those of us who inject henoglobin into the
intact brain and | ook at injury have found that these tend
to be the nost sensitive markers, protein carbonyls,
mal oni ¢ di al dehyde and 8- hydr oxy- 2- deoxyguanosi ne, and
they weren't nmeasured in any of those nodels or in fact
any nodels |'ve seen of traumatic brain injury or stroke
when t hese products were given.

But what you | ook and what you neasure is
probably | ess inportant than when you neasure it.
Henoglobin is a very slowy acting neurotoxin. If we
i njected henoglobin into the nouse brain or the rat brain
and look for injury 5 hours or 6-1/2 hours later, we
invariably see nothing. It takes a while for the
henogl obin to oxidize, to release its hene and to be

broken down to iron which is ultimately what's causing the
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injury.

At 24 hours if you have a severe injury you
m ght see sonething that the best tine to ook is not 5
hours, 6 hours or 24 hours, best tine is 72 hours. So
until those studies are done, | can’'t say with any
certainty whether HBOC are neurotoxic if they get into the
CNS.

How about in clinical trials? W heard Dr.
Sl oan’ s excellent summary earlier this nmorning about the
traumatic brain injury DCLHb trial. | want to recap that
this trial, however, focused on patients all of whom had a
di sruptive bl ood-brain barrier. Saxena et al controlled
safety study of henogl obi n-based oxygen-carrier, DCLHb and
acute ischemc stroke published in 1999 — the trial was
done back in 94 and ' 96 — and the intervention, DCLHb
2550 or 100 mlligranms to a kilogramevery 6 hours, so
they’ve got a total of 12 doses, within 18 hours of
synpt om onset or saline placebo, very small trial, total
of 85 patients.

Now, we know now this trial had absolutely no
chance of showi ng any benefit fromthis product, because

of its faulty design. The therapeutic wi ndowis 18 hours.
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The therapeutic wi ndow for ischemc stroke is 3 hrs. No
matter what you do at 18 hours it's not going to work.

That said, it doesn't show any evi dence of
toxicity and the results, while not conclusive are not
encouraging either. Eighty five percent of patients
treated with DCLHb had and an unfavorabl e outcone, defined
as a nodified ranking score of 3 to 6 versus 51 percentage
controls at 3 nonths. And there were 23 deaths in the
treated group and only 9 in the placebo group.

There are sonme |limtations to this trial, the
random zation was not perfect, there were nore severe
strokes in the treated group than the placebo group. But
that said, the trend tends to be that there was perhaps a
del eterious effect.

So in summary there's pretty good evi dence that
HBOCs, at |east some HBOCs are neurotoxic in vitro.
Whether that's true in vivo remains an open question in ny
opinion. | think further pre-clinical trials, pre-
clinical studies |looking at rel evant oxidative injury
markers at relevant tinme points are inportant before TBI
patients or stroke patients are involved in further

clinical trials.
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Thanks very nuch

(Appl ause)

MR. WVEI SKOPF: Many of the trials that we heard
about today, | mean nmuch of the devel opnment is in our
i npatients who are experiencing shock in one format or
anot her, and Professor Parrillo will address this issue.

MR. PARRILLO Good norning. 1'd like to thank
Harvey Kl ein and Ri chard Wi skopf and the commttee for
inviting ne to be here today. By way of introduction |'m
a cardiologist who's been interested in critical care
medi ci ne, somewhat uncommon conbi nation for the last 30
years or so and specifically |I've been interested in
shock. | also will nention that | amthe editor-in-chief
of Critical Care Medicine, one of the journals in the
field for the last 11 years, and as | look at — on this
audi ence a |l ot of you are reviewers for the journal. |
want to say thank you for all of your help over the years;
journals woul d be nothing without the great reviews that
are necessary in order to make deci sions.

I n thinking about this topic | made the
assunption that the cardiac manifestations and a | ot of

the other issues were going to be handl ed by ot her
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speakers who have, | think, done a great job of telling
you about all the different issues. So | decided to kind
of take a broad view, considering the fact | had three
slides and five m nutes.

And so I'"mgoing to give you kind of an overvi ew
of ny thought about handling shock for these conpounds,
HBOCs, and really for any conpound. Here we go. kay, so
this is the — this is actually an adaptation of the Wil -
Shubi n cl assification of shock, hypervolem c cardiogeneric
extracardi ac obstructive and distributive shock, and |
wanted to really nake one major point which is that what
we | earned about all these different fornms of shock is
that the timng, the reversal of the formof shock is
absolutely critical and our colleagues in trauma surgery
area have done a beautiful job this norning of telling us
how dramatic and inportant it is to stop the henorrhage in
henor r hagi ¢ shock

Car di ogeni ¢ shock, very inportant to get that
vessel open. Getting the patient into the cath lab in 60
to 90 mnutes is absolutely critical in cardiogenic shock.
We all know that in a tension pneumathorax or pericardi al

t anponade or pul nonary enbol us, you have to really |lyse
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t he enbol us, or you have to drain the pericardiumin a
matter of mnutes if you're going to have a chance of
making a difference. And it appeared for a number of
years that septic shock m ght be an exception to this idea
t hat bei ng quick and being very, very urgent about doing
your therapy in shock was not that inportant.

In fact in septic shock, an area |'ve been
particularly interested in, there are a nunber of
abnormalities that occur in the cardiovascul ar system and
t he thought was that nmaybe it didn’t make as nuch
difference in ternms of timng.

And |'m showi ng you an editorial | was asked to
wite about, in the New England Journal, asked to wite
about vasopressin norepinephrine; this appeared actually
in the February issue of the New Engl and Journal of
Medicine and |'"'mshowing it really because of the slide
limtation in order to bring a nunber of concepts
t oget her.

And | nade the point that clinicians don't feel
t he sane sense of urgency to initiate therapy in cases of
septic shock as they do in cases of nyocardial infarction

or in cases of traunmmtic shock or in other cases of shock
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such as cardi ogeni ¢ shock

Yet, there are studies now and there are a
nunber of them I'mgoing to just show you one in terns of
time, that suggests that initiating therapy rapidly even
in septic shock may play a critical role in reducing
nortality associated with septic shock. And in septic
shock it's known that it nakes a difference, the
antim crobial that you choose; you have to choose an
appropriate antimcrobial. And this is data from
Nandakumar, a big observational trial done rmulticenter in
whi ch he | ooked at the tinme to giving the antim crobi al
versus the odds-ratio of death in this particular trial,
and "1" is obviously the baseline. And if you conpared
the first hour of giving antimcrobials to any hour
subsequently, you found a statistically significant
increase in nortality.

For instance, if you gave antimcrobials in the
first hour of septic shock you had a survival rate of 80
percent. |If you gave it at 6 hours it was down to 40
percent. |If you gave it at 36 hours it was down to about
10 or 20 percent.

My point here is that dependi ng upon where you
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are in the sequence of shock, the HBOCs or any therapy may
make a big difference if you do it in do it in the first
hour, second hour of — or it may make very little
difference. |If you're out at 36 hours — in fact this
study | was commenting on had many patients out at 24
hours, 30 hours after the onset of shock. | would argue

t hat vasopressin or any agent would have nade very little
difference at that point in shock.

So, | wanted to kind of bring us back to one of
the maj or concepts in handling shock, | believe, of any
type and that is that the najor therapy has to be
honogenous and it has to be applied very early and that
urgency is inportant in all forns of shock.

Thank you very nuch.

(Appl ause)

MR. WVEI SKOPF: Thank you for those insights.
|"'msure those in the audi ence are taking hone that
nessage.

Qur final panelist to speak in this session is
Mark d adwin here fromthe NIH and he will talk al so about
a subject that has been touched upon but only relatively

lightly and that is pul nonary issues.
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MR GLADWN. |'Il reviewthese potential
conflicts in nore detail prior to ny next talk for which
think they're nore relevant. | was asked to conment on
potential pulnonary toxicity of these HBOCs, and as you
know there's very little of data available to us. Wile
sonme of these conplications have been listed in the table
that was provided to us by the FDA, for nost of these
conplications there's an asterisk indicating we don’t know
or haven't neasured the rates of these conplications.

Il point out that pul nonary hypertension could
be a very inportant conplication and could effect right
heart function and contribute to arrest, but we really
haven't measured this paraneter in these clinical trials.

Pneunonia — there appears to be a clear
increase in risk of pneunonia as well as respiratory
arrest. And considering the increased rates — you've
heard of a pancreatitis sepsis and nulti-organ failure.
One coul d imagi ne that there would be an increased risk of
ARDS, but | think this has to be studied. And then there
Is a suggestion of a signal in terns of thronbotic
conplications that has to be consi dered.

So what | would have thought | would do is
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briefly touch on some nechani sms and some principles that

| think may be worthwhile considering. The first thing
Il mention in relation to pul nonary hypertension is this
concept of NO scavengi ng versus premature oxygen delivery.
So W nsl ow suggested that oxygen can vasoconstrict the
arteriolar systemwhich it clearly can. But what we have
to consider then is how these HBOCs are constricted in the
pul monary circul ati on because oxygen in the pul nonary
circulation is a vasodil ator.

So | think exploring the vasoactivity of these
systens in the pulnonary circulation will be informative
about the relative inportance of those two pat hways.

The other thing I think we can learn fromis the
LNVA trials in septic patients which also —- there was a
strong harmsignal in the LNVA trials and we shoul d
probably study those trials when considering HBOCs t hat
have NO scavengi ng properties.

And the last thing is we have been inforned
greatly by your research in HBOC field, in ternms of
extrapol ating that data to henmol ysis and henol ytic
diseases. So | want to briefly do that in reverse now and

share with you what we’ve |l earned over the last 3 years in
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terms of henolytic anem as and what does that tell us
about NO bi ol ogy when you' re infusing higher
concentrations of these nol ecul es.

And Il point out if you | ook at PNH
paroxysmal nocturnal henogl obinuria, these patients suffer
from many of the synptonmatol ogy that you see with HBOCs
confusions: gastric dystonias, thronbosis, pul nonary
hypertension, fatigue independent of total henogl obin
concentration — that m ght be something we can discuss
| ater.

But 1’'ll nove very quickly through this data jut
to describe that NO is scavenged by henogl obin, that
henmogl obin in a red cell generates diffusional barriers
that reduce the rate of that reaction so that when you
hemal yze or when you infuse a stroma-free henogl obin you
di srupt the cell-free zone in this unstirred |layer. So
you increase the rate of reaction of NO com ng from
endot heliumw t h the henogl obi n.

In the case of sickle-cell disease, they have
hermogl obin in their plasma and it's very low, from
undetectable to 20 micronmolar. This is slightly |less than

20 nys per deciliter. During crisis it can go up to 20 to
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40. But renenber, all the data we | ooked at yesterday,
that there was a constrictive property of the HBOCs that
occurs at the | owest concentrations.

And you can inmagine the ability of that plasm
froma patient with henolysis to consune NO, using basic
NO assays, and the injection of plasma into a solution of
NO destroys the NO i nstantaneously. And a patient with
sickle cell with nore plasma henpgl obin has nore NO
consunption, and NO consunption is proportional to the
anount of hene and plasna. And if you take the henogl obin
out of the plasma you reduce that NO consunpti on.

And | think inportant to HBOCs bi ol ogy, you can
i nfuse NO donors into human patients with sickle cell and
dependi ng on how nuch henogl obin they have in the plasm
you' |l inpair that NO signaling. And just as shown in
this experinment if you infuse sodiumnitroprusside into
the forearmof the patient with sickle cell, with | ow
pl asma henogl obin, there's a normal response. Patients
wi th higher |evels of plasna henogl obin, only 5 mcronol ar
heme, and you have a near conplete inhibition of NO
si gnal i ng.

And this is the recapitul ated and transgenic

109



hemol yti c nmouse nodels, so that a sickle cell nouse that
henol yzes and has a high plasma hene has al nbst a conpl ete
i nhi bition of NO dependent signaling. And a hem zygote
with |l ess henolysis and then the control has progressive

i ncrease in NO dependent signaling.

So, very low |l evel s of henpgl obin and pl asma
creates an NO-resistant syndrone. And | also want to
poi nt out that NO i nhibition does not necessarily equate
wi th bl ood pressure changes. 1In fact the sickle cel
patient and sickle cell nouse is hypotensive, and what we
found is they have to regulate COX-2 and COX-2 activity.
So they're mai ntaining vasodilation secondary to their
requi renent for oxygen-delivery with critical anem a by
COX-2 not by NO. But the NO signaling pathway is
i nhi bited and that can create other problens.

And t hen pul nonary hypertension is an
i ncreasingly recogni zed conplication of every form of
chronic henolytic anemia. 1In patients with sickle cell,
33 percent devel op pul nonary hypertension and it's
associated wth a dramatic risk of perspective death

And finally, I'll point out that if you | ook at

the patients with higher |evels of henolysis, they have
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mul ti pl e vascul opat hy conplications |ike pul nonary
hypertension, |leg ulceration and priapism suggesting that
this I owlevel henolysis extended over decades can produce
vascul ar harm

And the last thing is that patients wth higher
| evel s of henolysis have activation of platelets and as
Loscal zo’ s shown and ot hers, henoglobin will directly
activate human platelets and blunt the ability of NOto
inhibit those platelets.

So | think we need nore study on the pul nonary-
safety issues relevant to HBOCs and specifically | ooking
at pul nmonary hypertension in phase I, Il, trials, right-
heart function, thronbotic risk, endothelial dysfunction,
i mmune nodul ati on by knocki ng down that, the NO pat hway
and the effective henme in serous.

Thanks.

(Appl ause)

MR. WVEI SKOPF: Thank you. I'd like to invite
all the panelists to cone up and take a seat please, and
while they're getting ready for the firing squad, please
fill out those index cards and hand themto people

col l ecting them
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(Pause)

MR, WVEI SKOPF: COkay. Wile we're waiting for
sonme of the cards to show up — there's been a great dea
of discussion in the past day-plus about the issue of the
het erogeneity of the conpounds if they are in fact
different chem cals and yet the apparent simlarity of
sone of the serious adverse events that are seen with
t hese conpounds.

And I'd Iike to ask each of you whet her you
believe that we can | ook at these conpounds with respect
to SAEs as a single class, if there's a threat of that

that runs through these SAEs or whether it is

i nappropriate to do so. And I'll just go down the |ine
here and I'll ask Dr. Baines first about that.
MR. BAINES: | think the problemfromthe

ki dneys’ point of viewis that we don’'t know whether there
is in fact kidney injury in many of these trials so |

can’t really answer the question. M supposition is that
they do all have a conmon effect on the kidney in varying
degrees and it does relate to the production of reactive
oxygen species and the availability of iron and the

br eakdown products and to the susceptible parts of the
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ki dney.

MR. FINK:  You know, it's an open question as it
relates to G conplications but there does seemto be a
fairly strong and consistent signal in ternms of the
bi ochem cal abnornmalities indicative of acute pancreatic
injury. The |lipase elevation seened to be a common thene
anong all the products that at |east where the information
is publicly avail abl e and evi dence of esophageal spasm
seens also to be a class effect, at |east again where
information is publicly avail abl e.

MR WARLTIER Well, | think as far as the
cardi ovascul ar effects of these drugs, it is fascinating
that they are simlar. On the other hand | think the
future and where to go fromhere is to treat the new
conpounds very differently, to think they are different,
and we have to |l ook for new solutions to avoid some of
t hese cardi ovascul ar effects such as myocardi al
i nfarction.

MR. REGAN: Well, related to the neurotoxic
effect of these products | can only speak for al pha-al pha
cross-1linked henogl obin because that's the only product

|"ve really investigated nmechanistically and that acts —-
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is very much like native henoglobin, in that it's a heme-
br eakdown iron-nedi ated neurotoxicity. It would be very
easy to test the other conpounds, but that hasn’t been
done so any specul ati on woul d be just that, specul ation.

MR. PARRILLO | would agree with the previous
speakers, that | think the toxicity in particular is very
simlar with all the different conmpounds and the different
conmpounds were manufactured, in part, to change tine
action, dose response, volunme of distribution, and | ooking
at efficacy, presunmably, delivery of oxygen to tissues, |
t hi nk that what needs to be done here is to |look at the
toxicities which appear to be, at least in part related to
nitric oxide scavengi ng and see whet her or not a product
can be produced that doesn't do that or does it in a dose-
response way that's very different than the previous
compounds.

| notice no one has actually shown the slide of
the treatnment of septic shock within nethylarginine which
is a non specific nitric oxide inhibitor. It was used in
relatively large trials focused in critical care nedicine
about 4 or 5 years ago; Lopez was the was to author it and

it showed in fact an increase in nortality, an increase in
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cardi ovascul ar toxicity, but a reversal of shock that was
relatively inpressive, that is the blood pressure was
brought up and the patient cane out of what we would term
shock as defined by bl ood pressure, but in fact the
patient died nore frequently.

So that — and this has been seen in heart
failure nedications, also certain heart failure
medi cations wi Il produce an inprovenent in synptonatol ogy;
patient feels better but they die sooner.

And so these types of differences in toxicity
needs to be | think understood better and the conpounds
need to be designed in such a way that they essentially
blunt the toxicities.

MR. GLADWN.  So, | think, froma biochem ca
and physi ol ogi ¢ standpoi nt the products are different, and
| think you can | ook at the work by John A sen in his
study paper for nice figures of these effects and that is
that size matters, for one. So because of the (audio
break) rel ease effect, larger nolecules and cells orient
to the center of a blood vessel and that will create a
bi gger cell-free zone.

In addition to that these nol ecul es extravasate
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so that the henogl obin diners, probably the nost toxic in
terms of small nol ecul ar wei ght, and as you decorate them
you reduce the effect of mean arterial pressure. John
A sen has shown that nicely in graphs.

The second issue is that NO reaction rates will
nodul ate the (audi o break) effect and W nsl ow suggest ed
t hat oxygen-rel ease characteristics will affect the
system c responses and he has very conpelling data on a
nunber of systens, suggesting that's inportant.

So | think that we can change the effect on the
NO system dramatically wth different preparations so they
shoul d not all be considered the same. Now, having said
that, this M signal is concerning and it may be that
that's the nost sensitive indicator of | ow NO
bi oavail ability and you' ve seen fromthe data I showed how
little hene it takes to deplete NO

And phil osophically, perhaps we're dealing with
a problemthat for a therapeutic to be efficaci ous we have
to have nultiple nechanisns of benefit, but here we have a
nunber of mechani sns at harmso we’ve got to shift from
the harmto the positive. But | think that they' re not

the sane and at sone |evel for you to advance the field
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we're going to have to | ook at them uni quely.

MR. VEI SKOPF: As you m ght expect given the
conversations that occurred in the previous session, a |lot
of the questions have to do with the nyocardial infarction
i ncidents and sone of them center upon definition as well.
And one thing that's relatively clear that it's unclear as
to what sone of the definitions that we use in the various
trials are with respect to M and they certainly were

different.

And Dr. Warltier 1'd like to ask you what i npact
do you think that has with respect to trial results and
the information that we’ve been synthesizing here, the
various definitions that have been used for M ssissippi,
and do we need — does this industry, | don’t nean the
i ndustrial people necessarily, | nmean the field rather
than industry, do we need to settle upon a recognized
acceptabl e definition of nyocardial infarction in the
context of these trials rather than have — each trial
have its own separate definition

MR WARLTIER  This is actually a fairly

conplicated question. One would think that —-
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MR. WVEI SKOPF: That's why you're here.

MR WARLTI ER: — one would think that this
woul d be a relatively straightforward problemto finding
myocardi al infarction. Usually, studies |Iook at three
different areas, one would be el ectrocardi ographic
changes, especially devel opnent of new Q waves; a second
area woul d be enzyne or protein | eak from myocardi um and
the third woul d be sonme kind of a physiol ogical effect
such as use of inotropes for a period or periods of tine
to support the circulation or a intra-aortic balloon — a
bal | oon bunp; decreases an ejection fraction, new wall
notion abnormalities, and ultimately of course one of the
criteria would be on postnortem exam fi ndi ngs.

So — and it’s just one nore thing, but huge
di fferences and sone — the inportance of sonme of these
for studies that are done, in cardiac surgical patients
versus non cardiac surgery. And hopefully |'ve avoi ded
your question conpletely, | think.

(Laught er)

MR, VEI SKOPF: You did a fairly good job and I'm
going to pass it onto the fellowto the right of you, he's

a cardiologist and see if he could also directly address
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this issue.

MR. PARRILLO  So troponin has been a big
advant age to maki ng the diagnosis of nyocardial infarction
froma sensitivity point of view By that | nean troponin
T and troponin | are first of all released very quickly,
they stay up as opposed to sone of the nmarkers we’ ve had
in the last 30 years and they are very sensitive to very
smal | anmpunts of nyocardial necrosis. And so we can nmake
t he diagnosis of nyocardial infarction in 2008 nuch better
t han 1978.

Now, having said that the truth is that troponin
is probably too sensitive. By that | nean it brings in a
whol e group of patients who don’t have an occl usi on of
their left anterior descending; they don’'t have a direct
occl usion of one of the vessels that's big, that goes
t hrough the nyocardium Rather, there is sonme sort of
| ow-flow state or sonme abnormality of the myocardi al bl ood
fl ow or maybe even an agent |like a virus that has infected
the heart and caused sone mld or even severe nyocarditis,
and the troponin will go up in that situation

The troponin will also go up in a lot of other

situations. It goes up in septic shock, it goes up in big
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pul nonary enboli probably because the right ventricle
fails acutely in big pul nonary enboli, and it goes up in
about 10 ot her diseases that we don’'t have tine to go
through. But it requires sone judgnent on the part of the
clinician. Nunber one, does the patient have coronary
artery disease? Do they in fact have a syndronme of chest
pai n, EKG changes and the troponin el evati on, which
usual |y neans they’ve got coronary arthrosclerosis versus,
you know, a 25-year-old who cones in with bacterima
usual |y has septic shock

Now, usually, nyocardial infarction — due to
coronary arthrosclerosis that is significant produces a
big elevation of troponin. But unfortunately, it's not
al ways true, so that there is a reasonabl e anount of
judgnment that is necessary, and | think, you know, | think
in order to make that diagnosis now, you know, the
definition is three pages long in ternms of nyocardial --
but it used to be sinple. But now, it's a tougher
di agnosi s to make.

| woul d point out though that when you talk
about nyocardial infarction one of its big characteristics

is that unfortunately it kills people. And so the fact
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that the nmyocardial infarction rate is up and the
nortality al so appears to be up makes nme worry that those
two are associated and that one in fact is related to the
ot her although we don’t know that for a fact.

MR. WVEI SKOPF:  Which — let nme direct a simlar
guestion to you, they have sort of conpiled perhaps
several questions that have been thrown in your direction
and nmaybe you' ve got a sinpler answer than the heart and
vessel guys, and that is are there reasonably consi stent
and accepted definitions for what constitutes
pancreatitis, what constitutes massive pancreatic necrosis
and liver injury? And then when you finish that |1've got
a second part to that question.

SPEAKER: (O f mke) Ch, no, | don’t think.

MR. FINK: Sorry. So — the diagnosis of acute
pancreatitis used to be fairly difficult; there are people
in this roomwho renenber sonething called Ransoni s
Criteria which was a early severity-of-illness scoring
system devel oped, | think, in New York City, when | was a
surgical resident, sone tinme during the Dark Ages, and it
was based on things |like the volune of food that was

required during the first 24 or 48 hours of adm ssion, how
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high the LDH was and so on. In fact as a surgical
resident | think you had to nenorize the Ransom Criteria
in order to get through the program

In nore recent years with the advent of conputer
t onogr aphy the diagnosis of acute pancreatitis is largely
becom ng an i magi ng- based di agnosis and there are now CT
criteria based on the extent of the perfusion abnormality
in the pancreas and the extent of pancreatic necrosis and
the degree of fluid sequestration in the retroperineum
that allow for fairly reasonabl e grading of the severity
of acute pancreatitis and result in (audio break)
prediction of nortality.

The bi ocheni cal diagnosis of acute pancreatitis
hasn’t changed nmuch over the years. The nobst sensitive
measure is still the circulating |ipase concentration and
bunps in |ipase concentration are prima facie evidence of
acute pancreatic injury. And so there is a biochem cal
pi ece and an anatonmic piece, and it's actually easier
woul d say to nake the diagnosis of acute pancreatitis than
it 1s myocardial infarction.

MR. WVEI SKOPF: Al right, and based on that

Mtch, and the information that's in the public domain,
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you're asked to justify your statenment that if these
conpounds were w dely used, that there d be recogni zabl e
i ncidents of massive necrosis.

MR. FINK: Yeah, so | can't really justify that
at all, that's just ny opinion, and it — you know, it's
worth exactly what you paid for it.

MR. VEI SKOPF: That's governnent rates.

(Laughter)

MR. FINK: So there is, though, sonme historical
basis for that. So for exanple there was an antibiotic a
few years ago that sonme people in this roomare famliar
with, there was a sort of a third or fourth generation
fl uoroqui nal one call ed Temafl oxi cin, and Tenafl oxi ci n was
eval uated in phase Ill clinical trials and there was an
i nci dence of paracellular enzyne el evati ons that was
fairly low, but it was real, but the Agency, feeling a
need for this antibiotic approved it and it was rel eased
into the market. And once an epidem ologically
significant nunber of people were exposed to this
antibiotic, cases started turning up of nassive
paracel | ul ar necrosis, and I think within 6 nonths the

drug was withdrawn fromthe market pl ace.
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I n other words the biochem cal signal in smal
epidemologically insignificant clinical trials translated
into a clinically significant signal, once enough people
were exposed to the drug. And it is ny bet that the sane
thing would turn out to be the case for at |east sone of
the HBOCs, and | suspect nost of the current generation
HBOCs that the |ife changes, which are of biocheni cal
interests only and are of no significance to the patient
woul d transl ate into epi sodes of acute necrotizing
pancreatitis that would affect outconme once a sufficient
nunber of patients were exposed to the conpound.

There are a nunber of questions with respect to
trying to get at the nechanismof toxicity, and | think
there are perhaps a couple of schools of thought here.
There maybe some that think that it can all be expl ai ned
by nitric oxide scavenging, and there are others that as
we have heard over the past day and plus that have
proposed ot her mechani snms as wel | .

And so the question | amgoing to pose to the
panel and again we can answer each in turn and perhaps
start at the other end first with Dr. dadwn and that is,

is nitric oxide scavenging sufficient to explain all the
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SAEs that people have noted in the past couple of days or
is that insufficient and one needs to invoke at |east one
ot her potential nechanisn?

MR. GLADWN. That is not an easy questi on.

Vell, | think - to borrow a statenent that Al an Sheppard
(phonetic) uses frequently in nmy opinion |ooking at the
data in both henolytic di seases especially henolytic

di seases with a high rate of henolysis |like PNH, and then
| ooki ng at the LMNA experience, |ooking at the Baxter
data, |ooking at our own cani ne henogl obi n infusion
experinments, a variety of knowng a |ot about nitric oxide
bi ol ogy and the downstream effects of NO on platelets,

ti ssue factor, adhesion nol ecul es, chenotaxis, endotheli al
function, operation, ET-1 activation, ROS generation,
Fenton peroxi dase nitration chem stry, et cetera, | would
say it is the 800-pound gorill a.

Now, | think there is a big debate in the sickle
cell field where we are really focused on the mechani sns
of plasma henogl obin there is a big chicken-or-egg debate
about reactive oxygen species generation fromthe hene and
i nduction of oxidases |like XO and NADPH oxi dase and the

direct effects of NO scavenging, but clearly henogl obin
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does bot h.

So | think in this field there is still a debate
about how nmuch of the henoglobin is generating ROS and has
del et eri ous ROS-dependent effects and how nmuch is the NO
i nactivation. And of course those two things are yin and
yang so if you decrease NO you increase ROS by
avai lability and vice versa.

So it is not -- froma clinical standpoint I
don't think that matters. So | think that ny experience
woul d suggest that that NOin addition to ROS generation
is a primary mechanism And again that is not the sanme
t hi ng as vasoconstriction because NO has pl eotrophic
effects on vessel honmeostasis and vasoconstriction is just
one.

In fact | like to tell people that if you infuse
LMNA into your armyour blood flow only drops 25 percent,
if you give acetylcholine only 40 percent of that response
is NO and if you exercise only 10 percent of netabolic
vasodi |l atation is NO dependent. W know it is very
i nportant pathway but it is not you are not going to see
all your vasodilatation and vasoconstriction when you --

even when you partly inhibit NO
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MR. VEI SKOFF: | largely would agree with Mark
that | think it is largely nitric oxide and | would just
make the general point that clearly nitric oxide has a
maj or effect on the vascul ature and snmooth rnuscle in the
vascul ature. It also has an inpressive effect on the
myocar di um sonething that | have been interested in
because | believe it is one of the nmechani snms of
myocar di al depression in septic shock. It is not the only
one there is at least two others that we are able to
uncover in humans but it clearly is one of the nechanisns
and | think that is inportant.

If I had to estimate which of the nitric oxide
inhibitions is the nost inportant in terns of the toxicity
here, my own judgnment would be that it is the effect on
the clotting systemthat is probably the nost inportant.
Just based on the idea that nyocardial infarction and
myocardi al ischema is probably an inportant consideration
here, and probably platel et aggregation and things |ike
that are inportant to myocardial infarction both with
pl ague rupture and w thout plaque rupture. And so |I think
that is probably one of the major areas that we woul d have

to consider negating or advising in order to nmake the
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conmpounds nore efficacious | ess toxic.

MR. REGAN. Well in the CNS, CNS naybe the major
exception to the NO hypothesis presum ng that these
products do get in, in the setting of a disruptive bl ood
brain barrier. And the reason for that is that neurons
are so exquisitely vulnerable to henme breakdown products
particularly iron. And that is nost |likely because they
just don't nmake any fair attenpt to destroy the iron once
it is broken down.

So of all the cell types we have | ooked at in
our nodel s neurons really stand out as being very
vul nerabl e to henogl obi n and henogl obi n derivatives. That
said certainly one can exclude NO reduci ng bl ood fl ow
al though I haven't seen nuch data portended here at this
nmeeting to suggest that is a najor effect in CNS.

So | would think that if HBOCs do create a
neurotoxic effect in the CNS it is probably iron nedi ated
not NO nedi ated. At |east predom nantly.

MR. WARLTIER  And so we spent a |arge anount of
our tinme studying a couple different phenonmena ischemc
and pharmacol ogi cal preconditioning and post-conditioning

agai nst re-perfusion -- conplex signal transaction
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pat hways are involved in both these phenonmenon and there
is sone overlap. But a key elenent in each is nitric
oxide. | would speculate that the scavenging of nitric
oxi de inhibits these indigenous cardio protective
hypothesis. In fact these hypothesis are just not |limted
to myocardiumthey exist in other tissues as well. And so
| think this could be a one of the major nechani sns,
certainly of nyocardial toxicity.

And just to reinforce what is has been said
already multiple tinme the vasoconstriction that is
produced by scavenging nitric oxide certainly does not
cause a nyocardial infarction.

MR FINK: So | have learned a lot at this
meeting | guess one of the thing |I have |earned is that
there is probably three nmechani sns or potential nechanisns
for toxicity for these oxygen carrying conpounds; one is
sort of the oxygen hypothesis that we heard about
yesterday, the second is the redox hypothesis the
hyperval ent iron hypothesis and | guess the third is
ni trous oxi de scavengi ng.

| think the weight of evidence suggests that the

third nmechanismis clearly inportant and is probably, to
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use Mark's term the 800-pound gorilla in the room \Wen
it comes to two of the @ problens one a esophageal spasm
and second pancreatic injury.

| think the npst parsinonious way to explain
those problens is by proposing that the mechanismis
scavenging of nitric oxide. W know that the way you
treat esophageal spasmin the emergency roomis by givVing
the patient some nitroglycerine to put under their tongue
and it makes the pain go away, and we know that in anim
nodel s if you infuse a drug |ike LMNA or anot her NOS
inhibitor. You can induce esophageal spasm and raise the
pressure in the hepatobiliaries (phonetic) and pancreatic
ductal system

So | think that is promnently predom nantly
what is going on that doesn’'t nean that other nechanisns
aren't inportant but | think unless the nitric oxide
problemis addressed in sone way we -- our forward
progress in this field is going to be hanpered.

MR BAINES: Well, nost of the evidence that |
was relying on for the pathological effects in the kidney
cones not fromstudies with HBOCs but with ischem a

reperfusion and simlar nodels. And certainly there if
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one interferes with nitric oxide it doesn’t do the kidney
any good in the recovering stages.

So nitric oxide certainly is scavengi ng
certainly is an inportant part. The evidence there is
related to the effects of HBOCs really conmes nost of it
fromforns |ike native henoglobins that are filtered
reabsor bed and broken down and t hen produce their nasty
effects through the ROS system and the activation of
infl ammation and so forth.

What hasn’t been investigated in the kidney to
my know edge is the effects of the | eakage fromthe
vessels in the -- with larger nol ecul es and the | onger-
termeffects. | think there maybe sone anal ogies in the
kidney with the brain although obviously there is no
ki dney/ brain blood barrier. But the effects in the kidney
maybe both acute and | onger termand we aren't | ooking at
the longer-termeffects.

If I mght just say one thing about the previous
di scussi on about definition of the condition | think that
once the new consensus of -- staging of acute kidney
injury is applied to these trials you will find that the

i nci dence of acute kidney injury is going to be at | east
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10 to 15 percent in the control groups in these trials
probably higher in sone of them

And the question will be is it actually the sane
or higher in the HBOC group and were to add a substance
i ke troponin which would be NAG or NGAL or IL to the
anal ysis we mght end up with a great nunber of these
patients denonstrating that they had sonme kidney injury
whi ch is an i ndependent predictor of outcone.

And even at the |lower |evel the stage one
relative risk of adverse event it goes up by two fold.

MR. WEI SKOFF: Thank you, | am going to cone
back to that in a nonent. But first I want to ask anybody
who wants to answer this that in your answers to the
guestion of what are the potential nmechanisns of injury
nobody conmented upon the relatively rapid and extensive
conversion to nethenogl obin, does anybody want to pick up
that they think this could be a potential nmechani sm of
injury or is it just an irrelevancy.

MR GLADWN. | guess | can comment on that. |
think that is a real inportant biological question right
now, and there is Chris Coopers (phonetic) here and he

came to speak at our | ab and he and others have been

132



studying the role of fetal henpglobin in kidney damage for
exanple with nyogl obinuria and there is a school of

t hought that nethenoglobin will formfetal henogl obin
which will exert peroxidase chem stry and that this can be
very toxic in ternms of, you know, reactive oxygen speci es,
medi ated |ipid peroxidation et cetera.

There is another sort of newer school of thought
t hat we have been teaching, and that is that we think
maybe met henogl obin is surprisingly |ess toxic because it
is silent in terns of NO scavenging. |If you infuse
met henogl obin into an ani mal nodel you don't get any
vasoconstriction beyond the colloidal effects, if you --
wher eas henpgl obi n you get NO scavengi ng.

We have consi dered that our approach, for
exanpl e sickle cell, we are giving inhaled NO to oxidize
the hene (inaudible). And we have considered nmany tinmes
that we nay be doing sonething we call out of the frying
pan into the fire. W my elimnate NO scavengi ng and
then -- towards reactive oxygen species generation.

So in fairness these are diversion fields and
both of them have potential toxicities and which is nore

i nportant, we haven't worked on it. | wll say one thing,
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and that is that in henolytic diseases, we have al
t hought that all that henoglobin and plasma is net but in
fact it is 82 percent ferrous and that plasnma and red
cells effectively reduce ferrokene (phonetic) back to
ferrocene.

So nost of the plasma henogl obin in henolytic
conditions remains as the ferrous oxygen bound nol ecul e.

MR. VEI SKOFF: Thanks. Andrew | amgoing to
conme back to you now about some of the comments that you
just made. G ven that you m ght expect to see a greater
i nci dence of renal injury than presupposed and | guess we
in the field thought that this problem had been sol ved by
cross linking henoglobin, getting rid of the stroma and
that solved the problem-- the early problens very early
in the '40s of renal injury.

| f you were consulting for one of the conpanies
inthis field and they said to you, okay we can go al ong
with that what should we do to docunent this, what would
you suggest for themto neasure? G ven the very difficult
clinical circunstances that nmany of these trials take
pl ace, | have heard criticisnms for exanple that NAGis too

sensitive, that you get an increase in NAG but it is of no
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clinical significance. | appreciate if you can coment
upon those things.

MR. BAINES: This is a real problem It would
be lovely to do iohexol clearances, but that is clearly
unreal i stic except under very controlled circunstances.
That means you are going to rely on creatinine, sone
peopl e have used statin C as an alternative neasure. But
| think in the elderly and conprom sed patients that naybe
a problemas well.

The urinary markers, | think we need to
experinment wth | ooking at some of the markers of
information, no one to ny know edge that has | ooked at the
NGAL in the blood substitute trial and | do agree that the
NAG is highly sensitive and could be very non specific.

It not only reflects injury, but it also changes when
there is proteuria and as an increased |isosonme will turn
over (i naudible).

MR. VEI SKOFF: So what is the answer?

MR. BAINES: The answer is all of the above I
guess. Careful neasurenents of creatinine and carefu
docunent ati on which -- and under the circunstances that

one has to work in are going to be very difficult. Urine
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out put seens to be | ess useful but -- and going to be very
difficult to neasure. | would certainly like to see
peopl e using two or three urinary markers and over a nore
I engthy period. | think that one of the problens we have
when you are | ooking at the literature everything whet her
it is an animal nodel or patients tends to be in the first
few hours days and not enough | onger term foll ow up.

MR. WVEISKOFF: | would like to cone to an issue
t hat has been touched upon in several presentations but
only in a very light way and has not engendered nmuch in
the way of discussion. And that has to do with the nitric
oxide interaction with platelets and the thinking that
perhaps that by scavenging one activates platel ets causing
t hronbosi s and sone of the assays have been seen in the
various trials.

How does this go along with sonme of the clinical
trials in which patients who have a coagul opat hy perhaps
on the basis of trauma, perhaps on the basis of therapy
foll owing trauma that how does go along then with seeing
potentially thronbotic |esions or thronbotic induced SAEs
if platelets are in fact deactivated or activated. Mark,

you want to -- or anybody -- but Mark you are
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vol unt eeri ng?

MR GLADWN. Sure well this is something we are
very interested right now again | ooking at the case of
henmol ytic anem as such as PNH virtually all of the
hemol ytic anem as in these conditions -- there is very
high rate of thronbosis, a confounding el enent as nany of
t hem have surgi cal or autospl enectony whi ch confounds that
epi dem ol ogy.

But what we found, and this is really based on
Les Causers (phonetic) work is that henoglobin directly
activates platelets, NOis a very potent inhibitor of
pl atel et activation but if you have very snmall amounts of
henmogl obin in the experinments | showed you 40 micro
milliliter heme there is no effect of NO on those
pl atel ets because the NO I nean the henogl obin intercepts
t hat NO

There is a paper out by A Togg (phonetic) on
the hematol ogy literature now showi ng that alnost nultiple
neasures of henostatic activation correlates significantly
wi th nmeasures of henplytic anema in patients with sickle
cell and there is a growing literature now suggesting that

acute henolysis is associated with henostatic activation
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in nmultiple pathways.

And again the factor that clearly has been shown
to touch on all these elements of henobstatic activation is
NOin terns of platelet activation, in addition tissue
factor release in other pathways. So | think that it is
very likely that infusion of a potent NO scavenger woul d
activate the thronbotic system

MR. \VEI SKOFF:  Thank you. Let ne -- Prof.
Regan, let ne ask you a question related to your
presentation. And that is you nade the |ink between
traumatic brain injury and potential |eakage of conpound
into the brain and potentially causing direct neuro
toxicity because the blood brain barrier is now been
br oken.

So given the -- depending on the popul ati on of
course -- but many studies show a very high incidence of
traumatic brain injury in the general trauma popul ation
per haps as nmuch as 30 or even 50 percent dependi ng upon
where that population is being gleaned from

Wul d you advi se those doing these studies to
conpletely elimnate all traumatic brain injury from any

further studies with these conmpounds in generalized
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trauma?

MR. REGAN: Well, given the current state of
know edge about whether these conpounds actually get into
the brain in sufficient quantities to be neuro toxic |
woul d have to say yes until that is further defined.

If there is a traumatic brain injury with -- |
would put it the imt of GCH as nuch higher than three
exactly where | amnot really sure but certainly if there
is substantial traumatic brain injury in a blood trauna
setting | would exclude those patients fromreceiving the
product, if this isolated trauma el sewhere with that --
especially penetrating trauna that wouldn't be a problem

But in blood traunma setting where it is unclear
whet her this was | oss of consciousness whether it is GCS
of 10, 12 sonething like that | would recommend unti
further preclinical studies were done reassure ne that
t hese products really don't get in and cause any probl ens
at least in animal nodels.

| woul d recommend excluding patients with
traumatic brain injury a significant brain injury fromthe
trials.

MR. VEI SKOFF: | think we have just about run
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out of time. | want to thank the panelists for their w se
comentaries and their presentations and the audi ence for
their participation. The audience did a |ot of the hard
wor k here by asking the incisive questions and we shoul d
be back for lunch -- fromlunch at 1:00 o'cl ock

(Wher eupon, a luncheon recess was taken.)
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AFTERNOON SESSI ON

SESSI ON | V: FI NDI NG A WVAY FORWARD
VHAT | S THE BEST WAY FORWARD SCI ENTI FI CALLY AND ETHI CALLY

Bl OCHEM CAL APPROACHES AND M Tl GATI ON STRATEG ES FOR HBOCS

MR BIRO And where do we turn this on?

Ladi es and gentlenmen, if you would kindly gather

Wil e the technical issues are being sorted out,
wel cone to this afternoon session. It looks a little
m smat ched set of topics and personalities but there is
sone net hod behi nd the nmadness. And while the technical
i ssues are being sorted out, I would Iike to call your
attention to the advert that was up before about the next
| SBS neeting at the end of the sumrer in Parma, Italy.

Sorry, it's not the end of this sunmer, it's
next sunmer, 2009. Thank you, Claire. So there is tine
to collect your travel funds.

There is one or two housekeepi ng announcenents
if I my nake them The first is that we have a fairly

| ong agenda of very interesting topics and we would |ike
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to keep to the timng since many of you will probably rush
off to catch your flights. So if you' d -- we do keep to
the timng, then -- and we can hold your attention, then
you wi Il have an interesting and chal | engi ng afternoon.

The way this session is going to work is that we
will first have a series of 20-mnutes talks. | would to
like to ask the presenters to respect the tinmng. And
this will be followed by the coffee break about 3:00
o' clock, and after the coffee break we will have one -- a
bit extended presentation by Dr. Emanuel, the chair of the
bi oethics conmttee at the NI H

And this will be followed by the panel
di scussion, who will have an opportunity to respond to
chal l enging and interesting and hopefully profitable
guesti ons.

W're ready? kay, so the first question is Dr.
Mark 3 adwi n who was introduced to you in the session
before lunch. And he will talk about nitrate reductase

activity of the HBOCs.

THE WAY FORWARD: CAN NI TRI TE MODULATE

HBOC TOXI Cl TY?
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MR. GLADWN. Thank you. So first of all ['11I
state ny bias. | think that it's very inportant that we
don't stop working in this field because |I think there
have been sonme mmj or paradigmshifts in our understandi ng
of blood and nitric oxide biol ogy.

|"mgoing to share with you sone of these very
recent, and | think, paradigmshifting results. [If you
t hought the last 2 days were controversial, I"'mgoing to
show what real controversy is.

But | would like to propose that the nitrite and
the nitrite reductase activity of henpoglobin for the HBCOCs
could be a major way forward. And |I'm going to show you
bot h bi ochem cal and preclinical studies that support this
st at enent .

Now, | do have sonme conflicts. As a governnent
scientist | don't receive any personal noney, but | do
have a col |l aborative research and devel opnent agreenent of
some duration with I NO Therapeutics for inhaled NOin
sickle-cell disease. |1'mnot doing any of the inhaled NO
HBOC work. |'malso a co-inventor on an NI H gover nnent

patent application for nitrite salts for cardi ovascul ar
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di sease, and al so have a nitrite methenogl obi n NO
generator patent that's relevant to the chemstry |'|
show you.

W've initiated a collaboration with Dan at Navy
to study nitrite in the swne nodel of HBOCs. | don't
have that agreement with Bi opure but they do receive their
HBOC from Bi opure. So those are relevant potenti al
conflicts.

So the question I'mgoing to ask today is can
nitrite offset the toxicity of HBOCs via the effects of
nitrite on limting NOinhibition, limting
vasoconstriction, and limting nmyocardial infarction. [|'m
going to show a | ot of data running through these
gquestions but these are just going to be very basic
central questions that I'm going to address.

As | showed you earlier, and as Al an showed you
yest erday, when henoglobin is released fromthe
conpartnmentalization it disrupts diffusional barriers and
you get excessive nitric oxide scavenging. There's also a
very controversial and rapidly evolving data that nitric
oxi de may not just be a Perricone vasodil ator (phonetic)

but it could be stabilized in blood as an endocri ne
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species and carried in bl ood.

This work was | aunched by the pioneering work of
Joseph Loscal zo, and Jonat han Staml er suggested an NO
nodi fied al bumn could carry or transduce this function,
extended it to S-nitrosohenogl obin by sone of the
investigators in this roomas well as Jonathan Stamer's
group.

But while we believe this principle of hypoxic
NO delivery fromred cells we think that it nay be
transduced by the sinple ubiquitous salt nitrite, and
that's the data that I1'd |ike to discuss today.

So first of all, is there endocrine NO transport
in blood? This was very controversial, because NO if you
breathe it, despite all those red-cell diffusiona
barriers, it still has a half-life in blood of about 2
mlliseconds. So there is no way you can breathe NO in
your lung and there's no way it's going to get to your
arm which will take about 5 to 10 seconds.

So over the 10 years, with Richard Cannon and
Al an Schechter we've done a nunber of human studies. In
this case, we put catheters in the brachial artery in

normal human vol unteers and we block NOin the arms. So
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we wanted to elimnate native NOin the arm so we could
see an endocrine signal of NO and we had them exercised
to create regional hypoxic stress and then we gave them 80
parts per mllion inhaled NO which is the upper limt of
what's approved by the FDA

And we | ooked at blood flow at rest, during
nitric oxide synthase inhibition, and with exercise. And
by three different paraneters of blood flow neasurenent,
we consistently see a significant perfusion effect, and
" mjust showi ng one of the nbost visually arresting
exanpl es of this.

This is hyperspectral imagi ng where we shine a
bright light on the hand, it reflects off henpgl obin and
we can deconvol ute the anobunt of oxy- versus
deoxyhenogl obi n.  Now, oxyhenoglobin in this imge of the
hand is white, deoxyhenoglobin is dark. And in a nornm
vol unteer as you infuse a nitric oxide synthase inhibitor
for 5 mnutes, and what happens is the palm the skin
deoxygenat es, because there is constriction, decreased
perfusion, nore oxygen extraction and deoxygenation. And
you can see these dark regions of deoxyhenogl obi n.

| f you do this while breathing NO vyou
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conpl etely prevent that deoxygenation; you maintain bl ood
flow And we al so saw i ncreased oxygen delivery to the

i ssue by neasurenent of PO2 and we saw i ncreased bl ood

fl ow usi ng string-gauge (phonetic) bl ood zynography.

And this is now accepted. In nultiple aninal
nodel s there is a confirmed endocrine vasodil ator effect
of inhaled NO Now, when we | ooked what the putative
medi ators woul d be we neasured SNO henogl obi n, SNO
al bumin, and nitrite. And we never saw AV gradients or
increases in S-nitrosated protein in the human
circulation, but we consistently saw increases in nitrite
and AV gradients in nitrites.

So eventually we asked the question, is it
possible that nitrite is this endocrine vasodil ator?

And in another study with humans we cannul at ed
the brachial artery again, we had exercise stress and then
we had inhibited nitric oxide wth exercise stress. W
powered the study to see a very snmall effect right here,
and we gave 200 micronolar nitrite.

Now, there is a group in Germany that had this
experinment in three individuals and saw no vasodil at or

effect, and the field felt that nitrite had no intrinsic
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vasodi |l ator activity. So we were surprised when as soon
as we infused nitrite, at 200 mcronolar in the arm every
vol unteer vasodilated. W had 170 percent vasodilation in
18 of 18 normal vol unteers.

So we dropped our dose by 2 | ogs (phonetic), and
now, the nitrite comng out of the armwas 2.5 m cronol ar,
and 900 nanonolar at rest. And again, we saw dilation in
10 of 10 subjects. W saw dilation at rest, during nitric
oxi de synthase inhibition, and with exercise.

This is not controversial anynore. This has
been reproduced in seven species, nultiple human studies -
- nitrite, in fact, is a potent vasodilator. How does it
vasodi | at e?

Well, one of the hints is when we infused
nitrite. This is the NO henoglobin formation. Wthin one
half circulation left than -- |less than 10 seconds from
our artery to vein we were form ng NO nodi fi ed henogl obi n,
both iron-nitrosyl ated henogl obin and on the hene -- NO on
the hene, and to a | esser extent S-nitrosated henogl obin
where it's on the cysteine.

And inportantly, if we |ooked at all

experimental conditions in these 18 volunteers, under the
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conditions where there is | ow oxygen, for exanple with
LMNA and forearm exercise, the anount of NO bound
henogl obi n rose proportionately. So there seened to be a
rel ati onshi p between the deoxygenati on of henpgl obin and
the formati on of NO on henogl obi n.

And this led us to the work of Brooks from 1947.
In fact Hal dane really described this chem stry in 1901,
and by M chael Doyle, who is now at the University of
Maryl and. And they described a nitrite reductase
reaction. N trite plus deoxyhenogl obin plus a proton
makes mnet henogl obin and NO  NO can then bind to anot her
deoxy-henme to formiron nitrosyl henogl obin which we
hypot hesi ze we are nmeasuring as a dosineter of this
reaction.

Now, we were struck by the potential physiologic
significance of this chemstry. It has proton sensing, or
acidic sensing properties, and it requires
deoxyhenogl obin, so it has hypoxic sensing properties. It
makes met henogl obi n, which won't capture the NO fromt hat
heme pocket. It will escape fromthat henme pocket, and it
makes NO one of the nbst potent vasodil ators known.

Now, we have to escape hene auto-capture, which
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is another story that | can address later if anybody wants
to discuss that.

So we hypot hesi ze that hypoxia, nitrite, and red
cells could constitute a three-conponent systemthat woul d
regul ate hypoxi c vasodilati on and hypoxic signaling. Now,
further chem cal work revealed that this was an
allosterically regulated reaction. |1'monly going to show
this one chem stry slide because | think it would be
i nportant as we engi neer HBOCs to maximze this chem stry.

And that is that nitrite has to bind to a deoxy-
heme so that -- in the T-state or a deoxy-hene --
deoxygenat ed henogl obi n nol ecul e you woul d nore sites for
a nitrite binding. 1In other words, you' ve got nore
reactant. But it turns out that nitrite is reduced faster
by the R state tetraner because the R-state tetraner has a
| oner heme-redox potential. The opportunity for el ectron
transfer is greater. |It's nore reactive. It has a higher
bi nol ecul ar rate for nitrite reduction.

So what happens in biology is your best nitrite
reductase activity occurs when you start in an artery and
you rapidly deoxygenate. Because you have R-state

tetramer that then rel eases oxygen to exposed henes. So
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you-- essentially your R3 tetraner is your better nitrite
reductase. So HBOCs with a | ow hene-redox potential would
be better nitrite reductases.

And this is just shown here with a variety of
mutants and Chien Ho who is in the audi ence gave us these
nmutants. As we increased the R-state character, we
increased the intrinsic rate of nitrite reduction, and
this is shown here as redox potential drops from 135 to
45; you get an exponential increase in rate.

Now, notice that many of our HBOCs have any one
hal f around this point, but nyogl obin, neuroglobin and
cytogl obi n have redox potentials at that point, which
woul d suggest if deoxygenated, they would be effective
nitrite reductases.

So the nost controversial -- | think it's now
wel | accepted that this henoglobin reaction is allosteric,
that it's driven by redox potential, that it maxim zes at
this 50 percent SAT (phonetic) point, but the idea that
nitrite can interact with a heme globin to rel ease an NO
signal and that NO is not scavenged or auto-captured,
that's the central controversy.

So the data |'ve showed you up to this point is

151



wel | -accepted. Now, |I'mgoing to get into controversial

areas and |I'mgoing to suggest that there is indeed an

interaction, and I'Il show you the data.
So first of all, if you incubate -- this is a
bl ood -- aortic ring froma rat, 25 mllinmeters of nercury

oxygen, we've incubated with controlled red cells, nitrite
alone, 2.5 micromolar nitrite. But when we do it with the
red cells and nitrite, we accunulate cyclic GW down the
string of NO It's inhibitable by PTIO and NO scavenger
and it's inhibitable by oxygen.

One of the nodels we have used that I'mgoing to
show you is a mitochondrial NO sensor experinment to | ook
at the sensing of NO by mtochondria. And the reason is
that NO binds to cytochronme c oxidase to inhibit
respiration. This is a hypoxic signal that's of great
interest to the NOfield now Mncada and ot hers have
been studying how this can regul ate hypoxi c oxygen
consunpti on.

But so what we hypot hesi zed, at | ow oxygen,
deoxynyogl obi n or deoxyhenogl obin could convert nitrite to
NO. It would bind to cytochrome ¢ oxidase and inhibit

respiration. So what we do in this nodel is we put in rat
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liver mtochondria, we let the mtochondria respire to
zero oxygen, and then we take the |id off of the
respi roneter.

So oxygen can diffuse in, but the rate of oxygen
diffusing into the systemis slower than the rate that
it's consunmed by the mtochondria. So you see no increase
i n oxygen even though the lid's off. [It's not until the
m tochondria run out of substrate that oxygen accumnul at es
into the systemand you detect it by the Cark el ectrode.

So what happens if you inhibit the mtochondria
with cyanide? Well, we see an inhibition. Mtochondria-

i nhi bi ted oxygen accumnul ates earlier in the system So
this is our 100 percent inhibition control. Wat happens
wi th authentic NO (inaudible) donor. W see inhibition
about 80 percent of cyanide; this has been well-described
inthe literature that NO binds to cytochronme c oxi dase
and inhibits it.

So we use this systemto | ook at the effect of
deoxynyogl obin. Here is our control. They don't inhibit
until they run out of substrates and stop respiring. Here
isnitrite alone at 20 m cronol ar concentration. Bel ow 50

m cronol ar we do not see a significant conversion of
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nitrite to NO by the mtochondria alone. This is the
ef fect of nyoglobin, no effect on respiration.

What happens if you conbine nitrite, and in this
experiment, deoxynyoglobin? W see a highly significant
interaction that inhibits respiration. And this again,
controlled, nitrite myoglobin alone, the inhibition by
myogl obin and nitrite is not inhibited by SOD or catal ase
to | ook at reactive oxygen speci es generation.

It's not inhibited by BHT, but if you have
nmet nyogl obi n, which can give that electron to nitrite, we
don't see it.

This i s henpgl obin. Henoglobin exerts the sane
interaction. Nitrite alone, henopglobin alone, nitrite and
henogl obin, and this just shows that the ratio of the
henmogl obin to the nitrite in the system nakes a
difference. As you get to very high henogl obins, you can
start to overwhel mthe NO generation with scavengi ng.

And this just shows the effect of the mnyogl obin,
henmogl obin, and red cells in the system to point out that
the extent of inhibition is proportional to the intrinsic
nitrite reductase reactivity as shown by the binol ecul ar

rate constant. So as the bi nol ecul ar rate constant ri ses,
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the extent of NO generation inhibition increases.

So we've now done studies with a group from
Germany, Schrader, Kelm and Rassaf, and they've given us
myogl obi n knockout and wild-type mce. And in these
experinments we're | ooking at actual heart honogenates and
their intrinsic consunption of oxygen. So these cells are
now chewi ng up oxygen. These aren't isolated
m tochondria, they are intact cardi onyocytes.

They' re consum ng oxygen to zero. W take it
off -- this is what cyani de does, and this is a dose-
dependent inhibition of respiration in the cardi onyocyte
by nitrite. Wat happens with the myogl obin knockout? W
see a dramatic right shift that nitrite is now not
inhibiting respiration.

And this summari zes the effect in the wild-type
with nmyoglobin. The -- there is a dose-dependent
inhibition of respiration that's significantly reduced in
t he nyogl obi n knockout .

So is there an interaction of nitrite with heme
gl obi ns that coul d nodul ate HBOC-i nduced vasoconstriction?
And again, the idea would be we would be driving this

chem stry with an HBOC. This is data from Warren Zapol's
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lab and Dr. Yu. Both of themare in the audience. They
were kind enough to loan nme these slides fromtheir recent
publication in G rculation

And first of all what they do in this nodel is
they first infuse whole blood into the -- they use both
m ce and sheep, but this is the nouse data. And
interestingly, whole blood doesn't increase -- cause
significant vasoconstriction in this experinent. And this
is systolic blood pressure. But | ook what happens if they
i nfuse HBOC-201 or tetrameric henoglobin. There is a
sust ai ned hypertensive effect that many of you see in your
experi nments.

Now, if they do the sane experinent with the
eNCS knockout nouse -- a very el egant experinment that |'m
ki nd of surprised nobody's done before -- they don't see
any difference between the three. O course, the eNCS
knockout nouse is nore hypertensive, equivalent to this NO
i nhibition experinment. But they gave phenyl ephrine to
prove that it could constrict nore above that baseline,
suggesting that this is dependent on NO scavengi ng from NO
generated from eNCS.

So then what they did is renmarkable. They pre-
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treated with inhaled nitrite oxide gas for -- in this case
60 m nutes, but they also did 30 mnutes and 5 m nutes --
and then they infused the nmurine tetrameric henogl obin and
it conpletely inhibits the constriction. So there is an

i nteraction between sonething that the NO is generating
before they give the HBOC and the HBOC that prevents
vasoconstriction. And note, they stop the NO here. So
it's not the oxidation of the HBOC to net.

And they show that here, there's no significant
anount of net formed. So then they | ook at the sane thing
with nitrite, because we know that inhal ed NO nmakes
nitrite.

They give a single dose of nitrite, 50
nanonol es, which should get the blood | evel to about 11
m cronol ar, and then they infuse it. And again, the
nitrite pretreatnent inhibits vasoconstriction. In
statistical terms this is a highly significant
interaction. Nitrite alone at that dose didn't do
anyt hi ng. HBOCs al one had a maj or vasoconstriction.

Toget her there's no vasoconstriction.
And there is an interaction that inhibits the

vasoconstrictive effect. And again, it's not the
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oxi dation. They only had 10 percent nmet, so it's not that
that 90 percent nmet can't scavenge NO.

So the other big toxicity we've tal ked about is
M. So the question is will nitrite, if given with an
HBOC, al so nodul ate, or would inhaled NO al so nodul ate the
risk of M? And everything I'mgoing to show you has al so
been shown for inhaled NO we think, via generation of
nitrite in bl ood.

And again the idea that we | ooked at is nitrite
is areservoir of NO. At |Iow oxygen, |ow pH, regenerates
NO, and this could affect critical organ function. So in
the first with Lefer -- David Lefer, he did the left
coronary occlusion and gave nitrite right before
reperfusion and in the controlled animals -- and in this
case we used nitrate as a control, there were very |arge
infarcts, as shown by the size of the lack of TTC
staining, which is white, and consistently with nitrite
there is a very small infarct.

This just sunmmarizes the data -- and this is 2.4
nanonol es of nitrite and 48 nanonoles of nitrite. This is
the dose that they gave in their HBOC experinment, and when

you i nhal ed NO, you get about this does of a nitrite.
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Dietary nitrite levels fromeating a | eafy
spi nach salad is on the order of this level and multiple
| aboratories are now showing that if we deplete the
dietary levels of nitrate and nitrite you worsen cardi ac
infarct size. Now, this data again has been reproduced in
about nine | aboratories in seven species, and canine
studi es have been conpleted now, and this is going to
human trial phase 2, VNH OBl (phonetic) but there does
appear to be a robust across-species effect at very | ow
di seases of nitrite and limting M.

This is in press from-- in PNS right now and
this again the Schrader group and Rassaf and this | ooking
at the wild-type mce and the nyogl obi n knockout nouse.
And if you | ook up here, this is infarct size, relative
area at risk, and inred is the wild type that has
myogl obin. There is a reduction in infarct. But |ook if
you have a myogl obi n knockout, there is no reduction in
infarct, again supporting an interaction that is
t ransduci ng an NO signal .

So will this translate to humans in the |ast few
seconds? This is data from Rakesh Patel published in the

JCl last year. They gave inhaled nitric oxide. It has
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di rect pul nonary effects which could be of benefit in HBOC
therapy but it also generates nitrite and nitrate, and
this nitrite could have effects on NO deficiency or

i schem a as you've seen fromthe Zapol work. And they

| ooked at this in the context of orthotopic |iver
transpl ant .

And I'Il just show you very quickly, it's a very
smal | doubl e-blind, placebo-controlled trial. They gave
i nhal ed NO starting here when the |liver was taken out,
and during the insertion of the new liver. And when they
| ooked at species there was no formation of plasma SNO,
but there was an increase in nitrite. And the nitrite
| evel went up to 800 nanonol ar, which is about that second
dose on the dose response fromthe nouse studies.

And nitrite AV gradients forned consistent with
extraction of nitrite across the circulation. They saw an
i ncrease in nmethenoglobin but Iess than 2.5 percent. They
saw an increase in cyclic Glevels, and they saw a
reduction in the platelet requirenent that was
significant, a reduction in liver enzyne rel ease
consistent wwth the parasite (phonetic) protection, and a

weak effect in these 10 patients on reduction of |ength of
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stay, but after adjustment for gender and cold ischemc
time. So |l think this is a very prelimnary result in
terms of |length of stay.

And they saw significant -- there's apoptotic
cells in the animal -- in the human that did not get the
NO, and you prevent the formation of apoptotic cells in
the liver frompeople that get the NO And we see that in
t hese ani mal nodels as well.

So in conclusion, our data suggest that
nitrite's a major stable intravascul ar endocrine reservoir
of NO that henoglobin is an allosterically regul ated
nitrite reduction with maxi mum NO generating enzynmatic
activity at the Rto T transition, that myoglobin is a
nitrite reductase that generates NO at | ow oxygen to
nodul ate cellular respiration, that nitrite potently
nedi at es cytoprotection after ischem a reperfusion injury,
and that nitrite interacts with HBOC to inhibit
vasoconstriction while maintaining oxygen delivery.

Thanks.

(Appl ause)

MR BIRO May | remnd you to get out your

i ndex cards and pl ease wite down your questions? Dr.
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@adwin will have to be -- leave early to catch his early
flight, but this was a beautiful presentation.

The next presentation is by Dr. John O son. |
don't think he needs introduction, but it is worth it to
note that in addition to his enornmous contributions to
henmogl obi n chem stry, he has also contributed very
val uabl e human resources, many of whom are enployed in the

i ndustry and acadeny. Thank you.

STRATEG ES FOR ENG NEERI NG SAFER, MORE
EFFI CI ENT AND MORE STABLE RECOMBI NANT HEMOGLOBI NS

FOR USE AS 2 DELI VERY PHARVACEUTI CALS

MR OLSON: 1'd like to thank Abdu for inviting
me to tal k about reconbinant technology. In the way of
di sclosures, | really officially have no conflicts of

i nterest because | was on the scientific advisory board
at Sonmat ogen and then | ater Baxter but those projects have
been dropped.

So as of now | have no official things, but as
he said I know a | ot of the people in the industry.

Before | get started I1'd like to nake a val ue
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j udgnent based on what |'ve heard so far. Seens to ne the
way forward right nowis wth the current products. And
so | think we're going to have to figure out howto -- or
not me, but the FDA and the conpanies are going to figure
out how to work together to see if they can nake progress.

What |'mgoing to talk about is what | woul d say
|S the future, 5 to 10 years where I'mgoing to try to
convince you that the potential for using genetically
cross-1linked and engi neered reconbi nant henogl obin is
really the way to go as a starting material but the
question is how to package that materi al

And that is what is being | earned by the current
states of -- the current HBCCs.

So let ne get going here. By way of
acknow edgenents, a lot of what I'"mgoing to tal k about
today was done with some very bright scientists at Baxter
Henogl obi n Ther apeuti cs and Sonat ogen, Doug Lenon, M ke
Doyl e, Tony Matthews, Eric Brooker (phonetic), a lot of ny
work is related to studies with George Phillips and
Quentin G bson who is nowretired, and then I"'mgoing to
tal k about sonme newer work with Chien Ho, Mtch Wiss,

Doug Henderson and ot her people, and you'll see that in
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just a mnute.

So with reconbi nant technol ogy we can actually
sit down and say, how can we optim ze these paraneters?
These are paranmeters that |'ve heard |ots of people talk
about over the last 2 days. W can argue about whether it
shoul d be noderate oxygen affinity or high affinity, but
in the reconbi nant we can nmake whatever you think is the
correct P50, and we can drive nultiple kinds.

And ny approach is structural. W take the
active site of al pha chains and effect in the conputer,
rotate it around here into the distal pocket, here into
t he hene pocket of beta chains and nyogl obin, and they
| ooked very simlar and roughly like this. And by using a
[ibrary of myogl obin nmutants, over 300 or so, | can tel
you what regul ates oxygen affinity, quantitatively, and
then reconstruct the active site to give the desired
affinity and rate constants.

So let's just go through this quickly. First
t here's hydrogen bonding fromthe distal histidine to the
bound oxygen. This electrostatic interaction is
preferential for oxygen. This is what causes the

discrimnation in favor of oxygen despite sonetinmes what
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you hear about steric hindrance. It's electrostatic, but
steric hindrance can play a role. | could put an

i sol euci ne there to push on the bound oxygen and rai se
P50.

There is a cavity that we're going to talk a | ot
about here that's nore related to kinetics. And then down
here is another way to regul ate oxygen affinity over
several thousand folds. This is the classic changes that
are involved in the Rto T transition. It's nultiple
things. The histidine has an orientation with respect to
the pyrrole nitrogens. |If it's eclipsed so that it bunps
into those nitrogens, it can't nove up and it can't bind
oxygen. If it's rotated and staggered, it can. There's
al so a pressure holding the distal histidine away fromthe
pl ane of the heme by the F-helix and it is these
mani pul ations that are allosteric that is away fromthis
active site that can regulate affinity.

So we can nmake nutations in the distal pocket,
or in nmutations away fromthe active site that regul ate at
the proximal site. So if you want to | ook at a schematic
diagram here is the alpha 1-beta 1 interface. That's the

proxi mal i m dazole here; the proximl imdazole on the
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beta chain is here. Mitations in this area can affect
that tension or that proxinml geonetry.

There's argunents that nutations in this
interface may do the same thing. |'mnot going to get
into those argunents, but we can change things at that
interface as well.

So I"'mgoing to give you an exanple here from
Chien Ho's work who is in the audience and | need to plug
his work, he -- his group made a nutation based on sone of
our work for reduci ng NO scavengi ng and aut o-oxi dati on and
put a phenyl al anine at the B10 position in al pha subunits.

And as you can see that nakes a very high
affinity henoglobin. WlIl, in some circles you'd say,
well, that's not going to transport oxygen. Well, you can
fix that and you can fix it not by changing things at the
di stal pocket but by creating nmutations that's unique that
Chien invented really, V96Win the al pha 1-beta 1
interface. He used the naturally existing one, henogl obin
Presbyterian and you can nove the P50. W can nove the
curve anyway you'd like if you tell us what the P50 is
t hat you need.

So oxygen affinity can be regul ated by site-
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di rected mutagenesis. And we have a multiplicity of ways
of doing it. \Wat about NO scavengi ng? You' ve heard a
| ot about that today and | guess |I'mpartly responsible
for sonme of that historically because we started worked on
this in 1994.

And here is the one of the classic experinents
that came fromone of the papers that Mark d adw n
referred to by Dan Doherty and M ke Doyle. This is a 10
percent topload with genetically cross-linked tetraners.
This is the rHb 1.1, it's equivalent really to D-- to the
initial hemasis (phonetic) Baxter product. And here is
anot her cross-linked tetramer with high-affinity | ow P50.

When you do this 10 percent topload in the right
you get about 30, 35 mllinmeter rise in nmean arterial
bl ood pressure. You've heard about sone of the associated
side effects. So what's the cause of this? And what is
NO scavenging? |It's not NO binding. Everybody uses the
term NO binding but it's really an oxidative reaction in
arterials where -- and it's a highly conserved activity,
it'"s not really a side effect of henogl obin.

Henogl obi n does this on purpose and so does

myogl obi n because NO, as Mark alluded to, is toxic. It
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shuts down respiration, irreversibly damages aconitase so
the TCA cycle doesn't work, inhibits cytochrone oxi dase.

Qur henogl obi n and nyogl obin is designed to bind
that or capture that NOin a distal pocket while oxygen is
bound. When that happens, the NOis a radical, the oxygen
is alnobst a free radical, so as soon as it's captured,
boom it namkes this cis-peroxynitrite internmedi ate that
than rapidly isomerizes to nitrite. [It's NO di oxygenation
because both atons of oxygen end up in the nitrate.

And we've proven that with Paul Gardner, the
fidelity is 99.5 percent. So it's an NO di oxygenase.

Henogl obi n has actually evolved to do this |
think. Here is the structure of what | would call a
transition analog of this reaction. It's a nethylase to
cyani de conpl ex. Wen you put these four atons in, which
are roughly the sane confornation as the cis-
peroxynitrite, it fits and none of these residues really
nmove out of the way. And so this cavity is designed to
carry out this reaction, at least that's one of ny
prem ses, and you'll find this in many, many gl obins,
i ncl udi ng nyogl obi n.

Now, there's a |lot of argunents about this cis-
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peroxynitrite internmediate at high pH and we've done a
whol e bunch of fancy biophysics. For the physiol ogy at
roomtenperature, this reaction is binolecular and fast
and al nost diffusion controlled. As soon as the NOis
captured in the protein, boom you nake nitrate.

So I'm argui ng, and many people are now, that a
secondary function of myogl obin and henoglobin is to get
rid of NO. 1In the case of myoglobin, to protect the
m tochondria frominhibition through either sepsis or
uncontrol l ed signaling; in the case of henogl obin

encapsulated in red cells frominhaled NO or from sepsis

agai n.

And the red cells, as you've heard already,
don't -- and several tines, don't appear to interfere with
NO signaling because -- due to the Farius (phonetic)

effect, they're stream ng down the center, so there is a
cell-free layer that acts as the diffusion resistance.

In addition they have their own unstirred |ayer.
The extracel lul ar bl ood substitutes, particularly the
tetraners do nmess up this gradient and could skew it even
if they don't get into the interstitial spaces, but al nost

certainly they get here and intercept the NO and that's
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the basis of the idea of the hypertensive effect with the
extracel | ul ar henogl obi ns.

So what's the strategy to inhibit this? Wll,
one strategy that was -- has al ready been adopted with the
| atest products is to polynerize the henoglobin to
m nimze extravasation or to pegylate them same reason

And in ny view, after listening to all of this,

t hese products, | think, work -- we can debate that -- and
are relatively safe. And one of the reasons is that --
this is another article that 3 adwi n was tal ki ng about.
It's not ny work, so this is other people's work, but I
plotted either percent nean arterial blood pressure effect
or TPR, total peripheral resistance versus size or

nol ecul ar weight. And the tetranmers are up here, and they
have a | arge effect.

And the products that are on the market right
now or being devel oped are sonewhere in this range and you
see they have roughly a third of what was in the
tetramers. So conparing DCLHb data to the current
products is not really fair. The vasoconstrictive effect
is much, nmuch less. NO scavenging is |ess, presumably

because of extravasati on.
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So what was our strategy with -- inthe 19 -- in
the late 1990s? And that was to say okay, if we know a
| ot about henogl obi n bi ochem stry, we ought to be able to
reduce the rate of NO scavenging. And could we reduce it
| ow enough to get rid of the vasoconstrictive effect?

So that's the strategy and we have to use
reconbi nant technol ogy and we have to know how | i gands are
captured. And when | first used this analogy in 2001, it
was based solely on nmutagenesis and that's that distal
histidine is Ilike the thunb of a baseball glove, and there
is a pocket. And that's how you catch -- or nyogl obin or
henogl obi n cat ches oxygen.

And now it's actually based nore in fact and
that's fromtine-resolved crystall ography. And so we kind
of know that the distal histidine opens and closes. |If
we' re | ooking at binolecular |ligand capture, every once in
a while that histidine is open, the |ligand cones in, and
it doesn't imrediately bind but is captured in the space.

And t hose pictures that you see there are
actually based on el ectron density and tine-resol ved
crystal | ography, |ooking at the reverse reaction. So

there is the binding process.
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If we go to dissociation, when it dissociates --
we can do it with a laser -- you can watch it rattle
around and then escape.

So if we want to inhibit NO capture what's the
best thing to do, is to fill that space so the NOis
refl ected back out before it has a chance to react with
t he bound oxygen. So sinple things, this is -- surrounds
the cavity at the B10 position, put in tryptophans or
phenyl al ani nes.

If we do that we sonetinmes will ness up affinity
and/ or dissociation rate constants, but we know how to fix
the P50 and sonetinmes the rates changes to a gl utam ne,
weakened hydrogen bonding, so it can go out. Go down
here, and nmeke allosteric mutations. So we have all the
tools to fix this.

Now, one question that | get a lot is, al
right, if you're going to slow down NO capture you shoul d
sl ow down oxygen binding. And this is a conplicated
slide. Here is the binolecular rate of NO di oxygenati on
versus the binolecular rate of reversible NO binding ---
or I could have plotted oxygen bonding. This is just a

nicer experiment. 1In one case | react NOwth
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deoxyprotein in there, and then | do the experinent over
again, expose it to oxygen and do NO di oxygenati on.

And we -- this is with myoglobin. W're slowy
building up a library with henoglobin. But it's
interesting. There is a linearity between sinple
reversi bl e binding and NO di oxygenation, but rultiple
mutants lie off the |line.

The error in these individual paranmeters is
roughly the size of the dot, because this is a |og scale.
And sone of these guys have actually fast rates of
bi mol ecul ar bi ndi ng, but |ow rates of NO di oxygenati on,
and fromthis work with Somat ogen we constructed -- or
t hey constructed an al pha chain which had a triptophine in
the B-10 position, a glutam ne and then a triptophine at
the E-11 position in batus (phonetic).

They're slightly different, but the idea is the
sanme. You fill this pocket to sl ow down NO capture. And
the rate of NO di oxygenation is 2 conpared to 70 in the
sinple tetraner.

And this is TPR, total peripheral resistance and
in this case, this particular tetramer in the rat 10

percent top-load has no total peripheral resistance
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effect. That's pretty interesting.

So -- and this is just an aside. W actually --
they actually with us constructed a bunch of nol ecul es
that either had high oxygen affinity or |ow oxygen
affinity and if we plotted K-Prinme of NO di oxygenation
versus the bl ood pressure or TPR effect, we have this
I inear rel ationship.

So it didn't matter what the P50 was and it
shouldn't in a top-load experinent like this, because
there isn't enough free henogl obin to do nuch oxygen
delivery.

kay, so that strategy works. So we can
mani pul ate 2 affinity. Relatively independent of NO
scavengi ng we can reduce that. Wat about oxidation and
heme | oss, which are other processes that you' ve heard
about today. Wat do we know and what can we do?

Vel |, henogl obin or myogl obin, when they're
aut o- oxi di zed, rel ease superoxide. You have this happen
twi ce, the superoxide can dismute to hydrogen peroxi de and
oxygen. This is the killer and not superoxide. Hydrogen
peroxi de then can re-react with the oxyhenogl obin or the

ferric to make radicals.
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And the other bad thing that can happen -- in
the ferric state the heme can cone out nuch nore readily.
And when the hene conmes out, the globin is usually -- and
henmogl obin is unstable at roomtenperature and will
precipitate |leaving the heme to go into nenbranes.

The hene itself can react with oxygen to
generate radicals. So even in the presence of catalase if
you have net precipitation in heme, you're going to
generate radicals. So it's really the loss of hene that's
the key problemin the oxidative stress that cones with
t hese processes.

But before this can happen it auto-oxidises, so
we'd like to be able to figure out ways of inhibiting
those processes. WlIl, here's a picture of autoxidation.
The way it works at high oxygen tensions when the oxygen
is bound, is that this oxygen very weakly and infrequently
becones protei nated and di ssoci ates as the neutral
super oxi de.

The negative superoxide anion is never going to
| eave, because it will imediately re-react with the
ferric iron which has a net plus 1 charge.

And when the distal histamne is there, it's
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i nhibiting proteination, because it's taking the non-bond
of electrons and form ng a hydrogen bond here. So in wld
type myogl obin -- henogl obin actual |y auto-oxidi ses even
nore slowy than myogl obin, but the sane curve -- out at
hi gh oxygen tensions.

This is the mechani sm of autoxidation, and it's
very slow, so slow that when you get down to the P50, a
second mechani sm kicks in. That's when the oxygen is
di ssoci ated, water has cone on and sonetines weakly binds
to the iron and then there's a binol ecul ar outer-sphere
reacti on which gives you this bell-shaped curve, sonething
many of you have noticed, if you store henogl obin at | ow
oxygen tensions, roughly at the P50, it auto-oxidises
faster, so.

| f you then | ook at various manipulations in the
di stal pocket which we've done, if you take out the distal
hi sti di ne, autoxidation junps up several thousand fold and
that's because it's easier to proteinate the oxygen and
it's very PH dependent. Low pH, it auto-oxidises nore
because it's proteinated.

Rto T transition facilitates the dissociation

of both oxygen and the superoxide radical. D nerization,
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nonomeri zation, speed up these processes. So already,
pol ynmeri zati on, PEGylation, or stabilization in the
tetramer already is hel ping you out.

And then the question is can we construct
mutants to sl ow down autoxidation. One way is to prevent
water fromgetting in here into this pocket. Then the
same kind of nutations that inhibit NO di oxygenation sl ow
down aut oxi dati on.

And this also brings up the conundrum if you
want a high P50, you usually have to put up with a high
rate of autoxidation, and that's kind of true, and here's
the linear regression. But as in the NO di oxygenation
case, with a Fe (phonetic) at this position, we can get a
w de range of P50s at very |ow rates of autoxidation.

And in fact this conbination is found in Asian
el ephant myogl obin and probably to prevent oxidative
stress in the pachyderm and it has -- a P50, these are
all things that -- at 37 degrees, it has a P50 that's
about the sane as sperm whal e nyogl obin, but it auto-
oxi di ses much nore slowy.

What about hene | oss? Met-henogl obin -- net-

myogl obin is very stable, conpared to henogl obin. These
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are idealized tine courses. | just took the data out to
make this clear. These are the fits to the observed data.

So henoglobin is much |l ess stable with respect
to heme | oss than myoglobin. Wy is that? WIlIl, again,
structural biology tells you what's goi ng on.

There's an arginine at the CD-3 position that
forms a strong electrostatic interaction with this
propi onate. There's a histam ne down here at FG 4 which
forns a electrostatic interaction with the hene 7
pr opi onat e.

There's a hydrogen bond fromserine F-7 to the
proxi mal emtasol, and in both oxy and the ferric form
this histidine forms a strong hydrogen bond. 1In the
ferric formwth water it rotates down.

What about henogl obi n? Henogl obin | oses hene
much, much nore rapidly. Wy is that? WlIlIl, again you
just look at the structure. Down here, where they were
pol ar groups in nyoglobin, there's nothing but |ysines.
There's nothing holding on to the propionate down here --
ei t her propionate.

Al phachai ns | ose hene nmuch nore slowy than

bet achai ns. Wiy? Because they have histanm ne at CD 3
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that forns an el ectrostatic interaction. There's only a
weak interaction, at least in the crystal structure,
between this Iysine and the propionate and a weaker
hydrogen bond either with water or oxygen.

Bet achai ns | ose henme nuch faster. Just |ook at
the structure. There's |lysines down here. The serine's
too far away to interact with this propionate, and there's
only this weak interaction, and weak hydrogen bondi ng.

And if you dinerize the henoglobin it |oses hene
faster, particularly betas. |In the isolated sub-units,
you can't really even keep in the ferric state. They just
pl op out of solution. So again polynerization, cross-

i nking hel ps you out imrediately by at |east getting you
to henogl obin tetraners.

And we have patented, actually Baxter let us
keep this patent. They didn't want it anynore, putting in
hi stam ne, lysine, or arginine here -- and in fact that
will stabilize betachains and we could do simlar things
i n al phachai ns.

So we know how to fix by reconbi nant technol ogy
many of these problens. |[|f they can be identified as

bei ng i nportant, we can probably mtigate sone of these
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properties for oxidative degradation, NO scavengi ng, or
j ust P50.

Wiy isn't the reconbinant stuff -- why aren't
you hearing nore about it? And here's the dilema. This
is ny take on sources.

Potentially reconbi nant henogl obi n production is
what you want. It's unlimted. You just need corn syrup,
mnerals and a stab of E. coli. The problemis it's very
hard to produce.

And so what is -- how are we going to solve this
problenf? This is really what |'ve been working on hard
for the |ast few years and | just have two nore slides.
Here's basically erythropoiesis in a bacteri a.

We've worked pretty hard to see that what
happens is the al pha and beta chains are made. They fold
up, we think they nake a nolten gl obular internedi ate
where the al pha-1, beta-1 interface is formed and then
heme is added to nmake the tetraner.

The dilenma i s apohenogl obin is incredibly
unstable. You take the henme out and it precipitates at
roomtenperature, it won't |ast at 37.

That's a dilemma, but if you get the hene into
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it, it'"ll last for alnost ever. And you know, the
products that are being devel oped now, you can store in
your refrigerator for -- or on the bench.

So how do we address this problen? And this is
what we're working on. First thing, increase the
stability of globin by conparative nutagenesis. It turns
out deep-di ving whal es have nore stabl e henogl obi ns and
myogl obi ns because they go acidotic after an hour of
di vi ng.

So we | ook at nutations and put themin and nost
of themare in this interface. Fetal henoglobin -- this
i s sonething we should have done right away. Fetal
henmogl obin is nore stable, so we conpare and make a nore
stable interface.

A second approach that we're trying and | can't
-- this works, we've done this. W're not sure whether
this works. Mtch Wiss discovered this al pha henpgl obin
stabilizing protein. He thinks maybe it's a chaperon.

The third and the best thing is instead of just
addi ng hene and hoping it gets in, we have been co-
expressing henme transport genes from-- this one from

(i naudi ble), a lot of the henolytic bacteria, and that
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actually works, we can get the henme in really fast.

So our technology is really pretty sloppy and
this is where I wsh | had a better education in
m crobi ol ogy. W use high copy nunber plasmd for
henogl obin, a | ow copy nunber plasm d for the hel per
genes.

What we really need to do is adopt this strategy
and redesign the whole E. coli chronosone and that's
really the next generation, is to put the hel per genes and
maybe even the henogl obin and streamine the bacteria to
be able to produce |large quantities.

So it's ny guess or hope that reconbi nant
henmogl obin will be the source. W can do the protein
engi neering and now we have to do the cellular
engi neeri ng.

Thank you.

(Appl ause)

RCOLE OF M CROVASCULAR REACTI ONS | N THE DESI GN

OF HEMOGLOBI N BASED OXYGEN CARRYI NG PLASMA EXPANDERS

MR. BIRO W've been privileged to hear and see
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t he new dawn. The next speaker is Dr. Marcos Intaglietta,
prof essor of bioengineering at University of California,
San Diego and he will talk about HBOCs and the

m crocircul ation.

MR, | NTAGLI ETTA: | will discuss today
experinmental findings and studies in the mcrocircul ation.
| am prof essor of bioengineering and applied nmechanics at
University of California, San D ego.

| have col | aborative agreenent with Waseda
University of Tokyo. | have financial interest in Sangart
Inc. that was founded by Bob W nsl ow.

W were both professors at the University of
California at the sane tinme when the idea of making
artificial blood came about and | have innunerable
col | aborative agreenents and grants with Al bert Einstein
University, nostly directly by Joel Friedman, who is here
in the audience.

The point of viewthat I'mgoing to take is to
make a conparison of three fundanmentally different
henogl obi n based oxygen carriers.

One is already accepted abroad for clinical use,

one is in process, and the third one is still at a

183



clinical stage -- at a preclinical condition.

VWhat |'mgoing to discuss is variables that are
associated with the reuse, |ike dosage, viscosity, P50 and
finally what happens with nitric oxide.

Now, while taking a | ook at the
m crocirculation, the point is that when you change even
the sinplest, the nost el enentary physical characteristic
of blood, you affect all of the systenms here. They al
beconme affected. They all interact with each other and
well, it is theoretically possible to intellectually cone
up with what should be the result of changi ng one
property.

It turns out that this is a problemw th nmany
variables and it is nore practical to make an experinment.
Now we make experinents in mcrocirculation, we nake
experiments in the hanster and if there is one virtue to
doing this, it is that we were able to make this
conpari son al ways using exactly the sane nodel, the sane
pr ot ocol .

Now, we're fully aware, particularly of the
point that was raised by Professor Biro. W |ook at

healthy aninmals, we don't | ook at disease, but we | ook at
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mechani sms.

Now we | ook at very sinple things. The sinplest
thing that we ook at is functional capillary density.
This for us is the nmeter that determ nes whether the
m crocirculation, the organ and finally the whole system
functions. This is the nunber of capillaries through
which there is passage of red blood cells. |[If thereis a
capillary through which red blood cells do not pass,
functional capillary density has decreased.

Now this is determ ned by nmany factors, but the
-- one of the nost inportant ones is dianeter, the
di anmeter of the blood vessels. So we don't neasure bl ood
pressure. W don't even talk about this activity, we talk
about vessel constriction and vessel dilation.

And for us it nmeans whether the arterial
constricts or dilates and this is a fundanental
determ nant of functional capillary density but it is not
the only one, but it is a fundanental one.

But it is definitely what we all have been
di scussing here in the past day or so, when we have used
the termthe vaso-activity and this is the origin of that,

t he change of dianeter and we do this using our own eye,
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the experinenter's eye and we do it electronically through
a optical trick

Qur nodel of study is extrene henodilution or
acute anem a and basically what we do is we take the
organismto a condition in which the remaining red bl ood
cells are barely sufficient to sustain netabolism and at
that point we introduce the plasna expander, oxygen
carrier and if it is sonething that functions it goes one
way and if it does not function, it goes the other way.

Now, as the organismis poised at a very
critical point, this is the critical hematocrit for this
species. This is 11 percent, we reach this by
henmodi | ution with dextran 70,000 nol ecul ar weight and it
is an isovolem c process.

So this is where we get to and finally we get to
this point here and that is where we make the test of the
material. GOkay, which materials | amgoing to use? |I'm
going to use MP4, which is the material that was devel oped
by Bob Wnslow, but it is really representative of PEG
henogl obi ns -- henogl obi ns conjugated there with
pol yet hyl ene gl ycol .

" m going to use the henpgl obin vesicl es
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devel oped by Professor Tsuchida and his team at WAaseda
University in Keio and I'mgoing to use the veterinary
version of pol ynerized bovi ne henogl obi n produced by
Bi opure which we have purchased commercially in the
mar ket .

And | have here two plasma expanders that -- one
| use perforce to do the henodilution and the other one,
you will see that there is a nethod to the idea, and |
will cone back to that in a mnute.

So what | present has all been the result of an
arduous battle of publications, because sone of the ideas
are a little bit outside of what we have normal |y thought
about doing, which maybe is in part the consequence if you
| et engineers do work in biology.

At any rate, this is part of the publications
and it is -- reflects the contribution of three
i ndividuals, Any Tsai, Pedro Cabrales, and H rom Sakai.

So let us go to work. This is a conparison
When we | ook at the dianmeter and the functional capillary
density of PEG henogl obi n, henogl obi n vesicles and
pol ymeri zed bovi ne henoglobin -- this is diameter and this

functional capillary density.
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Ckay, there is an interesting nessage here. The
vessel constriction appears to be a function of
concentration of henogl obin independently of howthis is
packaged.

This is the concentration of the henoglobin in
plasma, in this extreme henodilution experinment. This is
al so the viscosity of the plasma, right?

And this is probably not very different but this
one here is significantly different fromthis. So, vessel
constriction and functional capillary density track each
ot her.

But how about this concept of dosage? kay,
this is sane experinent done only using polymerized bovine
henmogl obin, the veterinary version. And as we increase
t he dosage, we |ower the dianeter.

So interestingly at the dosage of one gram per
deciliter in plasma, it's perfectly okay. There is no
problemwi th this. In fact, the functional capillary
density is 75 percent. It's not really a vessel
constrictor, it preserves as well as or better than
dextran, functional capillary density, but the problem

appears when the dosage goes up.
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W should note -- we should entry that by chance
or happenstance or unnaturally physiol ogical restrictions,
for instance, PEG henogl obin can nore or |ess only be used
at one percent, maxi numtwo percent concentration in
pl asma, because it is limted by the very high oncotic
ef fect.

So there seens to be a sort of a natural limt
to where nol ecul ar henogl obin can be used w t hout causing
vessel constriction. GCkay, nowis this really what can be
done if the nane of the ganme is vessel dilation and
preserving functional capillary density? And the answer
IS, no.

If I -- instead of using henoglobin, | use a
hi gh viscosity plasma expander, | get vessel dilation and
| get significantly sustained functional capillary
density. So what is going on here?

Well, what is going on is that all of this is at
very |low plasma viscosity but if |I use dextran 500, a
| arge nol ecul e, everything -- all those at 11 percent
hematocrit, | get vessel dilation.

So viscosity is a player in this and the idea

comes, what happens if we were to increase the viscosity
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of this materials. But the thing before doing that, why?
What's going on here? Wiy is viscosity at play here?

Well, let us first of all take a | ook at what
happens system cally, because it is a very valid critique,
it is fine, you |look at the capillaries in the skin of the
hanst er, what does that have to do with anything? 1Is this
any central correlate that tracks what happens in the skin
of the hanster?

And this is functional capillary density, this
is the data that | presented before and this is base
excess. Now, Peter Keipert with Bob Wnslow s
presentation gave |actate, but here is base excess which
is asimlar but different global measurenent of what is
goi ng on.

Clearly, the dextran is -- it |eaves you to nake
up this base excess. How wonderful the high viscosity is,
apparently not carrying oxygen; doesn't do wonders for
base excess. Wile on the other hand carrying just a
little bit of oxygen with this nmaterial, the PEGyl ated
henogl obi n does do in fact restore base excess to
basically normal values and the vesicles also -- at that

fairly high oxygen concentration, you can package a | ot of
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henmogl obi n i nside the vesicle, do give you a reasonably
good base excess.

And we have advanced many tines in di scussions
wi th the Waseda group, (inaudible) that maybe the
formulation of this material is not sufficiently viscous,
if it were nore viscous they would get the desired result.

Vel l, now, why? What is going on here? W
propose that what is going on is basically
mechanot ransducti on. The shear stress acting on the
endot hel i um produces vasodil at ors.

| use the plural, we're all fixated with nitric
oxi de, but the original paper by John Frangos (phonetic)
put -- shear stress produced was prostacyclin, another
vasodi | ator, and who knows what el se m ght be being done
there, but we are fixated with nitric oxide and there is
good reason for that.

But | indicated this is not the only vasodil ator
that is being produced, but we can neasure. So, Any Tsai
desi gned a system of neasurenment for this with
m croel ectrodes. W go next to the wall of the arterials,
veni al s (phonetic), we can go into tissue, we can go

anywhere, and neasure the concentration of nitric oxide
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under this different conditions.

And if shear stress has anything to do with
this, we will determine it, and if viscosity has anything
to do with this, we will determne it and in fact this is
what conmes out. This is the circulation normally. There
is a concentration of nitric oxide neasure next to the
wal | .

This is what happens -- aninmals henodiluted with
dextran. This is what happens ani nmals henodil uted and
added pol yet hyl ene gl ycol henoglobin. This is PBH and
this is dextran 500. Now hematocrit in all of these
animals, these three here, is the sane, 11 percent.

So viscosity is a player. Viscosity is a
phenonenal player because here we cannot argue about
extravasati ons, here we cannot argue about scavengi ng.

Al of these materials apparently are
scavengi ng, of taking out nitric oxide equally and the
point is that this one here, if it is not a vessel
constrictor, is definitely sonething that maintains the
circulation exactly at the sane level as it is under
normal conditions. You saw the diameter does not change,

so there must be sonething el se going on here.
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And the -- now the search is what is this.
Before arriving to the final point, oxygen obviously is
the major player here. Al of this centers around oxygen.
And doi ng PEG | owers P50, increases significantly the
affinity of the henoglobin to oxygen and the question is,
is that okay, how that nodifies then subsequently
everyt hing that depends on oxygen, and | -- in this
particul ar case, having avail able the vesicles and with
the goodwi || of H rom Sakai and the group of Waseda and
Kei o, we were able to test sinultaneously vesicles that
have | ow and hi gh P50.

This is ideal experinent because everything is
i dentical other than the P50 of the henobglobin within the
vesicle. And this is the result, this is P50 of eight and
this is P50 of 28.

This is a tissue PO2 and this is the oxygen
delivery and it is clear an advantage, by high oxygen
affinity in this extreme henodilution condition.

So that -- we're okay with that. So oxygen is
not really being put in jeopardy by the conditions of
pol yet hyl ene gl ycol conjugated henopgl obi n.

So what is it? Pedro Cabral es organi zed the
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foll owing experinment. This is a normal aninal and we give
L-NAME. So we wi pe out a good portion of the ability of
t he endotheliumto produce nitric oxide.

And correspondi ngly, the peripheral dianeter
decreases and now we nmake a infusion -- top-load infusion
of either a saline PEG al bum n. Al pha-al pha henogl obi n,
PEG henogl obin, and the veterinary version of polynerized
bovi ne henogl obin -- top-1oad infusion.

Not hi ng happens, stays vessel constricted. And
now we give nitrate and bingo, the PEG henogl obi n causes
vessel dilation. Nothing happens to the other materials.
Not hi ng happens to Peg-al bumn. |It's here, you see, but
PEG henogl obi n has apparently nitrite reductase activity
and in this sense we are in high agreenent with Professor
Dr. dadw n about the potential for nitrate as being a
critical parameter, particularly with regards the
managenent of the circul ati on by PEG henogl obin

So to conclude, we do have a m crovascul ar bl ood
substitute. W have a blood substitute in process -- we
have two actually. W have PEG henogl obin and we have
vesicles that are able to maintain the mcrocircul ation.

But we are poised to actually make sonet hing
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that is actually better than blood. If we realize first
of all that henogl obin based oxygen carriers are al
fundanmental ly different, that there is a viscosity effect
here, that in principle could be used to counteract this
activity, we propose that there is a nmechani sm by which
PEG henogl obi n overconmes NO scavengi ng, but this is just
t he begi nni ng.

We have to introduce the glyco-chelics
(phonetic) if viscosity is a player in this game. |If PEG
henmogl obin will carry the day, we have to -- we have one
henmogl obi n and we have an infinite variety of PEGs. W
have to find the right conbination

Joel Friednman asked nme the other day, do we
really need the hene, and | have an NIH grant trying to
prove that we don't, and obviously toxicity is still the
maj or reason to really be concerned about all of this and
in all probability to have this neeting and having
received the invitation from Abdu.

Thank you very much

(Appl ause)

ENDOGENOUS HB SCAVENGERS AND HBOC TOXI CI TY
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MR, BIRO | hope sone of you are furiously
witing your questions. The next speaker is Dr. Schaer.
He comes fromthe University Hospital in Zurich,
Switzerland and he will talk about endogenous scavengers
of nitric oxide.

MR. SCHAER: Thank you very much. As he al ready
said, ny nane is Dom nik Schaer. I'mfromthe interna
nmedi ci ne departnment in Zurich and that's actually a very
nice view fromour departnent across the canpus, over the
| ake and to the Sw ss Al ps.

VWhat | will do within the next 20 m nutes or so
is to give you a very brief overview on our current
pi cture of endogenous henogl obi n scavenger and
det oxi ficati on systens.

| will mainly talk on haptogl obin, and scavenger
receptor CD163. | wll then go into one exanple. | wll
show you how hapt ogl obi n prevents the henogl obi n-i nduced
hypert ensi ve response.

| wll then switch to HBOCs and i ntroduce a
sinple kind of a structure-function relation nodule, which

m ght help to -- might help us to understand how and why
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some HBOCs do interact with haptoglobin and CD163 and
others do not, and I will show you sonme exanples how an
HBOCs interacts wi th haptoglobin, or CD163 can
fundanmentally alter the biologic profile of an HBOC.

So this is a very sinplified schene of the
henmogl obi n scavenger system we have and henogl obin is
rel eased into the circulation or in the interstitial
space.

Consi der any wounded tissue, then it usually
bi nds very rapidly to haptogl obin, which is an ubi quitous
protein. For many years, haptoglobin was thought to be
excl usively synthesized by the liver. This picture
changes nore and nore. W know that haptogl obin can be
expressed in such cells as adipocytes. It can be
expressed i n macrophages.

Hapt ogl obin is one of the mmjor proteins of
neutrophil granules. So as |ong as the henogl obin,
hapt ogl obin conplex is within the circulation, it is very
rapidly cleared by the liver.

We don't know exactly by which nmechani sns
macr ophages and Kupffer cells within the liver, which

express the henogl obi ns scavenger receptor CD163 m ght
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play a role, but very likely there are other lowaffinity
transporters or receptors which nediate the cl earance of
t he henogl obi n, haptogl obin conplex by the |iver.

VWhat we believe is, as soon as the henogl obi n-
hapt ogl obi n conplex is out of the vascul ar space into
interstitium that the only specific pathway which can
cl ean henogl obin fromthe interstitial space is the
macr ophage, with it's scavenger receptor CD163.

Once t he henogl obi n- hapt ogl obin conplex is
endocyt osed by the nmacrophage, the hene is rel eased and
i nduces a very specific gene-expression profile in the
macr ophage.

One of the nost highly induced genes is the
henoxygenase 1 and the increased -- as the result of an
i ncreased hene breakdown, the macrophage release is the
heme breakdown products, bilirubin, ferritin, and carbon
nonoxi de.

And one very interesting aspect on this is that
t hese three substances all have very potent anti -

i nflammatory, anti-oxidative and anti apoptotic properties.
And by doing so, CD163 |links actually, potentially toxic

extracel | ul ar henogl obi n exposure to a very protective
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gene expression in the nmacrophage.

So this is just one exanple to show you human
(phonetic) nmacrophage altering the cytosis of henogl obin,
just to show you that the henpglobin really ends up in the
green- st ai ned gl ycosones here.

This picture should show you that the CD163
henoxygenase systemis really expressed in inportant sites
within the master system that's atheroscleritic
(phonetic) bl ack.

You can see that this is a conplex -- a conpl ex
black with rmultiple neovessels, with nultiple intra plaque
henorr hages, and you can see that there are multiple CD163
positive nmacrophages which do al so express henoxygenase 1
and the interesting thing actually is that all these cells
whi ch have hi gh | evel of henoxygenase 1 expression, do
al so have an expression of CDl163, so there seens to be a
direct link of CD163 expression and henoxygenase
expr essi on.

So when you tal k about protection by haptogl obin
and CD163, | could go through ol der studies which show
t hat hapt ogl obin has the potential to protect environnment

from oxi dative stress and oxi dative damage.
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| could al so show you current data from our
research that haptoglobin extrenely effectively protects
t he henogl obin itself from oxidative damage. But today
and yesterday, everybody was tal ki ng about hypertension,
about base activity. | wll therefore show you how
hapt ogl obi n prevents the henogl obi n-i nduced hypertensive
response.

These slides actually sumrari zes three
i ndependent studies. Two studies were perforned in dogs,
the third study in guinea pigs. |In the dog studies, we
had one (inaudible) study which was perfornmed in conscious
dogs with non-invasive blood -- non-invasive bl ood
pressure neasurenents, we infused stronma-free henogl obin
over 8 hours.

The second study was done with anesthetized
dogs, with a full henodynam c neasurenent of invasive
bl ood pressure, pulnonary artery catheter and everyt hing.
W i nfused stronma-free henogl obin over 2 hours. |n nost
experiments, the haptoglobin concentration in the plasm
was about 200 mcronmolar. The inportant thing wth these
tools that is -- was that we had two groups of dogs. W

had one group, that's the black dogs, which had | ow or
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nor mal pl asnma hapt ogl obi n concentrati on, nornal plasma
hapt ogl obi n concentration in dog nmeans about one to two
mlligranms per m.

This is quite interesting since the dog is one
of the very, very few animals, which has plasma
hapt ogl obi n concentrations about in the range of hunmans.
Then we had the second groups of dogs with a highly
i nduced hapt ogl obi n concentration. The haptogl obin
concentration in these dogs was about 5, up to 10
mlligrams per mM. As you can easily see is that we had
pronounced and sustained the increase in the nean --
arterial blood pressure in the dogs with the | ow
hapt ogl obi n concentration, but we had absolutely no
response in the dogs with the high haptogl obin
concentration.

To prove that this difference in the bl ood
pressure response is really the result of haptogl obin and
not any ot her cause, we went to the guinea pig. W
performed the 10 percent top-load study where we injected
either a very, very | ow dose of henogl obin alone or the
sanme amount of henogl obin together with a slight excess

concentration of haptoglobin to nake sure that all the
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henogl obin i s bound in the henogl obi n- hapt ogl obi n conpl ex.

You can very easily recognize that the bl ood
pressure response through the henogl obi n- hapt ogl obi n
conplex is much nore | ower than to henogl obin al one. What
goes on in these animal s? That's just henodynam c
measurenents for the second tal k study, but we had this
(i naudi bl e) catheter and we're able to calculate the
system c vascul ar resistance. Do you concede that in the
| ow hapt ogl obi n concentration aninmals we hadn’t about 30
percent increase in the system c vascul ar resistance,
which is very well conpatible with about 30 percent
increase in the nean arterial pressure, which I have shown
you before?

In the animals with the high -- with the induced
hapt ogl obi n concentration, we had only very low, with four
percent non-significant increase in vascul ar resistance.
So what's going on in these aninmal s? These are actually
very reasonabl e experinent if we |look at the urine of
t hose animals after infusion of the henpgl obin. These
four tubes represents urine fromanimls after infusion of
henmogl obi n of the | ow hapt ogl obi n group.

These four sanples of urine are also taken after

202



t he henogl obin infusion, but they come fromanimals with
the hi gh haptoglobin plasma | evels. And you can easily
see by mass spectronetry that these dark color, of course,
is the secreted henogl obin. W cannot detect any

henogl obin in the high haptogl obin plasma concentration
ani mal s.

If we go now to the plasma side and anal yzed t he
pl asma by high pressure |Iiquid chromatographically, also
after infusion of the henoglobin, this is an exanple -- an
elution profile of one of the animals with the | ow
hapt ogl obi n concentration. W see that the hene | evel
about 25 mnutes. That's exactly where we expect the
henmogl obin tetraner to elude. Wat happens in the aninmls
wi th hi gh haptogl obin concentration? W have a huge |eft
shift of the henme (inaudible) what neans that the hene is
now in a | arge nol ecul ar conpl ex.

This conplex is even bigger than haptogl obin
al one. Hapt ogl obi n al one has been -- acted as a control.
So this conplex is rmuch bigger than henogl obin al one and
it is also considerably bigger than haptogl obin. And al
that together is very conpatible with the fact that

henmogl obin really circulates within this about 150
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ki | odal t on henpgl obi n and hapt ogl obi n conpl ex. So what
hapt ogl obi n actually does in these experinents is the key
to the henogl obin within the circul ation.

So we then switch to the HBOC question, and
asked whet her chemcally nodified henogl obin could -- al so
interact with haptogl obin or CD-163 or both or neither.
Wuld it be possible to predict fromsinple structural
characteristics of HBOCs, would it be possible to predict
whi ch HBOC woul d i nteract with haptogl obin or CD 1637

And the nost inportant question, does an
interaction of an HBOC wi th haptogl obin or CD 163 does
that nodify the biologic profile of an HBOC? What we did,
we started with a very heterogeneous group of avail abl e
HOBCs and cl assified themaccording to two sinple
structural characteristics namely the predom nant type of
i ntra-nol ecul ar cross-linking. W deterni ned the
nol ecul ar size of each of the HBOCs, and for each of them
we mneasured haptogl obin binding affinity and CD 163
bi nding affinity.

It was very easy by nmass spectronetry to find
two distinct groups of HBOCs. One of those -- one of

these -- one group was exclusively of HBOCs cross-I|inked
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via there al pha-globin genes. The other group of HBOCs
was exclusively stabilized via coval ent cross-1inking of
the beta genes. From a nol ecul ar perspective -- froma
nol ecul ar size perspective, it was possible to find HBCCs,
which were small, mainly tetrameric. W found ot her

HBOCs, which were nore or | ess honbgenous but big, and the
third group was very het erogeneous group which contai ned
tetramerous (inaudible) of different sizes.

This figure in the right upper-corner here
represents the typical BlAcore neasurenent of haptogl obin
binding affinity. That is a very elegant and easy nethod
of how we can determ ne the affinity between haptogl obin
and henogl obin or an HBOC. Haptoglobin is bound to a tip
and we have a flow of henogl obin or an HBOC over the tip.
And the higher the curve -- if the two nol ecules interact,
we get the signal, the higher the curve goes, the higher
is the signal and the higher is the affinity of the HBOC
or henogl obi n to hapt ogl obi n.

You can easily see that non-nodified haptogl obin
has the highest affinity. Then it starts to becone
interesting. W have a very distinct path and with the

red Iines which represent these beta-beta cross-Iinked
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henogl obi ns having a very or a relatively higher affinity.
And the blue lines, which represent the al pha-al pha cross-
I i nked henpgl obi ns, these HBOCs have a very | ow, al nost
absent affinity to haptogl obin.

Al pha- al pha cross-1linking or beta-beta cross-
I inking has nothing to do with the binding to CD163. The
bi nding to CD- 163 goes with the nol ecular size, as | can
show you in this figure where you can see the very strong
i nverse relationship between nol ecul ar size and CD 163
bi ndi ng.

W have snmall nolecule, snmall HBOCs tetraners,
whi ch have a very high affinity to CD-163. These
nol ecul es are created by CD-163. These nol ecul es, they do
i nduces an hene oxygenase-1 response in the macrophage.
Then we have the very big nol ecul es, which have no
affinity wwth CD-163. These nol ecul es are not created by
a CD-163. And finally we have sone internedi ate sized
nol ecul es, which have also an internmediate affinity to CD
163.

Taking all these together, if we tried to group
all the HBOCs in two classification systens, this

represent the structural classification system here we
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have the functional classification system Just to give
you a few exanples what we can do with this, we can group
each of the HBOCs in one of those classes. Here we had
t he beta-beta cross-linked nol ecul es which are small. In
this group, we find a beta-DBBF cross-I|inked henogl obi n.

Then we have | arge nol ecul es which are beta-beta
cross-linked. One exanple is the BTC and dextran
pol yneri zed henogl obin. W have al pha cross-Iinked
henmogl obi n which are small. One exanpl e on al pha- DBBF
cross-1linked, tetraneric henoglobin. And on the other
side we have the functional classification. W have
strong CD- 163 bi nders, which have weak binding to
hapt ogl obin |i ke this al pha-al pha DBBF cross-1inked
henmogl obi n.  Then we have weak CD-163 binders with strong
hapt ogl obin binding affinity like this BTC, dextran
pol ymeri zed henogl obi n.

Now, since the cross-linking pattern directly
determ nes the haptoglobin interaction and since the
nol ecul ar size determ nes the CD- 163 interaction, it was
possible to fuse or conbine these two classification
system and we end up with a kind of structure-function

rel ati onshi p nodel which helps us to find out, based on
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t hese sinple structural paraneters, to find out whether an
HBOC can interact with haptoglobin or CD 163 or both or
none of them

"1l give you just again one exanple, this beta
cross-linked and dextran polynerized henoglobin is a |arge
nol ecul e. Because it's large, it's a weak CD 163 bi nder.
It is better cross-linked and because it's better cross-
linked, it binds strongly to haptoglobin. So all this is
interesting, but it's only inportant if binding of an HBOC
to any of those scavengers would al so nodify the biologic
profile of an HBOC, and it actually does.

| go back to the -- to our dog infusion nodel,
and you have seen in the first slide, the stroma free
henmogl obi n infusion in dogs wth a normal or | ow
hapt ogl obi n concentration i nduces quite a consi derable and
sust ai ned bl ood pressure response. You also recall that
if infused the sanme anmobunt of stroma free henoglobin in
dogs with a high haptogl obin concentration, that these
dogs are protected, they do not show any bl ood pressure
response.

But now what happens if we infuse these sane

dogs with a hi gh haptogl obin concentration and al pha-al pha

208



cross-1inked henogl obin which should not interact with
hapt ogl obi n? W have the sane increase in blood pressure
as we have with the stroma free henoglobin into dog's with
a | ow hapt ogl obi n concentration. So what's happened --
what happens in these animals like first show we have the
physi ol ogi ¢ concentrati on.

W have haptogl obin -- two henogl obin dinmers
bound to that haptoglobin, and if we analyze this m xture
in a special high-nmass MALDI nass spectronetry, we can see
that there is a high nass conplex. W don't see any
hapt ogl obin and we don't see any free henogl obin.
Everything is bound within this conplex. If we nmake the
same analysis with a m xture of haptogl obin and al pha-
al pha, this al pha-al pha cross-1inked henogl obin, we don't
see any conpl exes. Wat we see is free haptogl obin and
free henogl obin detrinent.

So these experinment very nicely shows that for
the protective activity of haptogl obin, the physical and
very high affinity interaction between the two proteins is
really inmportant. So fromthis you could consider that
hapt ogl obi n interaction should be preferable or could be a

good quality of an HBOC, but there is al so enough space
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severe troubles with beta cross-1inked henogl obi ns and
hapt ogl obi n.

This child in dispute is the result of sinply
m xi ng haptogl obin -- fluid solution of haptoglobin with
another fluid solution of a beta cross-1inked henogl obi n.
What's going on here? | go back again to the physiol ogic
situation we have. Haptoglobin. Each haptogl obin
nol ecul e has two bi nding sides for henogl obin at each --
to each binding sides binds one henoglobin diner. Each
di mer has one binding site for haptoglobin so it is a kind
of closed (inaudible).

This is even sinpler when we tal k about al pha-
al pha cross-1inked henogl obi ns because there is no
interaction between the two proteins or m xtures of al pha-
al pha cross-1|inked henogl obi ns, and haptogl obin remain
fluid.

But now consider a beta-beta cross-I|inked
henmogl obi n which is polymnerized to be a | arge nol ecul e.

W have big nolecules nowwith rmultiple binding sides for
hapt ogl obin and each -- to each of these binding sides can
one hapt ogl obin bind. And this haptoglobin can link into

ot her big beta-beta cross-1inked polynerized nol ecul e,
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whi ch again has multiple binding sides for haptoglobin and
so on and so on, and we really have the possibility of
infinite binding events within one single conplex and the
formati on of these nega conpl exes.

We can of course | ook at this phenonenon with
nor e sophisticated technologies. | can show you here
shear rate is (inaudible). Al these |ines represent
m xtures of haptoglobin with different beta-beta cross-
| inked HBOCs. These lines represent m xtures of
hapt ogl obin with different al pha-al pha cross-1inked HBCCs.
And you can easily see that even at very high shear rate
rates there is a significant and highly increased
viscosity with the beta-beta cross-1inked henogl obi ns.

And when we sl owed down the shear stress, this
has caused increases and increases and increases. |It's
called the process of gelation until we end up with
sonet hing we want to have in our blood vessels. This does
not happen with the al pha-al pha cross-1|inked henogl obi ns.

So to conclude, we have very effective
endogenous henogl obi n scavenger in detoxification systens,
whi ch | have shown you -- | did show you one exanpl e which

can, for exanple, conpletely separate the waste activity
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of henoglobin. | did also show you that sone HBOCs can
interact and others do not interact with haptogl obin or
CD-163, and | did also show you that interact of an HBOC
wi t h hapt ogl obin or CD- 163 can fundanentally alter the
bi ol ogi ¢ and maybe also the clinical profile of an HBCC.
And the | ast question which | cannot answer now
is, of course, whether we -- whether it will be possible
to take advantage of these extrenely successful endogenous
detoxification systenms to limt HBOC s toxicity. Thank

you.

(Appl ause)

UTILITY OF ANl MVAL MODELS | N HBOC EVALUATI ON

MR. BIRGO For a change in pace now we are
shifting to sonething that is generated sonme di scussion
during yesterday, and Dr. Joy Cavagnaro is going to talk
about the utility of animal nodels in HBOC eval uati on.

M5. CAVAGNARO. Thank you, George. | thought he
was going to say we're finally getting another female to
present (i naudible) conplinent.

(Laught er)
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M5. CAVAGNARO Interesting field. 1In the
interest of full disclosure, I wll state that ny conpany
in the past has consulted with Northfield, Biopure and
Hemasol. | suspect that | have been invited today by the
organi zers, thank you, | think, because of ny role. And I
refer to nyself these days as a recovering regulator, so
is ny colleague Joe Fred Ant hony (phonetic).

So as a recovering regulator then, the slides --
| don't have to nmake the disclainmer that the slides
represents nmy own opinion and you probably have to take
fewer notes in that regard. But | will now give you ny
experience based -- in the whole area of preclinical
eval uation and its rel evance to HBCCs.

And I'lIl start even though this is a preclinical
di scussion, I'll start with what | referred to as a
clinical dilema, and that is with novel therapies by
definition are potential high risk due to their uniqueness
and novelty. And | would submt to you the thought of
adm ni stering henogl obin outside a red cell was at the
time and perhaps still isn't a novel therapy or idea.

The initial first in human subjects are often

wi th disease with our normal therapies versus vol unteers.
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Al t hough unli ke the standard paradigmw th small nol ecul ar
wei ght drugs where a single dose in the animals will allow
you to go single dose in healthies (phonetic) and -- at
least in the United States with certain other additional
tests. But in principle, with novel therapies we tend to
go into subjects with disease.

In large part there's an extrene interest of
devel opers of novel therapies, which tend to be smaller
conpanies, to actually see sone activity. There are
al nost kind of encouraged through various mlestones to
see activity in that first trial. And so those initia
first inhuman trials are in subjects with disease to
assess not only safety but sone activity.

And in sone therapies, the proposed patient
popul ati on based on the risk benefit is actually the |east
likely to show activity. And it's interesting the
di scussions that we had over the past couple of days that
whi ch patient popul ati on should we go into.

When you go to the extrene, they are | east
likely to show activity. They are also nost likely to
show toxicity, but | think we heard today the suggestion

t hat perhaps even in the henpgl obin that a popul ation
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where we should go into is a very dire popul ation, which
woul d have the nost opportunity to see activity but, of
course, then we will then mnimze our ability to now
address the safety of these products.

In defining risk versus benefit has been
di scussed, of course, and how do we justify clinical
devel opnent. W heard two suggestions made in ternms of
the current status of henoglobins in the U S, and having
in a previous position -- latest position at the agency,
havi ng been the chair of the clinical whole conmttee and
then exit in the agency into a biotech conpany, which was
on the cusp of discovery devel opnent, the concept of
clinical hold is really inconpatible with gaining venture
capital funds. kay, this is very difficult.

We have heard about conpassionate use. And as a
way forward, a potential way forward, are encouraged
conpassi onate use, but then again, as best as |
understand, the use of these products is best inits
i mredi acy. And conpassi onate use doesn't quite allow that
because you know if you're transporting the drug froma
devel oper, then you get clearance through the agency,

which is quite quickly, but then you have that transport
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i ssue.

And so perhaps maybe continui ng devel opnent,
anot her thing to think about is the concept of instead of
conpassi onate use or single subject use, treatnment | NDs.
Again, going forward treatnent | NDs offer sone point of
recovery but, again, allow this continuation of
devel opnent, cost recovery in that regard.

So | hope we've quite understood now this
fundamental statenent, the first statement is that no drug
is a 100 percent safe.

And that is, again, inherent in the definition
that drugs are approved based upon outwei ghing foreseeabl e
risks in a specific indication, in a specific population
whi ch, of course, neans not -- and this benefit risk
assessnment isn't based on off-label use. And a drug is
less safe it's used in a way that decreases foreseeable
benefit or in a way that increases risk or if the actual
risks are greater than the predictive risk.

And, again, so here are -- is exanple again of
presumably all of these trials were approved and nmade
their statistical endpoints and were consi dered safe and

effective at the tinme of approval as they were. And with
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t he exception of cardionyopathy, which was seen in the
clinical trials, the point of this trial is not that --
based upon now various accreditations of serious and life
t hreat eni ng chroni c diseases. The point of this trial is
t hese bl ack box warnings were not part of the approval in
t he approval, that these black box warnings were
introduced after the phase Ill clinical trials, after
approval s, during phase I1V. And we heard yesterday about
EPO et cetera which has happened after a | arge
experinmental base.

And this slide for me is ny justification
because I'mconstantly trying to justify the rel evance of
ani mal nodels. And so just a rem nder that humans nay not
even predict humans, at least in how we assess themin our
current clinical trial designs. And again, sonme of these
seriousness include deaths, or sonme of these box warnings.
And in addition, there is now way even retrospectively
that we coul d access the mechani sm

Agai n, sone of these are human proteins. So
that's quite different in itself, but mechanistically in
an animal nodel. So there is no way that we coul d t oday

go back and nechani stically perhaps even create a nodified
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Tysabri that may not result in PM.,, not can we nodify a
Xolair in terms of preclinical that would relieve us of
this potential black box warning.

So predicting, estimating potential human risks,
free the clinical to support clinical decisions. And we
do that in vitro and in vivo and its scale up. So we can
find a lot out in vitro. And what validates our in vitro
is the in vivo, right? So, again, we heard today about
the sensitivity in nodels. And we can nake in vitro
studi es very sensitive, but then how do they relate in
Vi vo?

So do we have relevant nodels and I'll speak to
that in quite length. Are they available and are they
feasible, technically feasible? And we learned in this
area that we had to devel op assays entry agents even to
hel p us avoid sone of the interferences with these
products, and then how best can we distinguish real from
t heoretical risk.

So fundanmentally the objective of what we do in
animal studies is to answer the question, is this new
product safe in hunmans and how best to recomrend initial

safe starting dose and dose escal ati on schene, identify
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potential target or organs of toxicity, what do we
monitor, can they be nonitored in the clinic, are they
del ayed, are they reversible, and how best to identify
ri sk popul ati ons.

And we recommend the at-risk populations in the
i nclusi on/exclusion criteria. They gets translated into
the clinical trial design. And, you know, interestingly -
- and we can do that. | nean, we nodify based upon rena
toxicity or hepatic toxicity we can -- we make that
recommendation and it gets assuned in the clinical trial
design. But interesting for many of the indications that
have been di scussed, the recommended exclusion criteria,
based upon toxicol ogy studies, often times for many of
these studies is actually the inclusion criteria to enrol
in the study.

Clearly what we do is iterative. Even though
it's pre-clinical, I would submt that it's -- we're
al ways pre-clinical, even carcinogenicity studies prior to
lifetime exposure. So it's iterative. And what | have
| earned at | east over these |ast couple of days is that
while the products are not on the shelf today, we have

| earned rmuch over the years in ternms of nechani sns.
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And in this last presentation, | nean, it's even
i nportant that we have actually had many different
henmogl obins to evaluate this. And whether or not
henmogl obins are alike or different et cetera. | think we
have, at least in this last presentation, shown that there
are attributes that maybe nore anenable to nodification in
sonme aspect and others. And -- but it's because we've had
a nunber to | ook at.

And we have done, | think, advances not only
fromindustry base, but academ a and the agency. And
their research efforts have, for ne, at |east over these
| ast coupl e of days, have really advanced | think much in
the area of nechani sm based toxicity with these agents.
think that's a positive thing.

In terns of preclinical safety eval uation, what
we need to know is we need to understand the product
attributes and their characteristics. And again this has
been a hall mark of what we -- for a biologicals or
bi opharnmaceuticals in terns of the process related to the
product. But it's inportant that we understand rel ated
products as well, and | think that's the benefit that

you're referring to at the agency, that these products are
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related and they cannot be dismissed in ternms of what you
know.

The principle mechani smof action, | think, we
have an idea what that is, for products that are
rational ly designed. Efficacy nodels, and I'l|l speak nore
to that, but they -- not only do we need to know t hem but
we need to know their limtations, those exposure
information, identifying again the target organs of
toxicity and whether any of this toxicity is reversible.

And now I'I|l propose the pre-clinical dilemm,
and that's the schizophrenic use of pre-clinical data. W
generally believe the efficacy and we question the
toxicity. And that's often in suggesting that the species
maybe too sensitive. So the animal species. So we've
heard a coupl e of days that sonme species are nore
sensitive, but are they -- so are the | east sensitive nost
I i ke humans or the nore sensitive? And this is what we
al ways struggle wth.

The inefficient use of "proof of concept”
studi es nodels. Again, these are very inportant and I']I
get into this in ternms of speaking about ani mal nodel s of

di sease, but often these studies are designed to | ook at
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an active dose but not always it does responds, not always
it define a mnimal effective dose. And they really

i ncl ude high dose or safety end points. So we do a study
at a dose, it works and we feel very good and we believe
because it's efficacious.

We are concerned about seeing toxicity in the
toxicity study. And I'll go back, and again, in terns of
di scussing what's an acceptable toxicity. But the whole
point of toxic studies in the animals is to see toxicity.
So when we see toxicity in the animls, what does that
mean? W are nore conservative in our dose extrapol ati on?

Agai n, many of these toxicology studies -- nost
toxi cology is done in normal aninmals. And so when we now
in our first inhuman trials in patients with disease, we
are asking themnot only to extrapol ate cross species, but
cross physiological states. So it's not really giving
them a chance to actually be predictive.

Otentinmes these studies are designed to satisfy
a discipline in rather than providing answers to questions
for clinical decision making. And ny experience in that
is, is that at | east once a week sonebody calls and asks

nme what's the | east amount | have to do to get into the
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clinic. And so, you know, clearly that's not -- what are
t he questions that we've been asked, what is needed. What
are the -- and | think what we've |earned, at least in
this area, is that we know now what questions to ask
better than we did perhaps 5 or 10 years ago.

Current practices. Again, nost of the tools
used for toxicology and human safety testing are decades
old and this was identified in the critical path
initiative, and that not very useful in terns of
predicting safety and often times halts devel opnent.

So sone of the key issues include selection of
the rel evant nodel, which includes understandi ng species,
rel evant species, and the physiol ogical state, again, root
and how high do we go and whether or not we're going to
t ake advantage of not only | ooking at safety activity, but
safety in our studies.

Again, this is just how traditionally we have
| ooked at species usually on an enpirical basis rodents
and non-rodents. And in a retrospective |ook at studies
in 2000, it was suggested that we m ght be doing better to
| ook at you know, PD-physiology et cetera. And clearly,

what was stated with biopharnmaceuticals in 1997 is this
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non-rel evance species nmay be m sl eadi ng or discourage.

So we have opportunity for normal ani mals and
animals with disease and again the basis is -- should be
based on anatony, physiol ogy, disease under study. W
consider the availability of these species and the size,
housi ng requirenments, the costs and whether or not we have
had experience with these nodel s.

Now t he real reason why nany of these aninmals
nodel s of disease are not used to assess safety in the
traditional sense in nost pharnaceuti cal
bi ophar maceutical is the concerns, these concerns. And
these are highlighted here, the advantages again are that
they parallel the target popul ati on and maybe have a
direct estimate of therapeutic index and they have a
potential for increased sensitivity.

And t he di sadvantage is and why people don't use
themis that they are variable, they may not mmc al
aspects of the disease, there m ght be a paucity of
background pathology to interpret. And then again, of
course, again, that the sensitivity may not be rel evant.

So what has happened over the evol ution of

HBOCs? Again, in their late 1980s, | was the principle
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t oxi col ogi st and the only card carryi ng toxicol ogi st,

wal ki ng my way down to Dr. Fred Anthony's office one
afternoon and saying, "How do we conpare these HOBCs that
are comng, they may be different, they nay not be
different but how can we assess them because nobody is
testing themthe sane?"

And that was a discussion one |ate afternoon
and, you know, is it volune overload, is it replacenent et
cetera, and | think it was quite clear that vol une
over| oad does not nake a whole | ot of sense.

Again this was in the 1990s, again
recommendati on now canme as in terns of |ooking at
sensitive species in 2004, using recomendation to use
animal nmodels to mmc the intended clinical use, to
nmonitor specific toxicity end points and so where are we
now i n 20087

So | would like to propose a categorization of
toxi col ogy. Again are all henogl obins the sane, and may
be not exactly but is there a way to categorize them And
| would -- and thinking about this is howin 1987
Prof essor Di sbindin (phonetic) introduced his concept for

bi opharmaceuticals in general to distinguish themfor new
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chemical entities and had a classified toxicity in terns
of areas of concern contam nants, biological toxicity,
toxicity related to pharmacodynamic effects in intrinsic
toxicity.

And again after listening to a couple of the
presentations of the |last couple of days | m ght put these
in different boxes so | won't focus that but it is the
idea of -- is that the contam nants we probably have a
good i dea about except when we start scaling up, this is
going to be a bigger issue.

Bi ol ogi cal toxicity, perhaps we have addressed
this in terms of reducing the unnodified henoglobins in
t hat respect, but whether or not we can distinguish now
bet ween a pharmacodynam c effects, exaggerated
phar macol ogy which are inextricably linked to the product,
and we can mitigate that through dosing, we can mtigate
t hat through inclusion/exclusion criteria, what the
subjects -- or these nodifications that we just heard
about. So -- but here is an --

But intrinsic toxicity is alittle bit difficult
because in principle intrinsic toxicity are never

predi cted by the aninmal studies, it is only in the clinic,
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and then we go back and that is iterative right there.

So again it maybe in different buckets but there
per haps we can | ook at the product class as a class where
the commonalities are related to its exaggerated, its
intended effect and then it is -- again it is intrinsic
toxicity.

So again to close, no drug is a 100 percent
safe. Animals are not a 100 percent predictors of the
human effect and neither are humans. More than one ani nal
nodel m ght be needed to assess safety but then it is
based upon the question, so a specific question in terns
of the animal nodel and -- but then they may not be
avai l abl e to assess all concerns, use of the animal nodels
encourage and mmc the clinical indication, definition of
t he use of standardi zed nodels and | will just highlight
t hese and perhaps this is what we will talk about in the
panel .

Devel opnent of new, do we need them Use of
positive controls or other conparators, and agreed
definition in terns of what is acceptable versus
unacceptable toxicity in an aninmal study that is

specifically designed to see toxicity. And with that |
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will end.

(Appl ause)

ALTERNATI VE FOCUSED CLI NI CAL DESI GN\S

MR. BIRO The last presentation in this series
is Dr. Jeffery Carson who is going to tal k about focused
clinical designs.

MR. CARSON: All right, anyone awake? | want to
t hank the organi zing conmttee for giving nme the pleasure
to be the | ast speaker after two full days. Thank you al

Ceorge, it is very kind of you to give ne that, that

pl easur e.

Well, it really is fun to be here and the
committee al so was very, very kind in saying well, you
know, these guys have spent a gazillion dollars, they got

all these really incredibly smart people so you give 20-
mnute talk and tell themhow to fix all this stuff up,
nmean | really appreciate that as well.

So in any case what | wll try to do in 20
mnutes -- and I will stay to 20 mnutes -- is briefly

touch on what | view as sort of the current know edge
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related to red cells. So that is two or three slides.

W w il then go to some design principles that |
think we should think about in planning clinical trials
here. | have three studies | am going to propose, none of
themwork conpletely, they are going to need nodification,
they are ideas to think about, they all have probl ens.

But that is the nature of how you design
clinical trials you start wth ideas and you refine them
and you refine, and refine them nmaybe none of them are any
good but at least it is some ideas that | thought about.

| amgoing to talk about trial perfornmance,
which | think it has been an issue in this field and then
try to summari ze for you

So | have the sane usual stuff that everyone
el se has, we have all worked for many of these conpanies
and it has been a pleasure to do so. So | want to begin
with some prelimnary thoughts and the first is | have not
done a trial like this and, you know, until you have done
them you don't really understand what it takes.

And | think |I have been at a big di sadvant age, |
think it also really easy to second guess what has been

done here and -- but these trials are incredibly hard, are
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incredibly hard, and | actually really admre what | have
seen done here.

The conmm tnent of the conpanies, the conm tnent
of the FDA to hel p the conpanies, the conmtnent of the
NIH to try to contribute to this whole process, to see if
we can nove the field forward, |I think all of them deserve
tremendous credit and each of your recognition of what it
has taken to get where we are.

So | think when you think about these drugs you
need to that about themin the context of allogeneic red
cells. What do we know about allogeneic red cells?
First, what are the indications for red cells? Second,
what are the adverse effects of these -- of blood? And
third finally, what is some issues related to bl ood
supply, which turns out to be quite relevant |I think in
the way that you think about this.

So there is one trial that has been published in
the world' s literature that is adequately powered | ooking
at the indications for blood transfusion, this is called
the trick trial. | amsure nost of you know this. This
was done in an intensive care unit, patients, about 800

patients were random zed to a 10 gramthreshold and a 7
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gramthreshold, so called liberal and restrictive.

Okay, and you can see here the 30-day nortality
was the primary outcome. Overall there was no significant
di fference between nortality, but you can see that -- that
in general the restrictive group if anything did slightly
better although not statistically significant.

What is interesting though if you | ook at M and
pul monary edema, in fact there were statistically
significant differences in the group that got |ess bl ood
t han who got nore bl ood, and al so ARDS was nargi nal ly
significant.

So the point here is that this is the only
publ i shed trial which begins to evaluate what we are
trying to quote unquote "substitute for," this is what we
know about the indications for red cell transfusion.

Now t here is another trial comng, this is a
study that | amthe study chairman that of that has been
funded by the NHLBI, it is called the focus trial or
transfusion trigger trial, and this is a trial in -- we
are trying to get 2,000 hip fracture patients with
evi dence for cardi ovascul ar di sease a risk factor.

Ri sk factors, we are random zing themto a 10
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gramthreshold or a synptomatic threshold or 8 grans. W
have a functional outcone as a prinmary outconme nyocardi al
infarction as our nobst inportant secondary outconme and

| ots of other outcomes as well.

This trial has enrolled al nost 1,600 patients,
where we shoul d have results in about a year, naybe 14
nonths. So this should also contribute to our
under st andi ng of indications for red cell transfusion.

Now, what about side effects of blood? Well
this group certainly knows this story this is a table that
the Harvey Klien put together for a paper that we wote in
the Lancet recently, and you know these risks. M point
of viewis that in general the risks of allogeneic blood
appear to be pretty |ow

So to briefly summari ze, we actually know very
little about the indications for red cell transfusion in
that control group that we m ght use in studies here. The
risks of blood, in ny point of view, are relative -- are
pretty | ow.

And what | didn’t touch on but | think is
reasonably consistent with the general opinion is that the

bl ood supply in general is adequate in npost situations.
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But these kinds of issues influence the way | think about
how you woul d study and eval uate these drugs.

So what kind of principles and baseline
assunptions should you consider in planning a trial?

Vll, there is two issues that cone up i medi ately and
that is what is the right control group and whet her you
are doing a superiority or a non-inferiority trial.

Well, the choice of a control group clearly
depends on the study population in the question that you
are looking at. |If you are conparing the drug to a
crystalloid then what you need to do is you need to
denonstrate that the drug is superior that you denonstrate
a statistically inproved outcone, if your conparison group
is saline or lactated ringers.

In conparison if you are conparing the use of
this drug to red cells then what you are trying to do is
trying to prove that it is as good or by sone definition
not inferior to red cells that, is the so-called non-
inferiority trial.

Now, there are many end points that are rel evant
in these trials, nortality obviously, is a big one

myocardi al infarction is one that | think has come up and
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clearly deserves to be in all these trials

There shoul d be systematic evaluations of this
outcone with central classification and systematic that
requires -- requiring of EKGs and troponi ns.

Heart failure, stroke, and other things that are
obvious that are on this slide should all be part of
potential outcomes in a trial of this sort. But ny point
of viewis that we should not be focusing on a reduction
in transfusion.

You know, as some of the early studies had we
are |l ooking at reducing red cell transfusion but the
differences were small -- a unit or two. And if you buy
that blood in general isn't particularly risky and that we
have enough of it for the nost part, then if you are going
to do a trial here and you want to | ook at bl ood reduction
then there needs to be a I ot of blood reduction. It can't
be alittle bit it needs to be a lot.

kay, now three -- choose what number you w sh
but it can't be a little bit. Now, what clinical settings
shoul d you be studying these drugs in? Well there are a
ot of clinical settings that have been described in the

| ast couple of days | amgoing to focus ny discussions on
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i ssues related to blood replacenent or in situations when
bl ood is not avail abl e.

So what are the potential populations that you
m ght include in such a trial? WIlI, | think they include
trauma patients, injured soldiers and patients who decline
bl ood transfusion. And | amgoing to touch on these
popul ations in the studies that | am going to propose for
you -- for discussion.

So let us begin with the first trial that |
t hi nk perhaps is the doable, perhaps not. This is a trial
in Jehovah Wtnesses where patients who decline blood for
what ever reason they choose to do so.

Now, this is a graph that cones from a paper
that comes froma paper Steve Gould published in the
Journal of Anmerican College of Surgery in 2002, in which
he conpared the experience with pol yHene here with a
hi storical cohort of Jehovah Wtnesses that | had
publ i shed a nunber of years ago and work that had been
funded by the NI H.

And what you can see here is that the
di fferences between these two groups begins to energe

around 6 grans per deciliter, and really becones rather
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| arge at the | ower henoglobin levels. So one option to
consider is to do a clinical trial where we take
consecutive patients with henogl obins | ess than 6 grans
per deciliter, which stratified by age and cardi ovascul ar
di sease.

W try to do a double blind trial maybe not
realistic but it would really be inportant if we could
blind these trials, and I will come back to why in a
nmonment. Perhaps you can find enough of these bl oodl ess
surgery centers that have been all over the country today
and perhaps other parts of the world as well, there are a
| ar ge nunber of these centers that potentially could
enrol | patients.

What woul d our outconmes be? Well you need a
conposite outcone to have the power to be able to answer
this question. But clearly it includes nortality, clearly
it must include nyocardial infarction, and there is a
whol e bunch of other things it mght include as well.

Now, these are -- this is a description of a
paper we published in transfusion in which we | ooked --
took patients from our Jehovah Wtness cohort who had

post - op henpgl obins | ess than 8 and this is just the | ower
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end of this group, but you can see the nunber of patients
that we had in each of these henogl obin groups and the
proportion of those who died at 30 days or had sone
significant nortality/norbidity event.

And what you see is below 6 grans nortality
wasn’t too bad but they sure were having a whole | ot of
ot her problens; 28.6 percent norbidity events. And bel ow
5 grans nortality really begins to take off.

Now, | know this is not a 100 percent nortality
as was proposed in earlier discussions today, but this is
sure is a darn high nortality and a whole | ot of
conplications. So we are |looking at a very high risk
group of potential subjects.

Now, if you go and do sone sanple size
calculations this is one that | kind of put together
nmyself so this hasn’t been checked by statisticians, so |
apol ogi ze to any of the statisticians in the audi ence, but
in any case if you have event rates around 40 percent you
can pick up about 50 percent difference in outcomes in
t hese patients with about 200 patients or so.

That becones a nunber that perhaps is

achievable. Well, is it or is it not? Can you really
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find 200 patients within a several -year time period who
have henogl obins |l ess than 6 grans per deciliter, who are
willing to sign consent and enroll in a trial? Maybe you
can, nmaybe you can't | don't know. You sure as hell there
woul d be a | ot of centers, okay, to be able to get these
patients and to be able to then inplenment a trial you
woul d have to devel op sone creative ways of sending
research teans around to help these centers do the study
wel |l so that we maintain adherence.

Is this ethical? | think that would be open for
a lot of discussions. Could you consent these patients?
| think the main issue in a trial like this is when the
control group gets into trouble, there is going to be
tremendous pressure to cross themover. Ckay.

And so could you design a study that said if the
pati ent devel ops a conplication quote unquote, "gets into
troubl e" they have the option to cross over if they are
i ndeed control group and that would be -- that would count
as one of the events. Maybe, maybe not | am sure.

O course if you |look at sonme of the studies
that were presented maybe you don't want to be crossed

over but the bottomline here is that it would be an
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opti on and maybe you coul d devel op an approach to this.
If this trial was blinded you woul d have a better chance
at being able to maintain adherence to the protocol.

Now | et us present another idea, perhaps just as
bad as the | ast one, but let us see. Short-termtrauma
trial. So we propose doing the clinical trial either in
civilians or mlitary, now, | will tell you I think the
mlitary is the ideal population to do this sort of study
if you could possibly do this and | know there is
tremendous difficulties to overcone related to ethica
i ssues. But never the less that is the popul ation those
are our kids they are in harms way who m ght be benefited
nost by such an agent |ike we have been tal ki ng about the
| ast few days.

You randomi ze these folks to either HBOC or
saline and you do a superiority trial, your control group
is saline therefore you have to prove that this stuff is
better than saline. Okay, you switch to allogeneic bl ood
when they get to the hospital and bl ood is avail able you
have a conposite outconme of nortality and norbidity.

And this should be short term because you are

studying fromthe tinme they get injured to the tine they
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have access to bl ood and then you can follow thema bit

| onger | ooking for events that nmay energe after the first
day or so | nean this of course would require a community
consent .

Now, there are lots of issues with a trial |ike
this, you know, and | think it is one of the things that
we saw in sonme of the work that is already been done here
is that our systemof trauma is really good, you know,
patients get to the hospital quick and that is wonderful,
but it is not good for a trial like this right? |If this
drug have a nuch greater chance of working if there is a
prol onged period of tinme between the tinme they are injured
and they have access to blood then there is a nmuch greater
opportunity that the drugs m ght help those patients.

So for exanple, if you study this in a typica
| arge urban community in the United States, Steve Goul d
was able to show that they could get patients on average
to the hospital around 25 m nutes or so right?

And if you were to do the sane thing in Iraq
John Holconb tells nme that they do about as well in
getting our injured soldiers to a hospital in a

battlefield quite remarkable. But he also told ne for
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exanple if you tried to do the same transport in
Af ghani st an because of the very difficult terrain it
actually takes often an hour to get our soldiers to a
hospital where blood is available that m ght be the group
totry to study, for exanple, because then these drugs
have a shot of actually hel ping those patients. \Wereas
if the tinme is too short you might not be able to do
anyt hi ng.

| ssues are do really want to delay to stick a
line in to get these patients up that is an issue that you
have to manage. You want a roll of patients who have a
chance to inmpact, so you don't want themtoo sick and you
don't want themtoo well, sort of obvious.

Short termfollow up, if you follow these people
for relatively short period of tinme it nakes the study a
little easier to do, the logistics are easier. But when
you are doing trials out in the field you don't have the
control that you would |like to have in a clinical trial
so that makes it harder.

Do sonme power cal cul ations here (inaudible)
depends on the event rates here. and | don't really

under stand what these event rates are but you can see if
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you got a 20 percent event rate here you are |ooking at
trying to get 2,400 patients, ny goodness is that a
difficult nunber to reach?

| f you have hi gher event rates then you need
quite a few less. But figuring out the power of figuring
the right population to make this work is critically
i mportant.

Now, those are two trials to think about in the
context of the principles that bl ood supply is adequate,
reducing a little bit of blood uses isn't the critical
thing. W are trying to establish that these drugs work.
W are trying to use it as a replacenent in situations
where bl ood is not working.

Now, what if the scenario of our blood supply
changed. This is a paper, a graph that was published from
t he New Engl and Journal just a nonth or two ago whi ch was
out of the Ceveland Cinic which conpared this as an
observational study conparing patients who got new bl ood
versus ol der bl ood, and what this showed is that the group
that got ol der bl ood died nore frequently than those who
got newer bl ood.

It is not random zed it has issues of course but
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what if this is true, what if this is true? If thisis

true, this would have a huge inpact on the bl ood supply

woul dn't it? Because if people said, "Well, hell | don't
want the old stuff, you know, send themto a nursing -- or
| will -- you know, I want the new stuff, okay."

And what is that going to do to our blood supply
that may torture you our FDA friends, yes that should
torture you guys pretty good. Anyway what if there is,
you know, God forbid an energency an epidem c you can make
t hose stories up, what about if the risk of blood rises
because renmenber we are talking risk benefit here, a new
pat hogen, there is a |ot of observational studies out
there that say blood kills people, blood | eads to
i nfection.

Now t hose studies | think are fatally flawed but
maybe if further studies made sure that they are correct
maybe bl ood doesn’t work as well so this would change the
risk benefit. | think the only thing that is particularly
likely that could happen nore likely than not here is
maybe this age of blood story is real. And this could
change the whol e dynam cs here.

So what woul d you do under those circunstances?
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Vell then it becones nore inportant to find sonething that
really substitutes for bl ood because you are going to have
a bl ood supply issues. So another idea for a trial is to
random ze patients in an intensive care unit to HBOC or

al I ogenei c bl ood and basically replicate the trick trial.

You random ze when the henoglobin is |less than 7
to all ogeneic blood or the HBOC and keep in mnd that in
the restrictive group in the trick trial those patients on
average got 2.6 units of blood, so you could possibly say
that on average in this popul ation of patients you follow
t hese people you only give thema drug or give them bl ood
up to sone tinme period 30 days naybe that is too |ong
practically 14 days naybe nore practical.

Primary outconme is once again a nortality and
norbidity outcome and there is |ots of other outcones.
This would be a non-inferiority trial, you are trying to
show that the drug is as good within a certain definition
as al | ogenei ¢ bl ood.

And so what are the problens with a trial |ike
this? There are problens at every single trial. Couldn't
get enough of the drug? You could be in situations where

you are m xing patients who get a small anobunt of the
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bl ood the HBOC, a noderate anmount, or a very large part.
Maybe those risk benefits differ depending on how much
t hey get.

Short half life of our current products could be
a problemin acconplishing such a trial, and if you unable
to blind the trial it is really going to be pressure to
cross people over. And it becones then nuch nore
difficult.

Now, when you do a non-inferiority designs what
you are trying to do is define a difference between your
standard and this drug and you cal cul ate (i naudible) what
is the difference you woul d accept?

Vel | what you see here is you get into a really
big nunbers really quickly. And that of course has
tremendous inpacts on the feasibility and the expense of
doi ng such a trial.

Al right the last concept that | want to
entertain on -- | amgoing to be about a mnute late so
CGeorge excuse ne -- is trial performance issues. So |
have |l eft the design issues lets talk about trial
performance. These trials are really, really hard --

really, really hard | -- when | think about what the
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Northfield folks were able to pull of in that trial is
unbel i evabl e.

| know how hard nmy -- the focus trial is and |
don't even think it is on the sane page as what the
Northfield folks were able to do. These trials are
really, really hard there is sone principles to think
about as you plan them and consi der options here, you
really would Iike to do them where you have control of the
patients.

So the problemwith being in the field is you
don't have themthis nmuch. It really would help if you
could figure out howto blind these trials at |east maybe
in the beginning if you are out in the field where you got
all these paranedics if they really didn’t know which one
they were giving they mght nuch nore likely to do adhere
to the protocol.

Can you figure that out | have been told that it
i s al nost inpossible, but maybe we coul d get beyond the
al nrost part. A critical issue here is trials nust be
pil oted, they have not been piloted enough, doing snal
nunbers of patients 25, 50 patients you really figure out

where your problens are.
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And you get in the head of who is doing the
studi es and understand where they the Achilles Heels are
and how you m ght have to change your design, and how you
have to change your nonitoring. You can't pilot trials
enough. You can't pilot them enough because adherence was
a problemin a few of the studies that were presented to
us in the last couple of days.

Adherence was a problem and it really
conprom se the interpretation of those results. | think
you have to do intention-to-treat analysis and that is
what you need to solve the adherence issue as best as you
possi bly can.

So to sumarize -- | amdone - these very
difficult trials to design and execute superiority trials
shoul d be done by comparing to crystalloid non-inferiority
trials when conparing to all ogeneic blood, you got to do
intention to treat analysis. The primary end point should
be clinical outcomes not reduction in blood use.

Have | said pilot trials yet? Pilot, pilot,
pilot themso you will inprove the adherence and the
performance. And it is possible that the clinical

| andscape maybe changing related to bl ood supply, and if
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so it is going to make these drugs even that nuch nore
inportant for the future.

Thank you very much

(Appl ause)

MR. BIRO Ladies and gentlenmen, | thank the
presenters for a very interesting afternoon and we w ||
have a coffee break now but if you will return by 3:45, 15
mnute if it is possible to reconvene. Thank you.

(Recess)

MR. BIRO Ladies and gentlenen in the interest
of having sufficient discussion tine and al so so that
peopl e can catch their flights could we reconvene pl ease?
Wul d you pl ease take your seats and if we can reconvene.
Thank you, whoever that was.

Ladi es and gentl enmen, we do have a nunber of
guestions for the panel which would create interesting
di scussion, but before we do that there is a slight
alteration in the program

Dr. Ezekiel Enmanuel is going to nake sone
comment s about the ethical issues. Dr. Gould Klien
(phonetic) yesterday has placed for us the ethics-based

regul atory framework. And Dr. Emmanuel is going to expand
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on the ethical framework, and | think he is uniquely
qualified to do so, especially at this session, this
nmeet i ng.

He conpleted a Ph. D at the Phil osophy
Department at Harvard Medical School, where the departnent
was domi nated by the -- probably two greatest phil osophers
of the second half of the 20th century. He is a
practicing oncologist. He is the Chairman of the
Bi oet hics Departnment at the NNH dinical Center and he has
a particular famliar relationship to henogl obin, because
he is related, I'mtold, to Max Perutz.

MR. EMANUEL: | thought that's why they invited
nme, because | probably had Max sleep on ny floor and
served himnore overripe bananas than anyone else in the
world other than his wfe.

But 1'mnot a 100 percent sure why |I'm here,
expect that they wanted sonmeone who knew not hi ng about the
field, who is willing to tolerate a ot of risk in
research, who is very bullish on research and who has a
| ot of experience of |looking at trials where there's a
high nortality rate because | do a | ot of oncol ogy as you

heard and |l ook at a | ot of oncology trials, but | really
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have no expertise in this area.

Let nme begin by just saying | have no financi al
interests of anything in this area, | have no non-
financial interests of anything in this area, although
do work now with a couple of drug conpanies. |'mtrying
to inprove informed consent related to research and to try
to study somnet hing about the European heal thcare system
wth -- learn sonething about that.

You heard |I'm a governnent enployee. | haven't
gi ven these slides to anyone in the hierarchy, so no one's
responsi ble for them

(Laught er)

MR. EMANUEL: | can see it's after lunch, people
are a little tired, okay.

(Laught er)

MR. EMANUEL: |If you have to use that disclaimer
every tinme, you have to nmake fun of it. So, a nunber of
years ago, we argued that for a clinical research trial to
be ethical, it had to fulfill eight criteria, and our
ei ght ethical principles, these are the principles, and
that you have to begin at the start and work your down.

You don't worry about informed consent until
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you' ve got the stuff at the top done. Now, sone of these
are in purple, sone of themare in yellow. Let nme say --
|"mnot going to conment about all of them because | don't
have a | ot of tine.

" mgoing to focus on social value, scientific
validity and risk-benefit ratio. But if you're really
going to evaluate the ethics of these trials, you have to
deal with all of them

Col | aborative partnership is particularly inportant
in these trials where you can't get individual informed
consent in the trauma setting, but I'mnot going to
mention that because | don't think it's unique to this
trial.

Let's tal k about social value. Social value
asks the question of why do we need these things. Wy do
we need sonmething else? Wiat is it going to add to
i nprovi ng human health? So there are probably |ots of
answers.

Here are sone of the answers from ny quick
perusal of the literature. Avoid the conplications of red
cell transfusions, the availability of oxygen carrying

capacity when there's urgent |ife-threatening bl ood | oss
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and no red bl ood cell supply -- save noney at no higher
ri sk | evel

And you can i nmagine that these things are needed
in the devel oped world and in the devel opi ng worl d, but
|"mnot going to be able to go into that in any detail.
We can, | think, safely ignore the devel oping world
because there's no way they' re going to be cheap enough,
at least in our lifetines.

| have a little problemw th those soci al
val ues. You saw a part of this slide in the previous
presentation, which I thought was informative, but red
cells are just very, very safe, probably the safest
intervention that the whol e healthcare system uses.

You know, sone of you may know about the siXx
sigmas in production, that if you can get the six signas,
you know, you're very, very safe. The airline industry
gets there, other -- your cell phone gets there and it
turns out that, as best as | can see, red cells are
probably the only thing we do in the healthcare system
t hat passes the six sigma rate.

The six sigma rate is 0.4 defects in a mllion

epi sodes. It's just really trenmendously safe. Just to
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gi ve you a conparison, here's hospital acquired
i nfections.

We had about 35 million hospitalizations in
2005, the last year -- the CDC. Five in every thousand
adm ssions had any type of infections. 0.5 in a thousand
adm ssions had bl oodstreaminfections and the CDC
estimates are 26,000 deaths from hospital acquired
infection. W have nowhere near that in red cel
transfusi on, just nowhere near.

So the whol e issue of do we need sonet hi ng

better than red cells is a big, big question, it seens to

me, that is not clearly, "yes.
Maybe HBOCs wi || prevent energi ng bl ood
infections like HHV. 1t's hard to quantify this risk and
therefore the value of having sonething sitting on the
shel f for maybe the possibility that it wll.
But the infection could affect HBOCs also if
they' re nade from human bl ood and it turns out that
what ever the infectious agent is difficult to sterilize or
could be just as problematic.

So this is not just straightforwardly obvious,

and HBOCs and ot her things nade fromcows and sw nes
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create ot her problens, which again are hard to quantify.

Bl ood sparing, in developing countries, as |
said, it's probably not realistic because they're not
going to be cheap enough to be used there, at least in our
lifetime. The availability of oxygen carrying capacity is
sonet hi ng we woul d need.

We could use it in excess demands when there's
di sasters, we don't have enough bl ood, or insufficient
supply, trauma in the field, prolonged transportation -- |
nmean, the question is how big a problemreally is this.

You heard in the presentation that even in Iraq
this isn't a sufficiently big enough problem So the
guestion is what is the social need?

Now, | apologize, | wasn't here yesterday, but |
actual ly haven't heard anything today, which | have been
here pretty conscientiously, that's changed ny m nd on
t hat .

So I"'mnot a 100 percent convinced that that has
to be a conpelling social value to HBOCs. Maybe there is
and | have mssed it, and that's perfectly fine.

As | started out, | don't know anythi ng about

the field and I'mw lling to be educated, but at |east
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reading what |1've read on the literature and |listening
through today, | didn't hear it overwhelmngly. It's
certainly not |ike we need another drug to cure |ung
cancer.

What about scientific validity, superiority
versus equi val ence or non-inferiority designs? You heard
in the last presentation that if you tested agai nst
colloid, you have to have superiority, if you tested
agai nst red cells you have to have non-inferiority.

| don't actually agree with that. [If you're
going to use it for blood sparing, given the safety of red
bl ood cell transfusions, | think the design requires it to
be a superiority design, if you have adequate supply and -
- you get it tested against red cells.

Now i f you don't have adequate supply and
somet hing bad i s happening to peopl e because there's not
adequate supply, for exanple, in the case of the sort of
young versus old blood and suddenly we don't have enough
bl ood, then maybe non-inferiority will be acceptabl e.

But in the current circunstance where we have an
adequate supply, | think you need to superiority design.

Equi val ence could only be justified it seens to ne if
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HBOCs are substantially cheaper than red cells.

G ven the anmount of investnents, my intuition
says they're never going to be substantially cheaper than
red cells. What about 2 carrying capacity?

In that situation, | think you have to have your
HBOCs superior to colloid in the field and when they --
you -- everyone gets the same treatnent in the hospital

Equi val ence again only could only be justified
if HBOCs are cheaper than colloid and I just can't imagine
t hat happening. | actually think here, and again, | could
be wong and I'mw lling to be persuaded because | admt
that 1'mconpletely ignorant, that | can't imagi ne why a
non-inferiority design would be acceptable in the current
ci rcunst ance.

" m al so skeptical, given what | know about
conducting large-scale clinical trials in cancer, that
there's a way to conduct the superiority trial which is
nost desirable, given what we know, and gi ven what you saw
in that |ast presentation, again a fabul ous presentation,
about the size you need for these trials.

Two t housand peopl e, 2,400 people, | don't even

thi nk that Jehovah's Wtness 216 is a reasonabl e estinate,

256



but 500, 700, 1,500 people, just way too big, | think.

Ri sk-benefit ratio: Well, if you're sitting on
an IRB looking at a trial like here, you have to be aware
that there's repeated failures of HBOCs, term nations of
trials previously and | would say that even the ones which
are clainmed to be successful are really failures.

And | went to look at the Northfield s PolyHene
trial to |l ook at the nost recent case that was rel eased
and you' ve seen these slides, right?

Pol yHeme had worst 30-day nortality, although
not statistically significant, certainly not better.
Adverse events were worse, serious adverse events were
al so different.

| f you |l ook at their breakdown, there's not one
category here, not one single category, in which PolyHene
is better than control. So |I can't even point to one
thing I would say well, it does better here, when the
conclusion of these slides is acceptable benefit-to-risk
profile. |'ma guy who | ooks at cancer trials all the
time. We nmake people vomt, we nake people |lose their
hair, we put people in the hospital for infections, we

destroy their hearts, we destroy their lungs, we sonetines
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kill themw th our chenotherapeutic drugs. | don't think
you can say this risk-benefit ratio is acceptable.

It's not better in any circunstance and blood is
very, very safe. So | don't see why you would even think
about saying it's better. So | don't think it's an --
oops, | don't think it's an acceptable ratio. It's no
survival benefit, adds adverse events, and speci al
myocardi al infarctions, and probably at a higher cost.

So where exactly is the benefit here? So, as |
said, acceptable trial of HBOCs nust fulfill these eight
criteria.

| have said, at least to me on a first pass,
sitting on an IRB, it's unclear that there's a conpelling
social value to HBOCs for either the devel oped or
devel opi ng countries, and | think you have to have a
superiority trial design and it's unclear that a
superiority trial design is feasible given the enornous
nunbers that woul d be necessary to conplete it, and |
think there's an unfavorable risk-benefit ratio here.

There's no benefit in ternms of increased
survival or reduced conplications and there are added

risks in the |latest results.
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So | don't see that when you conpare it to bl ood
that you really have a conpelling case here to go forward,
but again as | said, I"'mignorant and |I'm open to be
per suaded here.

Thank you.

(Appl ause)

MR BIRO Ckay, we'll start with Dr. dson. |
have so far two questions for Dr. A son. The first one

asks, please clarify what you neant by this generation of

products in the way -- is the way forward? This
generation -- ?

MR OLSON: Well, | can say that in a couple of
ways, that the -- this is personal -- the reconbi nant

technology that I work on is unlikely to be devel oped
unl ess the current products proceed forward, further
trials, for a variety of reasons.

We just heard, you know, a bunch of negative
comments now but you know, there's -- and |I'mnot a
physician, | don't treat patients, but if |I'm sonepl ace
W t hout access to blood and I'm bl eeding to death and t hey
can't save nme and | need oxygen carrying capacity, then

there's definitely a need for this, and what |'ve seen is
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that 1| would certainly take the material nyself.

You know, | can't judge all of this, but | can
say fromlooking at the day -- the things | look at as a
bi ochem st, the products that are out there now have
m nimal or small hypertensive effects.

They're actually, whether they were by design or
not, are larger nolecules that don't appear to get into
the endotheliumand | nean that's why | feel that you
know, sonmehow we need to keep -- proceed further with
t hese.

To devel op the reconbinant technology is 7 to 10
years. |'mnot convinced that Baxter dropped the
reconbi nant technol ogy because of safety concerns.

It's nost likely due to financial concerns and
anot her dilemma with reconbi nant technology, if | make a
new nol ecul e, then how do | proceed?

Do | have to go all the way back and do all the
trials and every tine | make a nutation, and which | can't
stop nyself from doing, because you want to make the idea
nol ecul e.

So these sinpler formulations are really the --

what we have to deal with over the next few years.
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MR BIRO | think that probably satisfies the
guestion about definition; and one about the yield of the
E. coli expression system-- what is the current yield?

MR OLSON: Well, | can tell you roughly what
the yield was and maybe Ti m Estep can help nme out here, of
roughly what -- it's really not so much yield but cost,
right?

So the cost has to be on the order of $10 a
gram |iposone -- |ipopolysaccharide-free. That's pretty
t ough.

Somat ogen and Baxter, | gather -- or at |east
that's what they told ne -- were on the order of 20 to $30
a gram and that was an optimstic view.

In terns of total soluble protein, it -- |
believe they were 20 percent was hollow protein with the
heme in it that could be purified, and there's al ways
about 10 percent that didn't have hene that was in a
precipitate.

And so that's roughly where we stand now. And
that's the idea of getting the henme in faster and nmaking
it nore stable.

| haven't had the |lot of courage to try to do
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the calculation in ny own | aboratory what it cost ne at

this moment in time, because | don't have the scal e of

capacity, but all | can say is that they were estimating
20 to $25 a gram at Somat ogen when -- or at Baxter when
they quit.

Now their rHo 2.0 was not just a tetraner. That
was also in sone fornulation that -- | don't know what it
is, because it's top-secret and wasn't published -- but ny
-- | guess, or Timcan speak to this, or maybe he's not
allowed to, it was polynerized and PEGyl ated in sonme way.

The basic nolecule is the one | showed you up
there that was tested and published with the distal pocket
mut ations, but that tetraner by itself was not studi ed.
They went further.

MR. BIRO A supplenmentary to this is a specific
guestion about whether you add extra iron to the systemto
i ncrease yield, and do you use conplex or mninal nedia?

MR OLSON: Well, we try everything. Mnim
medi um sonetinmes i s used when considering a glucose feed,
but what we're trying -- we do add iron sulfate if we need
to and supplenment with L-broth and things |ike that, but

what we'd really like to do is get that heme in ourselves,
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and that's why we're trying to use the hene transporter,
which is -- so then | don't need -- | need the iron really
to get the bacteria to grow up to |ike 25 ODs, or 20 ODs,
which is hard for us to do, but Somatogen was able to do
it easily and then we induce, and then | want to add hene,
and | want the henme transporter to -- | have to calculate
and guess, one henogl obi n, because excess hene causes
troubl e, because the bacteria always take the henme out, it
wi || make porphyrin -- porphyrin will get into your
product, it's photoactive and all sorts of problens.

And Somat ogen had actually figured out a way of
getting rid of the porphyrin by pasteurizing the sanple
and heating it. And that also helps to get rid of the
pr o- pol ysaccharide. That's probably nore than you want.

MR. BIRO Thank you. W' Il pass to sonebody
el se so that you get a rest and the next question is to
Dr. Schaer. The question is, what is the nechanismfor
hapt ogl obi n-bi nding and the | ack of hypertension, is it a
decrease in oxidation, decrease in extravasations, or NO
bi ndi ng?

MR. SCHAER. That's difficult question. Wat we

nmeasured was the NO binding kinetics. W did neasure the
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NO- bi nding kinetics and there is no difference between
free henogl obi n and henogl obi n and hapt ogl obi n.

We al so did neasure the autooxidation. That's
al so the sanme for henogl obin, and -- henogl obi n-
hapt ogl obi n.

One nechanismcan be related to the size of the
nol ecul e, which is about 150 kil odaltons, which would
prevent dissociation -- this diffusion of the protein out
of the endothelial layer. That's our current hypothesis.

MR BIRO To Dr. Carson, so you don't rest too
easy. The question is, for aclinical trial in traum
how woul d you manage patient consent?

MR. CARSON: You have to have community consent
to be able to do these trials, because you know, as was
really I think illustrated by our surgeons as well as Joe
Parrilo, you know, it's all about getting the intervention
in very early, and so you can't do consent.

It's not practical, it's not achievable. So it
has to be a community consent process, otherwi se you'll --
you don't have any chance of succeedi ng.

MR. EMANUEL: | agree with him and | don't

think that's a barrier here. That is not an ethical
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barrier here.

Communi ty consent is sonething that's
acceptable. 1It's acceptable in an energency situation
where people are facing serious |life-threatening probl ens
and you have a reasonable alternative.

So | don't viewthat as a serious barrier to
these kind of trials at all, and | conpletely agree.

MR. BIRO Then we'll go back to Dr. Carson
again, and the question nowis a little bit nore specific.
Wul d trauna devel oprment or devel opnent in the trauma
setting lead to a cormmercially viable indication? The
subtext is --

MR. CARSON: Was this answered by the business
peopl e of this community -- by the --

MR. BIRO The subtext is, it seens so difficult

MR. CARSON. By the Wall Street Journal ?

MR BIRO -- to find the patients.

MR. CARSON: Try the --

MR BIRO It seenms so difficult to find the
patients.

MR. CARSON: Yeah, I'mnot really the right
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person to answer this question. | nean, it seens to ne

that the standard in which this country seens to provide

trauma care is -- and even in Iraq, which is quite
remar kabl e, another tribute to our own forces -- is that
you can get people who are really critically ill to an

institution within 20-25 mnutes, 30 minutes or so and so
you know, will these drugs nmake a difference in such a
short period of tinme?

| don't know. | think, you know, if you were to
pl ot success by tine to hospital, ny guess is the |longer -
- you probability of success is going to go up the |onger
it takes to get to an institution where you can provide
care.

| f you have a really good drug and naybe it
woul d nake a difference in sonme people, but you know, 1'd
like to able to help with this question, but | don't
really know t he answer.

MR. BIRO Then we'll pass to Dr. Cavagnaro
The question is fairly long. Bueller (phonetic) and
Al ayash have published a recent paper claimng that rats
are ideal for toxicity studies, due to the ascorbate |eve

in plasma, and they suggest using -- excuse nme -- guinea
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pigs. Do you agree?

Do gui nea pigs have other features that are good
or bad vis-a-vis, mmcking human physi ol ogy?

M5. CAVAGNARO. They are difficult to bl eed
No, | think that again it's -- we |ooked for a species
that's rel evant and we assessed it in that context and |
think the data in that publication suggests that in fact
rats are not -- and why sonme of the toxicities may not
have been predi cted because the rats weren't appropriate.

And so when we find that appropriate species --
now of course, we can test and we can validate, but we
need the reagents to validate, and when we have a clinical
toxicity that provides us the reagent, actually, to
val i date our preclinical nodel

Those reagents need to be forthcom ng so then to
di stingui sh and you know, we've heard a | ot about al
HBOCs are not alike, which of course may be true, but
actually to support that, you'll need to test themto
ensure that you are different.

And | think when you have a sensitive nodel and
you have a reagent that has -- that again can be used to

technically validate it, because you've seen sonething in
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the clinic and | think that's quite useful and then you
use that as a conparative, so | think that -- again

gui nea pigs are not ideal for every thing, it's not a
standard tox (phonetic) nodel and as | said, again they're
difficult to bl eed.

But you know, short of that, | think if the
pharmacol ogy is there, then | think that it nmakes sense to
do that.

MR BIRC Well, here's one to challenge you.
How nuch woul d you estimate the cost of a full preclinical
devel opment for a new HBOC speci es?

M5. CAVAGNARO So you know, the toxicol ogy
testing again, is mainly for first in human trials, as
again we're into single-use conditions or technically a
si ngl e-dose, defining -- we may need a few species to
address -- species that has been defined as sensitive,
that we currently as sensitive, to address sone of the
potential toxicities.

So that maybe nonkey, that m ght be guinea pig
inthis regard. And then | don't know how nuch ani nal
nodel s of disease are, but -- so | would say that single-

dose in a species would probably would be about -- in a
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rodent species is close to 50,000 and in a non-human -- in
a non-rodent species and you're up into -- closer to a
100, 000, 200,000 if you do specific physiological
measurenents et cetera, so you can get up to that.

You know, | think one of the challenges -- and
then I woul d propose that for each of the indications that
then we use the animal nodel that nost closely mmcs the
di sease, so you're | ooking at general toxicities and then
you're |l ooking at the intended di sease as we' ve tal ked
about earlier and that those are very difficult to
conceptual i ze cost, because nmany of those, as you pointed
out, are done in academ c settings.

But if we |ooked at |ike that study as a phase
zero study, then perhaps it may cost half a mllion
dollars to enter the clinic.

MR BIRO If we can go back to Dr. Schaer,
there is a very specific question. Does the ability of
hapt ogl obin to blunt the henogl obin depend on
vasoconstriction, depend on the henogl obi n phenotype?

MR SCHAER: We didn't direct address this
guestion yet. The purified haptoglobin which we used for

t he gui nea pig studies was nostly phenotype 22 -- the dog
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has phenotype 11. So we have sone evidence that both
phenot ypes have sone protective activity. Wether there
is sone differences between, | cannot answer that.

MR. BIRGO Thank you. ©Dr. Intaglietta, there is
a bunch that I'mtrying to sort of synthesize, but it's
not easy.

The first question is quite specific. Wy was
t he pl asma henogl obi n higher in the experinments with
oxygl obin, when -- than with MP4?

The pl asnma henogl obin with oxygl obi n was hi gher
than in the experinments with MP4; why?

MR. | NTAGLI ETTA: The way that the experinents
were conducted is we took the material as it is fornul ated
by the producer, so -- which is probably how the nateri al
is intended to be used clinically.

So for instance, the PEG henoglobin is
formul ated at four-and-a-half percent, the Bi opure product
is formul ated at 13 percent, and the vesicles were
formul ated at 10 percent.

MR. BIRO Back to you again. There is a
guestion about the tissue PQ2 estimates. The questioner

is saying that some have criticized this measurenent and
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asks to disclose to the audi ence the disagreenent with the
met hods.

MR. | NTAGLI ETTA: Yeah, there is trenmendous
di sagreenent in the literature as to howto do that. CQur
position is that it is always good to nmake conpari sons and
in this particular case, the best nmessage to be drawn from
our result is that |ow P50 produces a higher tissue PQ2
t han hi gh P50.

Simlarly, this is further corroborated by the
fact that we nmeasure the oxygen being delivered to the
tissue. It is nore oxygen being delivered to the tissue,
with the low P50 nmaterial than with the high P50 material.

The -- what there's a question is the actual
val ues, particularly of the tissue PO2. W claimthat our
techni que uses very little oxygen fromthe tissue in
obtai ning the neasurenent and there is a significant
di sagreenent between different |aboratories as to what is
t he actual oxygen consunption of the nethod.

MR. BIRO  Thank you, and another one. The
question is really related to what is the significance of
the functional capillary density when you' re | ooking at

t he (i naudible.)
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If there's a decrease in functional capillary
density and there is constriction of the arterials or
smal | vessels, the question is does that really translate
into sonet hing nore tangible about tissue survivability or
sonet hing as concrete as reflecting the whole body and
resulting in death at (inaudible)?

MR. | NTAGLI ETTA: Yes, we have a substanti al
background on the experinents on henorrhagi ¢ shock,
treated and untreated, where we have denonstrated
repeatedly that animals -- experinental animals that are
able to sustain a threshold of functional capillary
density survive, while those that do not do succunb, and
this appears to the only visible -- an objective paraneter
that we can identify in the mcrocircul ation as being the
det erm nant of survival

The actual mechanistic reason behind this is
that you need functional capillary density to extract from
the tissue the products of nmetabolism as well as to
ensure that the little oxygen that there is, is evenly
distributed and that there are no hypoxic pockets, if we -
- whose probability increases as the functional capillary

density goes down.
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MR. BIRO Thank you. Now we're going to try
and generate a little controversy. There's a question for
Dr. Carson and | hope that others will chine in

The question is as follows. Do you think that
conducting a non-IND clinical trial in India to support
the US. INDwll nmake sense?

MR. CARSON: d ad such a straightforward
gquestion. Thank you so nuch, Ceorge.

MR BIRGO | didn't -- I'"mjust reading them

MR. CARSON: You know, |'ve actually thought a
fair anpunt about wanting to do trials el sewhere, and --
because you know, one of the big l[imtations of putting
together the focus trial that | briefly told you about
earlier today was that | had to work within the construct
of how clinical practice and how transfusion is, what
standard of care is, or what usual care is in the US

And you know, in that trial, | actually wanted
to look at the 7-gramthreshold |ike the trick trial, but
| couldn't get clinicians to agree to do that because they
weren't confortable with it.

And the point of that comrent is that | don't

under stand how bl ood is used in other parts of the world
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to be able to clearly give you answers to it, but there's
l[ittle doubt that the risk-benefit and the standard of
care is conpletely different than what cones -- goes on in
this country, in North America and probably Europe.

And therefore the way you woul d design the
trial, what your conparison groups would be, and what the
ethics of it would be, mght be conpletely different than
in this country.

And you know, if you go to an environnent where
the risks, you know, of H'V are really high, the blood's
not tested in the way that it's carefully done here, that
donors are not screened in the same way and things |ike
that, then the risk side beconmes a conpletely different
I ssue.

The cost issue becones conpletely different as
well and so all the paraneters are different. | think you
have to | ook at them conpletely drop your biases from
North Anerica and take the setting that your -- you want
to do a study to in that country and deci de whet her what
you can do and what you can't do.

Now, the question was if you find sonmething can

you bring it back here and well, you know, you have to ask

274



your FDA buddi es there about the legality of that.

You know, the -- you know, as a physician and
just asking the physiology of it, I nmean, | don't know
that -- why that it would necessarily be different, other
than there's -- you know, clinical care is conpletely
different in many of these societies so that you know, the
relative inportance of this particular intervention may be
very different in other parts of the world than it is
here. And so | think it would be very conplicated
actually. You have to understand it and how — where it's
done. There are hospitals in India that are very
sophi sticated, that are probably starting some of our
radi ol ogy studi es, and we have patients going there now.
And I"'mtold, |I haven't been to them but that they're
equivalent to a North Anerica institution.

So maybe if it's done there and the quality of
care is simlar and the technol ogies applied there is
simlar, but that the way the patients are cared for and
the relative style of care and how nuch bl ood is used and
everything else is different maybe it woul d be nore
suitable. So in that case, if really care is conparable

t hen maybe it woul d be reasonable to generalize to this
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country.

MR. FLEM NG There are really two key issues
here, and | think Dr. Carson has appropriately focused on
one of themand that is the generalisability with the
results in fact applied here. There's a second key issue
and I"'msitting next to an anesthetist's chair, but the
second key issue was what we would offer for a distributed
justice.

If you're going to do a trial in one population
for purposes of benefiting entirely a separate popul ati on,
that would violate the distributed justice principle. So
if we were studying a population in Indiait's certainly
appropriate for those results to be relevant to the U S
but is — if that study shows a favorable result, is there
a viable plan for the inplenentation of that intervention
in that population in India and we’ ve heard about whet her
that would in fact be cost-feasible.

So | would think this issue of distributed
justice also would have to be addressed if you're going to
go forward. Is it — is there a viable plan if the study
is positive to be able to inplenent this intervention in

t he popul ation in which you're studying it?
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MR. EMANUEL: That's a whol e anot her conference,
conme here for tonorrow or another two days. The short
answer is that there are at |east sone people in the
audi ence who say under circumnmstances woul d that be
acceptable. | amnot one of those people; | don't think
that's true. The question you' d have to ask is, if you do
atrial what are the overall benefits to that — in that
country and what are the — conpared to the risks — and
so you' d have to ask yourself what are the benefits that
are going to be accrued, one of which would be do they
have access to the agent.

But that's only one of which — one of the
guestions, and | don’t think that — even if they don’t
have access to the agent, that settles the matter.
think there would be a | onger discussion. | remain
skeptical about that at least in ny view, because this is
nore on the he generalisability side.

If you go to another country, where one of the
reasons you're doing the trial is because they don't have
the (audio break) the risks fromtheir blood are high and
you find out well, they do better with the HBOCs, |'m

absolutely not clear that that has any applicability to
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the United States where the scenario is conpletely
different. You know, it's nmuch different if you're
testing a straightforward bill for HV, and even there you
do have to have a different risk/benefit ratio and take
into consideration other things.

So | do think justice is a najor concern, but it
doesn't absolutely — even if they can afford it, | don't
think it absolutely rules or makes it unethical. | stil
remai n quite skeptical that that's the way to go.

And if you end up in India at one of these
hospitals that are just conparable to the United States,
you're back in the same box. How are you going to show
that it's really better if you know, they're doing the
sanme kind of care we have and they have the sane kind of
screening et cetera?

MR. BIRO  Anybody else would like to contribute
to this? There is a definite recent trend for big pharma
to nove clinical studies to China and India, but this is
big pharma and their conditions may be nore anenable to
studying drugs. Dr VI ahakes?

MR. VLAHAKES: | wouldn't necessarily give up on

t he Jehovah’s Wtness popul ation and just share with you a
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coupl e of insights in having managed a nunber of those
patients over the 22 years |I've been in the specialty, our
group along with our colleagues in cardiac anesthesia have
had a nunber of these people referred through their own
network. This is for those of you who ve not had the
opportunity to work with Jehovah’s Wtness patients. They
have a nedical |iaison network in every city inthe US
and the headquarters of the religion is the Wt chtower

Soci ety in Brooklyn. And we have had the senior nenbers
of that organization cone to our adm nistration and there
have been neetings about creating a referral relationshinp,
and the patients who are willing to travel.

And so you coul d conceivably design a surgica
trial and you could pick a handful of surgical specialties
where there is a reasonable |ikelihood of needing a
transfusion, and design it regionally at several major
centers in the U S., engage the Church and the nedi cal
| iaison people that are part of the Church and to reach
out into the comunity to bring those patients into the
system and then carefully design the clinical trial and
even potentially have a crossover option if it cones down

to life-threatening anem a which we're going to encounter
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in sone of those patients as you start to do |arger and
| ar ger surgeries.

So that's not necessarily an inpossible task,
and given the issues with doing a trauna trial, and the

variability and the clinical substrate and the vari abl es

you can’t control, give that some thought. | think you
could — particularly a vendor that’'s got — that has done
sonme clinical work | think could pull it off very well.

Second comment | would nake is if you do studies
overseas, nmake sure you have very good control over what
takes place. And if it neans having a CRO base there,
really have very tight control over the rate at which the
patients are enrolled and the quality of the dataset
that's generated, really audit it on an ongoi ng basis, and
make sure the protocols are adhered to and that's based on
havi ng been to India and China and a few other places in
South Anerica, seeing how nedical care is conducted. W
never see that problem hazard a couple of potenti al
i nterpretations.

MR. BIRO The — what you nention is clearly
the el ective surgery setting where people will choose the

center they will go to. And is there going to be a likely
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| ar ge enough popul ation that will get down to a critically
| ow hematocrit that will practically mandate i nprovenent
or resuscitation with an age bar?

MR. VLAHAKES: | would organize like trial 75 in
cardi ac surgery where you use clinician-specified
transfusion triggers, and the other arm woul d be, you
know, what el se you have available, you need in this
Jehovah’s Wtness, which is crystalloid or non-hene — a
non- hene derived col | oi d.

MR. CAVAGNARO | asked this question to Dr.
Shander who runs the Engl ewood program which is one of the
bi ggest prograns in the country, and he said, he went on
line, he said they had about 50 patients that would have
been our criteria, which actually surprised ne.

MR BIRO In a single center?

MR. CAVAGNARO In a single center, but | don't
think that's typical. He says there's a nunber of places
that really are kind of regionalized as well. But, |
t hi nk you know as — when | proposed that design, | think
that's one of the big questions, is could we really get
enough cases and how could we do it, because a |lot — as

you said patients who get acutely ill, they don't know —-
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they don’t go to the centers and a lot of times they're
going to be too sick to be transferred and so it woul d be
—- you know, whether you can actually generate enough
patients. And just having the patients there doesn't nean
they're going to consent and that they're going to be
suitable and for — you know, you don’'t — the fact there
are 50 patients doesn't mean you're going to have 50
patients into a trial. | can assure you that it's —
won't even be close to that.

MR BIRO Now, just to generate a little nore
spark, we were witness to a polarization of opinion this
norni ng. Woul d anyone care to conment further about the
desirability of very high risk of death, practically 100
percent? At the sanme tinme, the practicing surgeons wll
regal e us with anecdotal —- anecdotes and stories in which
there is a huge personal benefit. |In cases where bl ood
was not available, the issue of risk is not only
transfusion; the issue is also risk that blood for
transfusion is not avail able.

MR. CARSON: |'mof the view that the Wtness
popul ation if you use, there are really | ow bl ood counts

there. May be not quite a 100 percent but really they
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have lots and lots of conplications and their nortalities
are really, really high, that that's a nodel that would be
reasonabl e to study.

MR. BIRGC Dr. Emanuel ?

MR. VLAKAHES: | think the issue of the
popul ati on that has near 100 percent nortality the
argurment woul d be nost valid when blood is an alternative
and you do an EchoPlus (phonetic) analysis. But again,
Jehovah’s Wtness, it's not you' re going to either add
norbidity fromsurgically-created or nedically-created
anem a versus avoiding the norbidity of surgically-created
anem a.

Oh, is this on?

MR BIRO No, it isn't.

MR. VLAHAKES: | think the issue of only
offering this to patients where there's a near 100 percent
nortality mght be in a situation where you have bl ood as
an alternative. |If you did the risk/benefit analysis of
usi ng bl ood versus using a HBOC in the clinical trial as
was pointed out in the presentation here, that's a | ot
different. W're tal king about patients who don’'t have

that option, and you're tal king about either sonebody who
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will die fromanema or will have potentially a | ong and
unpl easant postoperative course because of profound anem a
fromtheir medical care.

So | think the thinking in that particular
patient population is different. The other issue that —-
and | don’t know if anybody at the federal |evel has
t hought about this, but has any thought been given to what
woul d happen if we faced a national crisis with a problem
in an urban center like a nuclear explosion, and will we
wi sh, down the line if that ever happens that we had sone
kind of alternative support, short-term oxygen transport
unl ess hel p was nustered fromother intact urban centers?
Has anybody at the federal |evel tal ked or planned that or
tested that scenario?

MR. EMANUEL: This goes back to the social value
of this entity and whether we really need it. So let's us
roll the Jehovah’s Wtness trial here for a second. So
the Jehovah’s Wtness trial is HBOC versus colloid in very
| ow henogl obin, right. That does not generalize to the
non Jehovah’s Wtness group because for us who aren't
Jehovah’s Wtness, the choice — that isn't the choice

we're confronted wth.
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So if you prove HBOC is better than colloid in
that circunstance you still haven't proven that HBOC is
better than blood which is what | would need at |ess than
si x, seven henoglobin. So I'mnot sure that trial
generalizes. Wat that trial does is it says for the
conpani es we can get |icense and then have doctors use it
nore wi dely than what's actually been shown beneficial.
That's not a good way to go in my hunble opinion. That's
a ruse to get approval and have w der use off-label. So |
amvery skeptical that that's actually a trial we ought to
enbark on. It mght show us that these are better at |ow
henogl obi n t han col | oi d.

So the real trial that we have to be concerned
about is the trial for oxygen-carrying capacity. Now, |
agree with you, if we have a disaster we may need this.
The question is can we do a trial to showthat if all we
have are these two choi ces, HBOC versus colloid, because
we don’t have any bl ood, can we get that trial up and
runni ng?

Now, if we're having a lot of difficulty
t hi nki ng about that trial, now, it suggests to ne going

back to the question that was asked of Dr. Carson before,
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maybe there's not such a need. Now, |'mvery skeptical
and you know, | know that this is not what's necessarily
want ed by everyone in the audi ence, but you have to ask
that question, if you' re having difficulty figuring out
how to enroll 2,500 people because we m ght not have that
many in 2 years, you know.

MR. BIRO There's anot her possible scenario
ot her than a nuclear disaster. |In Denver, a pandemc
i nfluenza woul d debilitate a very large portion of the
popul ation; bl ood collection would clearly suffer
di ffusely across the continent. Wuld that be a different
scenari 0?

MR. EMANUEL: Look all of those disaster
scenari os where we don’'t have a sufficient blood supply
are very inportant and we do need to think about them
The question for us at this point is how do we design a
trial that would give us sonething to use in that
circunstance, right? W can all think about disaster
scenari os where we don’'t have a sufficient blood supply
and Dr. Carson’s given us another one, old blood is no
| onger useful and we’'re not going to permt its

transfusion. But the question for us is can we design a
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trial before that scenario hits where we can actually test
whet her the —- having the HBOCs on hand is sufficient.

MR. BIRO That was — sorry, that was the easy
guestion. The answer is difficult. Dr. VIahakes?

MR. VLAHAKES: | think the issue that, you know,
you design the trial in Jehovah’s Wtnesses and get
approved, and can you really use it there for another
settings, that's the way of life in the pharmaceuti cal
industry and in clinical practice.

So for exanple if you look at what's required in
the way of pharmacol ogy and anest hesia and postoperative
care, to take an infant through a heart operation, none of
that stuff’s ever been tested and approved in a pediatric
system It's a way of life. |If you have an HBOC that has
been through the regulatory process and the carefully
controlled clinical trial, patient screened for coronary
di sease and all that stuff in the Jehovah’s Wtness
popul ation, and it's out there and it's market-approved,
and you have a practitioner who wants to use it in traum
patients, well, they're going to do it. | nmean — and
you're probably better off having it used in that setting

in young trauma patients, an agent that has been through a
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carefully-controlled clinical trial rather than one where
you had all the consent issues and the nature of the
patient popul ation that you have to deal with in trauna.

So that extension of indications is, it's an old
story in the field and I don’t think it's — | don’t think
you can be that rnmuch of a purist based on the long history
we have of doing it in other areas and with other agents.

MR CARSON: | think it would be good to show
that the stuff works. We did drill into basic stuff. |
mean woul dn't everyone feel a whole |lot nore confortable
if we could show that it works? And in a clinical setting
that — with clinical endpoints — and maybe it's not the
final road to approval but it sure would hel p the whole
process to know that it works.

MR. EMANUEL: That it works in a situation that
is not the normal situation in which we're going to be
confronted, right. That it works in a situation where
you' re conparing HBOC agai nst colloid, not HBOC agai nst
bl ood, and it seenms to ne — where blood is avail abl e.

MR, CARSON:. So you've just described the second
study, okay, but the first study is to have a control

group that's not getting anything, and if you can’t show
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it works there then you wouldn't go and do anot her study.
So it's a proof of concept, and it would benefit that
smal | group of people and there are nore and nore peopl e,
you know, who are not froma religious point of view, but
have ot her reasons why they would prefer not to have

bl ood.

So | think, to know that we — you know, we
haven't — you know, there's no trial on red cells that
shows that it works, okay, our control group, there’'s no
trial in red cells against the placebo that shows that it
works, and there’s no trial with these drugs that shows
that it inproves outcone.

| think you know, | don’t know what the
regul atory part of this thing is, but it sure would
contribute to the field to know that, you know, they
actually do what we want themto do and they m ght save
sone lives. That — | think that has val ue and whet her or
not it gets to the point whether it's widely used or not
and approved, that's not — | think that's a sinple
guesti on.

MR BIRO Any further coment? |If not —-

MR. EMANUEL: | nmean | agree with you, it's a
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concept and fromthat standpoint it would be val uabl e, but
it wuld only be coomercial — it would only interest the
commercial conpanies in this roomif there was a

wi despread off-1|abel use. There is no narket and no one

would sink a dine into it if the narket were Jehovah's

W t nesses.

MR BIRGO Dr. Wl ahakes?

MR. VLAHAKES: Just to sort of stay on, with
respect to doing a trial like this with what's been

presented the | ast couple of days and the concerns, |

t hi nk you probably have to nmeaningfully screen patients
for coronary disease, and there are all kinds of ways to
do it. Again, look at the cardiac surgery trial, |ook at
the vascul ar surgery trial that was done and, you know,
really drill down into those studies that did and didn’'t
see nyocardi al infarction.

And you have all kinds of ways of doing this,
but you will have to pick an age threshold for nmen and an
age threshold for wonen, a famly history threshold,
anal yze the risk factors, and if needed, you could inage
people if you had to, with high-resolution gated-CT or put

peopl e through stress tests, and | think if you were going
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to do —- with the current generation of materials and the
concerns that have been raised, if you want to do a
clinical trial like that | would include detailed
screening for coronary di sease and probably at sone point
perhaps piloting in phase 2, take a | ook at pl atel et
activation, just in terns of some really concrete things
you might want to think about if you were to going to
design that kind of trial

MR, BIRO Ckay. Unfortunately the tinme is
passi hg and people are beginning to | eave for their
flights. If we can termnate this discussion and just
give a fewmnutes to Dr. Flem ng, and then we'll cl ose
the session with the thanks of the audi ence and the panel
menbers.

MR. FLEM NG Thanks, Dr. Biro. | was asked to
— in lieu of a formal presentation take sonme tine to talk
t hrough the fact that we now have these safety overviews
by Dr. Silverman and Dr. Natanson, and take sone tine to
tal k through what are the pros and cons of these neta-
anal yses and when are they interpretable, are they
i nterpretable.

Sol'dlike to do that and spend a little bit of
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time also tal king about issues regardi ng nechani sm of
action which are so inportant to understandi ng when you
can pool across various agents and then lead into sone

cl osing coments on benefit to risk, in fact getting right
at your question about, at |east ny own views about what
is the way forward for where we can test.

So what are the pros and cons of neta-anal yses,
and obviously, the particular "pro" is to be able to
address benefit-to-risk in an adequately sized cohort of
patients.

VWhat's "adequately sized"? And | think Dr.
Carson has nicely |aid out what those challenges are. |If
you're tal king about detecting or having an event rate or
ruling out or doubling an event rate, it takes 88 events.
If you' re tal king about even just a 50 percent increase in
event rate, it takes 250 events; if you' re talking about
ruling out a one-third increase, it takes 500 events.

And so if you're tal king about a popul ation
where events are death, everybody dies that's how nany
peopl e you need. But if only 10 percent have those events
then you don’t need 100 to 500 events, you need 1,000 to

5,000 people. And so that's the nature of what's
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notivating neta-anal yses, is to give us enough evidence to
be able to — to be reliable. The concern is, are we
pool i ng appl es and oranges and there's a | ot of discussion
about that in the context of the meta-anal yses that we’ve
seen. Are we pulling apples and oranges in terns of
different agents, different doses and schedul es, different
clinical indications, different endpoints? Even if
survival is used to cross to all studies is it different
durations of survival, different durations of follow up
and as we heard today, even if it's M what was the
definition of the M as your adjudication?

So all of these things nake it difficult to
i nterpret when you' re not pooling apples and apples. And
one of the nost inportant aspects of this are the agents.
Do they have conmon nechanisn? Well the conplication with
this is we can get sone sense based on the conmonal ity of
the i ntended nmechanism but all agents have intended and
uni nt ended nechani sns and uni nt ended nechani sns are often
unr ecogni zed.

So what I'd like to do — | think we can often
| earn fromother settings, so that we're not recreating

wheels. There's a lot of insight and there's been
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di scussi on about other settings to guide our way forward
inthis setting. So |I'd just like to quickly touch on
settings of three mmjor neta-anal yses done in other

di seases. The first is in COX-2, it's the COX-2

i nhi bitors which have been a nulti-billion market in this
country for pain relief and inprovenent in reduction of G
ul ceration relative to non-sel ective NSAIDs.

But a neta-anal yses of 50,000 people that had
500 patients having cardi ovascul ar (i naudi ble) stroke and
M showed a relative 50 percent increase. But how do you
interpret this? It was heterogeneous. There were
rheumatoi d-arthritis patients, osteoarthritis patients,

Al zheiner’s patients; the agents were different, Vioxx,
Bextra, Celebrex, but with 50,000 patients it was in fact
possi bl e to make sone di scernnent and Vi oxx and Bextra
were taken of f the market.

Cel ecoxib was left on the market, because the
signal was less clear there. But for celecoxib to go it
al one, they’ve now had to nmount a 20, 000-person mnultiyear
trial to target 500 events, 500 cardiovascul ar strokes and
Ms, to rule out there's a one-third increase. And that's

t he burden when you're going it alone, is we can’'t pool
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the data across to all of the class; then celecoxib

di stanced thensel ves from Vi oxx and Vi oxx and Bextra
stayed on the market but then have to do a 20, 000-person
trial to rule out that they in fact al so have an
unaccept abl e i ncrease.

I n anti hypertensi ves we have | ong approved these
agents based on bl ood pressure lowering but with a | ot of
uncertainty about what the clinical benefit is, and on the
Car di o- Renal Advisory Comm ttee several years ago, FDA
presented its data from 500, 000 patients from randoni zed
trials.

And with that many patients we were able to | ook
at the overall true benefit-to-risk for many different
cl asses, for |ow dose diuretics, Beta blockers, ACE
i nhi bitors, cal ciumchannel bl ockers, ARBs, relative to
many di fferent endpoints, and the answer is different for
di fferent endpoints.

Yes, in fact with all these data we data we did
conclude that reductions in blood pressure were reliably
telling us about effects on stroke, but it was much | ess
reliable for overall nortality and very unreliable for

heart failure hospitalization. And the third exanple is
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the one that | referred to yesterday which is
erythropoi etin-stinulating agents, so ESAs. And there was
just — and they, as you know they’ ve been very frequently
used in renal disease and in cheno-induced anem a. And
there was just a nmjor neta-analysis done in this past
year in the ClIA (phonetic) setting, using dozens of
trials, 6,000 patients showi nhg now evidence of a 5 to 20
percent relative increase in nortality, 67 percent
rel ative increase in venous thronbotic events. Yet in
t hose settings the conclusions weren't specific to whether
it was Aranasp, Epogen, Procrit, the data weren't
sufficiently rich even with 5 000 people to nmake that
di scer nment .

So if you really want to get to the point where
we can do neta-anal yses that allow us to understand
whet her the results apply uniformy across stages it takes
| arge nunbers of patients. If we try to group these
agents by nechanism — we’ve heard a | ot of you about how
difficult it is to know whether or not the agent has the
key nmechani sns that we expect. And just to return again
to Epogen —-

MR BIRO I'msorry, but if you could wind up
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in the next m nute.

MR. FLEM NG | need another five nore m nutes.
| think I was asked to take — instead of a presentation
to take 10 to 15 mnutes just to present this. So |I'm —-
maybe about four to five nore m nutes?

So in understandi ng mechani smw th Epogen and
end stage renal disease, the issue here was it was known
that the lower the hematocrit the higher the death rate
and so the intention was to do a trial of 1,300 people
random zi ng standard Epogen to hi gh-dose Epogen. And when
that trial was — when that trial was conplete, it was
shown that in both the standard and the hi gh-dose Epogen
arms, the lower the hematocrit the higher the death rate.
And standard did normalize hematocrit.

But the study was targeting a one-quarter
reduction in death rate. And so when we had hal f way
t hrough, there were 160 deaths, in the standard arm you
woul d have expected 40 | ess, 120 in the high-dose arm
There were actually 40 nore, and the bottomline wasn’'t
that | owering hematocrit wasn’t a good thing, but in so
doi ng vascul ar access thronbosis was occurring, there were

uni nt ended negative effects and this was only apparent by
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| ooking at the totality of the data.

And so in essence what does this tell us about
the interpretation of the neta-analyses that we’ve seen
here regarding the HBOCs? Do we pool, do we not pool?
Well, the first point is the know edge of the HBOC
mechani snms is still enmerging and this makes it very
difficult to know edgeably group these into what woul d be
subsets. Secondly we have very limted data avail abl e and
hence it nakes pooling much nore in essence unavoi dabl e.
And finally as nany have noted, there is in fact apparent
heterogeneity of M effects here that we're seeing as well
as other effects.

So it is difficult to not — in |ooking at these
data to not accept that the signal in fact applies to al
the agents that we have. So what's the way forward, in
conclusion? Wat's the way forward if there is such a
signal? And it all conmes down to benefit-to-risk

And an exanple was given this norning in the
cancer setting, saying even though cancer agents induce
nmyel in suppression we still use them And | would argue
that's really not a particularly good exanpl e, because

nmyel in suppression is |argely manageable in clinical care.
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It doesn't induce irreversible norbidity and nortality. A
better exanple would be that the Cl SAMAP (phonetic) which
is a widely used agent now used in lung cancer and in
squarous cell lung cancer, it induces two disks for 100
peopl e treated.

But the overall clinical trials have shown the
net effect on survival is positive. And so it shows in
particular that it's advantageous to be able to do trials
that are incorporating the negative effects and the
positive effects, where the endpoints are then | ooking at
what the overall net effect is. Nowin — S0 in essence,
the agent is used in spite of this negative effect.

What about returning then to ESAs and Cl A? Wl

the actions that have been taken on these erythropoietin

stinmulating agent is that — by the Oncol ogy Drugs
Advi sory Conmittee last nonth or two — is that in | ow
risk patients these are no longer in the label. So if

you're in the adjuvant setting, this has been renoved from
t he | abel because reduction in the RBCs is not viewed to
be an adequate benefit in the context of people who have a
| ong prognosis whereas in the advance di sease setting,

they're still on the market, but the sponsors have been
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required to do a 5,000-advent trial to rule out that there
woul d be an unacceptable increase in that setting.

So relevance to us in terns of benefit-to-risk?
My own sense about this is the argunents that have been
given to nove forward in a high-risk popul ation, nakes
sense, To nove forward with — to pursue conpassionate
use and to pursue clinical trials where there is a high-
nortality risk, discussions have been acute bl ood | oss,
severe henme shock, high nortality et cetera.

Settings where there is not an RBC option
avai |l abl e, where the conparison woul d be agai nst
crystalloid, in that setting even though there is the risk
the potential benefit would be sufficiently substanti al
that the plausibility of febrile benefit-to-risk could be
real. And then the — and then as has been stated the
endpoints in that trial should be in an endpoint such as
death and M, because you woul d then be able to show
whet her or not the overall net benefit-to-risk is
positive. By the way, last comment, | agree very much
with Dr. Carson’s argunents for phase 2 studies as in our
i nternedi ate steps.

MR. BIRO Thank you. |I'mafraid we do have to
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wind up. | would just like to express the organizers’
thanks to the audience, to the panelists, for two
extrenely interesting days and Dr. Jay Epstein, the

di rector of Blood Products Division of CBER, is going to

say a few words

CLOSI NG REMARKS

MR. EPSTEIN. Thank you, Dr. Biro. First, let
nmet just say that on behalf of the FDA we thank our
cosponsors fromNIH and the Departnent for their support
of this workshop. 1'd |ike especially to thank our
noder at ors and our speakers and our panelists who provided
us with a very edifying neeting.

Though we | eave with nmany unanswered questi ons,
and really a very wide range of opinions on critical
issues, | think we can all agree that these |ast two days
have been very highly informative in multiple areas
i ncl udi ng vascul ar bi ol ogy, the physiol ogy of HBOCs, the
potential underlying nmechanismof the toxicity of HBCOCs
and insights into the experience in pre-clinical and

clinical trials with a variety of HBOCs.
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| think that Dr. Emanuel has chall enged us to
reconsi der the social val ue. Perhaps up to the tine of
this |l ast panel there's been a broad agreenent that there
are inportant unnet medi cal needs and that advancing the
sci ence and devel opnent of HBOCs and newer strategies
remai ns inportant, and | think we each have to refl ect
upon that point.

| can assure everyone that FDA wll reflect very
carefully on what we have heard, both with respect to the
science and the ethics, either of continuing HBOC trials
with the current products, and inportantly the prospects
for novel products and novel approaches.

So in closing, | just want to first give a
speci al thanks to the organizing commttee, whose nenbers
met quite often over the last 6 nonths and nost especially
to Dr. Jonathan CGoldsmith who invested countless hours to
ensure a highly successful neeting.

Again, | want to thank Jennifer Sharp (phonetic)
and Rhonda Dawson (phonetic) for their outstanding
| ogi stical support of this neeting and | just want to
remnd the attendees that transcripts will be available in

about 3 to 4 weeks. You each had in your neeting packet a
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flyer that gives you the website and/ or phone nunber where
you can call in to request or identify the transcript, and
|astly to request that you submt evaluations. Please
just drop off your forns at the registration desk.

So again it's been a great pleasure to host this
nmeeting and we, | hope, all |eave better informed, and |
| ook forward to further discussions of ways forward for
HBOCs. Thank you very nuch, everyone.

(Appl ause)
(Wher eupon, the PROCEEDI NGS wer e adj ourned.)

* * * * *
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