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and red blood cells, and for ease of conmmunication, in
yell ow the group difference. | will focus just on the
group difference.

[Slide] | think this slide is probably the nost
important, despite its sinplicity, of anything that is
bei ng presented. Wat it really says -- the overall AEs
are pretty much nainly non-serious. W really believe that
with a nortality of al nobst 60 percent, they don't have an
enor mous bearing on benefit-risk, as long as they are
mtigated. The overall SAEs are another matter. |In that
trial, there was basically a 7 to 8 percent difference.
What | believe this commttee is ultimtely deciding --
al though there are nultiple conplexities to it, but if you
sinplify for a minute -- is, is the overwhel m ng
preclinical database reasonable in terns of its prediction
of benefit? There are a |ot of other aspects, but does it
so overwhel mi ngly predict benefit that it is worth having a
potential worst-case scenario, if everything was exactly
the sane as 115, where there was no real potential for
benefit, of a 7 to 8 percent excess of SAES?

Now to | ook at these nore specifically.

[Slide] In terns of cardiac AEs -- and it’s very
important to remenber that these are not necessarily
additive. A patient that had a cardiac AE may have had a

stroke AE. Therefore, the real nunber that is inportant is
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probably the overall SAEs.

Nevert hel ess, cardiac SAEs were statistically
nore significant. O vital inportance is that M AEs were
about the same -- 4 out of 350 versus 2 out of 338, not
significant. What is apparent is that troponin el evations,
nevert hel ess, were higher, and statistically so. | wll
cone back to that |ater on

A second issue is that heart failure and fluid
overload was also nore frequent. | wll cone back to that
| ater on al so.

[Slide] Cerebral ischemc AEs were also nore
common. I n stroke, there was a 1.7 percent group
di fference, which was significant. Al cerebral ischemc
AEs, which includes stroke, TIA and RI NDs, were al so
statistically significant. But it is worth remenbering
that the group difference is still relatively small.

[ SIide] HBOC-201 does have mild to noderate

vasoactivity, as seen in the preclinical studies, and

t heref ore hypertension AEsS -- not necessarily serious
ones -- were statistically nore significant, but
hypertensi on SAEs were not -- 2 out of 350 versus 0 out of
338.

[Slide] O nost inportance is that nortality was
statistically the same. Even any apparent trend was a

group difference of 1 percent.
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[Slide] In concluding our analysis of this ITT
overal |l population data -- in a manuscript that we have
been wor ki ng on for who knows how many years -- this is
what we have sunmarized: In a relatively ol der popul ation
under goi ng orthopedi c surgery, overall clinical outcone is
better with red bl ood cells than HBOC- 201, but, remarkably,
mnimally so, and where safe and expeditious transfusions
are available -- i.e., in-hospital setting in devel oped
countries. Thus, HBOC-201 is likely to have significant
clinical utility where safe and rapidly avail abl e
transfusi ons do not exist -- for exanple, prehospital,
mlitary, disaster stockpiling, and underdevel oped-country
settings.

[Slide] Wth that overview of the ITT -- in a
sense, the worst-case scenario -- | would Iike to | ook at
t he younger subpopul ations. The reason we | ooked at those
is threefold:

e One, trauma patients are younger, so it nakes
sense.

e Two, it was apparent to us on review ng the
safety data -- and it’s apparent to anybody -- that the
group differences are sinply less in younger patients, and
one wonders if the safety is better in younger patients.

e Thirdly -- and this was a critique that FDA has

stated that | think is very valid -- let’s face it, the
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ani mal studies are not in old pigs with cardiovascul ar
di sease. They predict what woul d happen in younger
patients.

[Slide] W stratified the age as follows: over
70, the ITT popul ation, and |l ess than 70 and | ess than 50.
W need to acknow edge that when one decreases the N by
stratifying like this, obviously the sensitivity to detect
adverse events dimnishes. But | should note that even the
smal | er subgroups are reasonable Ns that are conmensurate
wi th, and sonetimes even |larger than, typical Phase 2
trials, based on which FDA frequently makes regul atory
deci si ons.

[Slide] This mght be the second-nost inportant
slide in this presentation. It sunmarizes the key adverse
events that | nentioned earlier. These are group
differences. Red is over 70, yellowis the all-
enconpassing | TT, dark green is less than 70, and |i ght
green is less than 50. Fromthe back of the room it
becones apparent that pretty nuch every key clinical -
adverse-event signal either goes away or becones m ninal.

To | ook at these nore specifically, individually,
t he next series of slides will also |ook the same. In red
is HBCC, in blue is the control fluid, and in white is the
group difference. | amgoing to focus on the white error

bars, again to nmake it easy.
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[Slide] In terns of overall SAE risk, which we
said earlier was a 7 to 8 percent difference, you can see
that the pattern di m nishes with dimnishing age.

[Slide] Cardiac SAE risk: The same thing.

[Slide] M AE risk: You can see there was
barely a change in overall population. |It’s certainly
concerning in older people. | think there is a question
about that. But it goes away in the younger people.

[Slide] Heart failure and fluid overload: The
same pattern.

[Slide] Cerebral ischemc AEs: Stroke, on the
top, goes away. TIA, the conbined ischemc -- in fact, the
trend reverses, so that it’s starting to | ook better. O
vital inmportance also is that the nean age of all cerebra
ischemic AEs in those patients who got HBOC was about 76
years ol d.

[Slide] Cardiac arrest was not statistically
different, but whatever trends there were went away.

Again, the insignificant nortality trend -- whatever there
was went away.

[Slide] So in that sane paper, these were our
concl usions after | ooking at subgroups: Qur finding of an
i mproved relative safety profile in subpopul ati ons of
subj ects nore closely resenbling younger subjects who would

be enrolled in acute trauma trials predicts that the
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relative safety of HBOC-201 will be inproved in such
trials.

[Slide] W believe that these data, as required
by 21 CFR 50.24, show that risks are reasonable in relation
to what is known about the nedical condition -- i.e., in
the RESUS trial .

[Slide] | would Iike to pause for a second and
switch fromall of that background to the specific
assunptions that we used to estimate benefit-risk in RESUS,
just to rem nd the audi ence what the five requirenents are
in the applicable regul ation:

e Human subjects nmust be facing a life-

t hreat eni ng situation.

e The avail abl e treatnent nust be unsatisfactory.

e The research nmust hold out the prospect of
direct benefit. | think outlining and reiterating the word
“prospect” is very inportant.

* Preclinical studies support potential to
provi de benefit -- the sane idea, “potential” to provide
benefit.

e Finally -- and | think this is npost inportant
to RESUS -- the risks associated with the intervention are
reasonable in relation to what is known about the mnedical
condi tion.

[ Slide] Assunption nunber one is that predicted
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nortality is 58.1 percent in the RESUS target popul ation
receiving standard care. This is based on two redundant
and, we believe, confirmatory resources. First, nost
relevant to RESUS is the conbined University of Al abama-
Uni versity of Maryland database. This is a prehospital
trauma registry using specific inclusion criteria, as is
the case in RESUS. This is akin to doing a Phase 2 trial
and then collecting the trauma-registry data and then
maki ng predictions. [It’s not huge, but it is 500 patients,
despite those very tight inclusion criteria.

The nortality is 58.1 percent, with a reasonable
95 percent confidence interval. Wen you | ook at the
| arger National Trauna Data Bank, which is considered the
sine qua non and the standard in terns of queries of trauma
registries, one gets a larger NN Again, it’s only in the
database. It actually has tens of thousands, but when one
| ooks at the specific inclusion criteria, you get al nost
5,000 and a simlar nortality and a sinmlar confidence
interval. One has to acknow edge that it’s an in-hospital
dat abase. But what ever confounding seenms to not be
significant, in light of the higher nunbers.

W believe that these data show that subjects are
facing a life-threatening situation and avail abl e
treatnents are unsatisfactory.

| will come back to the heterogeneity issue |ater
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on.
[Slide] Nunbers 2 and 3 assunptions: The
preclinical henorrhagi c shock studies with HBOC- 201 show
i mproved out cone and predict potential for benefit,
i ncl udi ng decreased nortality in RESUS patients. Dr. Stern
went through this in detail, but | amjust going to
highlight that there is potential for significant survival
benefit based on those studies, and there have been
consi stent physiologic benefits in multiple studies.
[Slide] Fourth, as efficacy data from both
preclinical and in vitro studies and clinical trials show
t hat HBOC- 201 effectively transports oxygen, it can be
predicted that simlar effects would happen in RESUS.
There are a nunber of reasons, but | would [ike to
hi ghl i ght that HBOC-201 consistently increases tissue
oxygenation and decreases markers of anaerobic netabolism
in preclinical studies. Again, as stated earlier, the fact
that 95 percent of patients avoi ded bl ood transfusions
suggest that surgeons and doctors taking care of those
patients were content with the oxygen-content physi ol ogic
response provi ded by the HBOC- 201 product.
[Slide] Assunption nunber five is really a
recounting of our acknow edging that red bl ood cells were
better than HBOC-201 in the population studied in 115,

basically stating that in the prior Phase 3 trial, the AE
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profile of HBOC-201 was certainly inferior to red bl ood
cells in the overall |ITT ol der popul ation.

[Slide] That’'s not the question. The difficult
guestion -- and | think this is the third-nost inportant
slide of all these -- is, how do you extrapolate and try to
predi ct benefit-risk froma study that is so very
different, for nmultiple reasons, fromRESUS? | would |ike
to go through that a little bit.

The potential benefit, as | stated earlier, in
the prior Phase 3 trial was only, froma practical point of
vi ew, transfusion avoi dance, as opposed to potential-for-
survival benefit in RESUS. The clinical setting was in-
hospital, where there are multiple nodalities avail abl e,
and it was el ective-surgery patients. In RESUS, it’s a
prehospital environment, with acute henorrhagi c shock,
where the armanmentariumis incredibly mniml for
par amedi cs.

The popul ation was nmainly elderly patients; in
RESUS, it’s mainly younger adults. The exposure was
days -- prol onged bl ood-transfusion substitution, as
opposed to a brief oxygen bridge in RESUS. The physiol ogic
state was nostly henmodynamically stable. Mst of the
patients were euvolenic. Some were even hypertensive
before they even got clinical test material. |In RESUS,

t hey are henodynam cal ly unstabl e, and because their bl ood
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pressure is less than 90 -- in fact, it will be much | ess

than 90 in nost, because the RTS of 1-to-5is a very, very

tight, severe population -- all the patients will be
severely hypovol em ¢ and hypot ensi ve.

The conparator is gold-standard red bl ood cel
t ransfusi ons, versus suboptimal asangui nous crystalloid
fluids that don’t carry oxygen. There is potential for
st udy-desi gn i ssues.

[Slide] Nevertheless, even if you do believe
that extrapolation fromthe 115 trial predicts a lot in
RESUS, we still believe that the safety data in the overal
popul ation predict, as required by the regulation,
reasonabl e risk. Wy? Because the group differences --
basically, the key nunber is the overall SAE rate, a
difference of 7 to 8 percent -- we believe is relatively
low if you consider it in the context of an al nbst-60
percent nortality population and the potential for survival
benefit, as denonstrated in preclinical studies.

[Slide] Secondly, if that is not sufficient,
even if one assunes that extrapolation is reasonable, in
t he younger subjects, the key safety-signal group
di fferences were significantly narrowed.

Also -- and this is where | hope | will answer
one of the panel menber’s questions -- there was inproved

safety in patients with cardi ovascul ar disease. This is
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al nost |ike asking, is water wet? Younger trauna patients,
of course, have | ess conorbid disease. But let me prove
it.

MIllhamrecently reported a | arge query of the
Nat i onal Trauna Data Bank, and he showed that only 7
percent of patients had a history of cardi ovascul ar
di sease. In the HEM 0115 trial, alnost three-quarters of
the patients had a history of cardiovascul ar di sease. |
submit that just this fact unto itself suggests that there
is lower risk of cardiovascul ar and cerebral ischem c SAEs
in the RESUS trial.

[Slide] On top of that there are accumul ati ng
(al though small and |imted) trauna data now in 20 tota
patients, 10 of which received HBOC-201 in a South Africa
ongoing ER trial. This is the trial that has patients
whi ch nost -- although there are significant differences --

have the nobst simulati on of RESUS conditi ons. But it was

still a very high bar, because the standard of care was the
conpar at or, which, of course, includes red blood cells. In
that study -- and | will conme back with nore detail about
it later -- there is equivalent nortality, despite the

hi gh-bar conpari son, and there are trends already apparent
to inproved -- not equal, but inmproved -- safety in HBOC
versus the conparator, which includes blood. Actually the

AE- and SAE- per-subject rates are | ower wth HBOC-201, and
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there are decreased fluid requirenments. The bl ood-
transfusi on requirenent already has a P value of .08, just
having enroll ed 20 patients.

Finally, a U S. -based DSMB has just finished
reviewi ng these interimdata and has recommended conti nui ng
the trial

| think this adds additional data to just suggest
that risks are probably reasonable in the medical condition
i n RESUS.

[Slide] | would Iike to shift and go back a few
years to the late 1990s. Diaspirin cross-linked henpgl obin
is probably on the forefront of people’ s thoughts when they
t hi nk of HBOC- 201, the prior Baxter product. DCLHb is 100
percent tetrameric henmoglobin. | amgoing to conme back to
this in nore detail later. But nultiple studies show that
HBOC- 201 -- strongly suggest that it is |ess vasoactive
t han DCLHb.

Al so peopl e al ways renenber the Sloan study,
whi ch was the in-hospital trial where nortality was
i ncreased with HBOC-201 versus conparator -- again, not
much potential for benefit there. But the conparator was
red bl ood cells.

There was equivalent nortality, in fact, in a
|arger trial, which nost people don’t know about. That was

t he prehospital European HOST trial published not too | ong
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ago by Kerner. It was stopped nainly as a byproduct of
that study in the in-hospital setting.

Finally, physicians learn. This was back in the
1990s. An inproved understandi ng of vasoactivity has
pronpted incorporation of multiple risk-mtigation
strategies related to potential for vasoactivity in RESUS.

[Slide] Qur ninth assunption is that preclinical
and clinical data support RESUS dosing guidelines. | wll
cone back to this in nore detail later. But there are
mul ti pl e henorrhagi ¢ shock studies, as alluded to by Dr.
Stern, with doses and rates of infusion that are equal to
or sonetimes significantly above those that are proposed in
the RESUS trial .

Secondly, in the 0115 trial, the preponderance of
data is in patients receiving a maxi num dose sinlar to
RESUS -- i.e., less than or equal to six units. In fact,
it’s 81 percent. In that population, there was, overall,
we believe, a reasonable risk and, in fact, a better
overall profile than the ol der popul ation, especially when
one | ooks at younger subjects.

Finally, in the 125 interimdata in the South
Africa trauma trial, you have favorable interimresults,
again with doses and infusion rates that are very simlar
to, and sonetines hi gher than, those proposed for RESUS --

j ust an added bonus.
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[Slide] | would Iike to end our assunptions
section of this talk with trying to convey that there are
multiple risk-mtigation strategies. W classify themin
four categories. | will go through each one.

[Slide] The target popul ation was selected to

maxi m ze benefit and to minimze risk. |In particular, by
exsangui nati ng henorrhage -- these are the FDA words; you
need exsangui nating henorrhage -- we believe that a

nortality of 58 percent, assuming it is correct or even
close to correct, satisfies that. This is a popul ation
that has significant potential for benefit.

In terns of maxim zing benefit, we al so have an
exclusion of short transport tinmes. Again, those are
patients who are probably not going to benefit nuch
because they will get blood soon anyhow.

Additionally, to mnimze risk, we exclude the
el derly.

Finally, to mnimze potential risk in terns of
i npact, causing hypoperfusion fromunder-resuscitation by
paramedi cs related to vasoactivity, we have included a
tachycardia criterion, as nentioned earlier, beyond sinple
bl ood pressure. | will conme back to that in nore detail.

| just want to nake one other point. Standard
fluids can be given, no matter what, if the paranedic feels

that they are clinically indicated, irrespective of any
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RESUS i nclusion criteria.

[Slide] Qur second category of risk-mtigation
strategies is that we have standardi zed and optim zed care
as nmuch as we can. W have spent an inordi nate anount of
time on putting together training nodules. O course,

t hose woul d have to be executed as well, if the study went
forward. W have insisted on standard care. That includes
access to standard bl ood transfusions as soon as they are
available -- i.e., even in a prehospital environment.
Vanderbilt does actually have bl ood on sone of their air
anbul ances. That woul d be an exclusion from participation
i n RESUS.

[Slide] Finally, there are conprehensive
surveillance methods which allow for early detection, so
you can do sonething about themif adverse events do
happen. | want to focus on one, which is sort of an aside.
In order to mnimze the potential risk of idiosyncratic
hi gher bl ood pressure responses -- there were those two
patients in 115, although they were consi dered unrel ated
and they were hypertensive before they got HBOC- 201.
Nevert hel ess, it obviously shows that there is sonme mni mal
risk of a rare hypertensive response. W included an HBOC-
201 infusion stopping criterion of 120 mrHg. This doesn’t
guarantee that it will never happen. Wat it does is, it

mnimzes it.
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You m ght say, where does that come fron? In
preclinical studies, it is rare. | don't renenber in ny
head the nunbers. We will have to look. But | think it’s
10, 12, or 15 percent of aninmals that reached an equival ent
nunber. We | ooked back at the prehospital DCLHb HOST
trial -- again, DCLHb being nuch nore vasoactive than HBOC-
201. Ed Sl oan has these data, and we would be delighted to
el aborate about themnore later on in the QQA. Only about
20 percent of patients ever reached, in a prehospital
environnent, this kind of blood pressure.

It means it is going to happen and that this
mtigation strategy will be incorporated, but not that
of t en.

[Slide] This talk is very dense and there are a
| ot of issues. | just wanted to take a 10-second breat her
for everybody and then nove on to what the RESUS | ND
clinical hold issues are and try to address them
specifically.

A notation before we get into that: |It’'s really
i mportant, in our opinion, that the panel knows that the
consul tant reports that were included in FDA's BPAC i ssues
statenent were all conpleted prior to incorporation of very
significant -- some at the recommendati on or consideration
of the FDA -- that were included in the RESUS | ND and

protocol since the sumer and the fall of 2006. One did
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i ncl ude updated conments, but the others did not.

DR. HI NTZE: Before you begin, how nmany units of
HBOC- 201 are in the trial? | read three; soneone said six;
soneone said 10. What is the real nunber?

DR FREILICH The confusion is dose. It’s three
doses. Each dose is two bags. So it’s six units.

[Slide] The first cormment: FDA has stated,
“There is inadequate information to assess whether risks
and benefits are reasonable.”

[Slide] W believe that there is rmuch nore
information than is usual for consideration in an | ND
There is a substantial preclinical database, as stated
earlier, of 22 henorrhagi c shock studies, with or wthout
traumatic brain injury. There is a substantial clinical
dat abase, in over 1,500 patients, about half HBOC. In that
Phase 3 trial, actually there were trauna patients,
al t hough they were stable trauma and they don’t have a | ot
of relevance to RESUS. But they certainly have a | ot nore
than the older ITT population. As nentioned, there are 20
with traumati c henorrhagi c shock in South Africa.

Additionally, it is rare that one actually has
post mar ket i ng experience. This was recently published by
Dr. Levien in South Africa.

[Slide] The second concern: “The toxicity

profile of HBOC-201 precludes study in field trauma, unless
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the target population is projected to have an extrenely
high nortality risk with exsangui nating henorrhage or rapid
bl eeding with prol onged delay to energency care.” |
alluded to this earlier

[Slide] W believe that a nortality of greater
than 1-to-2 sinply equates w th exsangui nati ng henorr hage.
Secondly, our inclusion of that delay to energency care --
basically, that you need a m ni num anount of tine that
woul d be excluded -- we think satisfies the second
criterion which was stated in witing by FDA rapid
bl eeding with prol onged delay to enmergency care.

[Slide] Next, “Entry criteria for RESUS suggest
that the patient population is likely to be heterogeneous.”
| amgoing to talk about this in the next few slides. O
course it’s heterogeneous. You can’'t do a trauna trial
wi t hout heterogeneity. The question is whether you have
attenpted, to the best of your effort, to make it
reasonabl y honpbgeneous.

[Slide] This is what we have done. Actually,
this was at the direct reconmendati on of FDA back in 2004
or 2005, that we include the Revised Trauma Score. The
Revi sed Trauma Score was alluded to by Dr. Dutton. It is
between 1 and, in round nunbers, 7.5. Wth 1, you pretty
much all die; with 7.5, pretty nuch everybody survives.

There are stratifications. That is what we did, at the
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FDA' s request.

When one stratifies the RTS, you find that, no
matter how you |l ook at it, the ranges that are in RESUS --
1to 2, 2to 3 -- are reasonable. They are not all equal.
O course they are not. But even in the highest RTS, which
is the patient population that has the | east nortality --
i.e., the least ill in RESUS -- they still have about a 30
or 40 percent nortality.

What about the Nin terns of distribution, com ng
back to one of the panel nenber’s questions? The same RTS
stratifications. You can see that it is relatively
reasonably distributed. In fact, it’s actually bell-
shaped- curved and normalized, such that the highest
i ncidence distribution is right in the mddle, around 2 to
3. If we could really reproduce this -- and we are goi ng
to reproduce this in RESUS -- this suggests that you have a
reasonabl y honpgeneous popul ation, with high nortality in
all RTS ranges.

What this does is, it elimnates the classic
nenmesis of trauma trial, the binbodal U shaped distribution.
You have excluded these on both sides.

[ SIide] Wen you |ook at the NTDB data, they are
not as tight, but they are pretty simlar. You can see
about 30 percent even in the best group. You don’t have a

bel | - shaped curve, but you have a reasonable distribution
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in the patient population to be enrolled in RESUS.

| would Iike to state that this contrasts with
the RTS curve supplied in FDA's issues statenment. That RTS
curve is the original curve, | think published by Chanpion,
about the RTS data, but is not specifically | ooking at RTS
ranges in the inclusion-criteria population in RESUS, which
these two traunma dat abases used.

[Slide] This comes back to one of the other
panel menber’s question about the colloid/crystalloid
studies. FDA has stated -- and | think, intuitively, it’s
a concern -- “For crystalloid/colloid-controlled surgery
studi es, the inbalances persisted.” Again, intuitively, we
are conparing against LR and then blood in RESUS. So you
woul d t hink, okay, they are sonewhat sinilar.

[Slide] But the studies were very, very, very
different. First, let’s acknow edge the mai n adverse
event. In those studies, whatever they are, for the sake
of sinplicity, M is the nain issue to be considered. The
FDA' s issues statenent says seven versus one. W believe
it’s actually five versus one, based on the actual
dat abase. Three of the five were in patients over 70 years
old. O course, the P value is over .05. Nevertheless,
it’s a potential adverse safety signal, no question.

But there are significant nunerous potenti al

confounders of these data with respect to prediction of
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benefit-risk in RESUS. First of all, in many of the
studies, there was a very high henogl obin trigger.
Patients were being gi ven HBOC- 201 because they had
henmogl obins of 10 to 12. obviously, there is no
significant benefit, based on recent data by Hebert and
ot her peopl e, about transfusions.

Also in many of these, there was m ni nal bl ood
loss. In one of the studies, the requirement was 500 mi,
which is not terribly different fromwhat you do when you
donate bl ood. Again, there was not nuch benefit in that
st udy.

Many of these studies were top-|oad studies.
There weren’t hypot ensi ve/ hypovol em ¢ RESUS-type pati ents.
That obviously increases vasoactivity risk. If you start
at this level and you give a mld to noderate vasoactive
product, you m ght get nore vasoactive responses.

The last one that | want to actually state is
t hat bl ood transfusion was an endpoint in many of these
studi es, so that the conparator actually was not
crystalloid/colloid; it was crystalloid/colloid and you
coul d get blood soon, in all these studies. There was
prol onged exposure to clinical test material, and therefore
prol onged excl usion of standard red bl ood cel
transfusions. Cbviously, this is a high bar and, once

agai n, increases ri sk.
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There are other issues that are mat hematical, for
exanple. Many of them had two-to-one enrollnment. They
wer e het er ogeneous.

Basically, these data, we acknow edge,
denonstrate potential risk, the second arrow, for M in
some situations with HBOC-201. Biopure at the tine, in
these trials, set up a situation with no significant
potential for benefit, but certainly potential for risk.

As a consequence, we think they have no significant effect
on the overall prediction of benefit-risk in RESUS.

[Slide] The next statement FDA has stated is,
“Preclinical studies do not” -- | repeat, “do not”

“support even potential to provide direct benefit.”

[Slide] As stated by Dr. Stern earlier, the
preclinical studies show reduced nortality in all of the
studies. \When one includes all nodels, to be conservative,
i ncl udi ng ones that were never designed or powered for
nortality reduction, you still get a 75 percent nortality
reduction, with a highly significant P value. Wen one
| ooks at severe henorrhagi c shock nodel s, which, of course,
are rmuch nore RESUS- anal ogous and were powered adequately
to I ook for reduction in nortality, you get the sane
nortality-reduction size. |It’s dramatic -- with HBOC 201,
a nortality of 17 percent and a nortality of 93 percent --

these are just the converse of the survival data that Dr.
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Stern gave -- again with a highly significant P value. O

nost i nmportance, one can critique that these are conbi ned

studies. It’s not a true nmeta-analysis. But when one
| ooks -- and you remnenber the graph that Sue Stern
showed -- all the studies individually had the sane

nortality reductions, irrespective of whether you conbi ne
t hem

[Slide] Additionally, as she showed, the
preclinical data predict inproved henodynanic stabilization
and no unreasonable risk. There is nore rapid
stabilization of henmpbdynamics, and there is only mld to
noder at e vasoactivity and no evi dence of increased
henor r hage.

[Slide] The preclinical data conprehensively
predi ct tissue oxygenation benefit, whether one | ooks at
i mproved direct neasures or indirect neasures -- i.e.,
t hose | ooki ng for anaerobic-netabolismclassic clinical
par anmet ers.

[Slide] The preclinical data, especially in
Iight of the SAE incidence in the cardiac SOC and 115,
predi ct equivalent -- | think | answered this with one of
the questions earlier -- or inproved nyocardial effects
with RESUS. There is absolutely no evidence of heart
failure, overload, and henorrhagi c shock. W | ooked at

l ung and nyocardial tissue, as | stated earlier, in
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mul ti ple preclinical henorrhagi c shock nodels. There is no
evi dence of cardiac injury. |In fact, in all the studies,
troponi n-1 was equi val ent or inproved with HBOC- 201, and
all the histopathol ogic myonecrosis or nyofibrosis scores,
as | said, were equivalent or, in one study, inproved.

Al so, in acute coronary stenosis nodels -- for
exanpl e, as published by George et al., lately -- you had
decreased nyocardial infarction size.

[Slide] The preclinical data predict equival ent
or possibly even inproved respiratory effects. Certainly
there is no evidence of heart failure or pul nonary edenma in
any of the studies that we have | ooked at.

[Slide] The preclinical studies do predict mld
adverse events related to the @ and hepatic side effects
t hat we tal ked about once before.

[Slide] The preclinical data predict mld renal
pathology in a mnority of studies. There was no cortical
or nedullary injury. W saw mld papillary injury, again,
in the one study where fluids were restricted and were
| ower than in controls.

[Slide] As Dr. Stern stated, there were multiple
cl assi ¢ neur osurgery/ neurophysi ol ogi ¢ paraneters that were
significantly inproved. Many of these are specific primry
ai ms of resuscitation by neurosurgeons in henorrhagi c shock

and TBI. These are summarized for you here. | just want
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to focus on inproved cerebral perfusion pressure, inproved
brai n oxygenation -- also inproved histopathol ogy, as shown
by Dr. Manley and Rosenthal at UCSF. Just this slide
predicts -- although we haven’t proven it, because we
haven’t | ooked at functional neurocognitive outcone -- that
neur ocognitive outcone in survivors should be inproved in
RESUS.

[Slide] There are inproved henatol ogi c effects.
They are predicted to be the same in RESUS. obviously,
bl ood content will be inproved if one gives henogl obin.
The studi es show decreased transfusion requirenents.
| nci dence and dose of transfusions and delay to the first
transfusion were all statistically significant in NVRC
studies. There are multiple references which show that
t hese paraneters are independent predictors of adverse
outcone. |If you don’t have these outconme paraneters, they
are in trauma

There was a question by one of the panel nenbers
about inmune responses. Dr. Dong in our group published
one study, and there are a couple that were subnitted
recently. W have | ooked at conprehensive i nmunophenot ype,
adhesi on markers, plasma cytokines, and apoptosis. Dr.
Kerby is doing sonme of that in mce. W have done that in
SWi ne.

From a practical point of view, one is
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underwhel ned. There really is very little. A sinple trend

appears, and it’s alnost insignificant, but it seens to be

consistent in all the studies. [|L-10 appears to be a
little bit higher -- and, actually, now we are finding out,
maybe even IL-4 -- these are both Th2 cytokines -- in HBOC

animals. W don’t know if it’s because they got HBOC or

t hey survived to nount the response and have a hi gher Th2
response. It’s sonething we want to figure out. But it’s
slightly different, usually not significant, but seens to
be a trend.

As | said earlier, there are equivalent effects
on 3-nitrotyrosine, which is a surrogate for oxidative
potenti al .

[Slide] So in summary, our concl usion about the
preclinical studies is that they predict significant
benefit w thout unreasonable risk in RESUS. There has been
of ficial survival and physiologic effects and only mld
adverse events. The strength of these studies, as Dr.
Stern said, is that they are nunerous. |In fact, the
het erogeneity of these studies is not a weakness; it’'s a
strength. No nmatter how you look at it, in multiple
vari ous ways and nodels which sinulate trauna patients, you
still get a pattern of inproved outcome, by multiple
institutions, independent investigators -- many

i ndependently funded, such as all the Navy studies -- for a
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vari ety of henorrhagi c shock nodels. There are specific
nodel s that we did. Some did not include anesthesia. Sone
were sedation only, as requested of Biopure by FDA. Sone
were blinded, as nuch as you can, until you get HBOC. It
turns you red, so the technicians then | earn what group you
are in. But they are certainly blinded until
random zation, in all the Navy studies and many of the
others. Manley was very, very conpul sive about blinding,
and Dr. Stern was, in the study requested by FDA.

Basically, there are redundant and highly
significant results in all these studies.

| alluded to the main limtation. That is, if we
didn’t exclude the elderly, they would predict what m ght
happen in younger patients. There are other potenti al
confounders. W think there are nuances in each individual
study, but the overall data are concl usive.

[ Slide] Vasoactivity was asked about by one of

t he panel nenbers. FDA has stated, our concerns that

when a vasoactive HBOC (DCLHb or HBOC-201) is infused, the

two endpoints typically used by EMI providers to estimte

whet her to give additional product, blood pressure and

heart rate, are insensitive surrogates of volunme status.”
W believe that that question actually has a

fal se assunption. Paranedics don't typically rely on heart

rate and bl ood pressure. They rely on rmultiple clinical
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paranmeters. It’s this classic standard training in PTLS
and the national highway and trauma safety training -- and
this is standard. But let’s address these issues
specifically.

[Slide] Vasoactivity | consider to be an
intrinsic characteristic of this class of drugs. DCLHb,
the first-generation product by Baxter, has 100 percent
tetrameric henogl obin. Tetrameric henoglobinis
probably -- although, again, not entirely -- and Dr.

Al ayash and Dr. Tsai and Wnslow and others -- there are
many theories about it -- the preponderant reason is
probably tetraneric henoglobin, and then you are left with
ot her reasons. Tetraneric henogl obi n extravasates beyond
smoot h muscle in the vascul ature, binds nitric oxide, and
causes a vasoactive response. 1In the first-generation
product, you had 100 percent tetraneric henogl obin. HBOC
301, which is what was referenced by nost of Dr. Alayash’s
slides, which is Biopure' s veterinary product, is still a
first-generation product, with the same anount as Henol i nk,
whi ch, froma practical point of view, in nmy opinion, went
out of business because it was an ol d-fashi oned product.

It sinply wasn’t pure enough to conpete with the newer-
generation products.

HBOC-201 is relatively simlar to what was
reported by Northfield Labs about Pol yHene.
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[Slide] W believe that as HBOC-201 elicits mild
to noderate bl ood pressure responses in henorrhagi c shock
and other studies, in nost patients, in nost animals, the
ri sk of adverse effects in prehospital nonitoring, in the
first place -- even if one stated that bl ood pressure is
going to fool paranedics -- is low. Wiy do we say that?

In the preclinical henorrhagi c shock studies, 94 percent of
nean arterial responses were classified as mld to
noderate, as recently published by Rice in Journal of
Trauma. Al so the nore severe the hypotension, as one would
expect, the |lower the MAP response.

The clinical trial, 115, showed relatively
simlar responses, such that nost SBP responses
coincidentally -- 94 percent -- were classified as mld to
noderate. The classification occurred prior to the actual
tabul ati ons. There were no severe bl ood pressure responses
that were considered by the investigator to be related to
clinical test material. There were those two patients --
and | am going to come back to them-- who were consi dered
unr el at ed.

Anal ogous to the finding in the preclinical
studies, and confirmatory, is that systolic blood pressure
responses were |l ower in subjects who were hypotensive.
That’ s not surprising. Also they were |ower in younger

subjects. This is relevant, of course, to RESUS.
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[Slide] Wth respect to heart rate, because
preclinical studies -- and this was al so published by Rice
recently -- show that RESUS fluid-reinfusion criteria -- to
rem nd you, the fluid-reinfusion criteria are bl ood
pressure and tachycardia -- are sensitive, the risk of

adverse effects on prehospital nonitoring of fluid status

is low. W have backup slides, and | will go into that in
detail, if the panel desires, later. But a summary is that
hypot ensi on, despite the vasoactivity, actually is still a

very sensitive marker, as long as you have one condition.
It is severe henorrhagic shock. In mld henorrhagi c shock,
with increasing infusions, you start losing it. But we
have a risk mtigation for that in RESUS, and that’s
tachycardia. 1t was chosen because in these studies
tachycardia remains a sensitive nmarker throughout. It
doesn’t matter how many infusions you give and it doesn’t
matter if you have mild or severe henorrhagi ¢ shock

Al so when one | ooks at, in a sense, the worst-
case scenario, the first-generation DCLHb, in the
prehospital HOST trial, heart rate -- and we have a graph
and we can show that later on, if desired -- was equival ent
whet her you get DCLHb or nornal saline, suggesting that it
shoul d be as sensitive a marker, whatever its sensitivity
is, as standard patients get.

[Slide] In sumary, with respect just to these
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vasoactivity slides, we believe that HBOC-201 is unlikely
to significantly adversely affect prehospital nmonitoring in
RESUS, for three reasons:

e As | stated just now, there is low a priori
ri sk because the vasoactivity is only mld to noderate.

e Standard EMS training includes use of nultiple
clinical paranmeters, to the exclusion of reliance on
hypot ensi on al one.

e Ontop of that, there are multiple risk-
mtigation strategies to ensure that it doesn’t happen
despite all that.

[Slide] A corollary to the blood pressure is
what we tal ked about earlier. There were a coupl e of
patients in the 115 trial and there were two patients in
the COR-0001 trial, which is a percutaneous coronary
intervention study in old patients. | will nention those.
FDA has stated, as a consequences, that “increases in
systolic blood pressure to 220 mmHg have been noted with
HBOC- 201. "

[Slide] To put that in perspective, it happened
in 4 patients out of a total of 826 subjects receiving
HBOC- 201, and, you can see, significantly less than 1
percent of the time. Wwo were these four patients? The
two in 115 -- one was 61 years old, one was younger. But

they were both classified by the investigator as being
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unrel ated. One of them in fact, was euvolem c and
hypertensive before he even got clinical test material.
Thi s one happened after 10 doses -- in RESUS, you can only
give up to six -- and after five days of exposure. You can
only give HBOC-201 in RESUS for m nutes or maybe an hour.

O course, it resolved.

The second one was in a euvolenic patient. It
only happened 43 days later. It is not logical to think it
could be due to HBOC 201.

What about the two in the COR-0001 trial? This
is atrial of patients undergoi ng percutaneous coronary
i ntervention because they already have had an acute
coronary syndrome or it has been denonstrated that they
have coronary-artery disease and are at risk, obviously.
These were the actual titles of the SAE, but it doesn’t
nmean that it’s really what happened. Both of these
patients were euvol emic and were hypertensive -- one of
t hem was over 150 systolic; one was over 170 -- agai n,
before they ever saw the clinical test material, HBOC 201.

This one was very concerning a priori in that
there was severe hypertensive response. This patient had a
bad outcone initially, where there was el ectronechani ca
di ssoci ati on and cardi ac arrest, conplicated by an M and
stroke. But the severe hypertension is what happened

first. The patient got sonme nitrates and it stabilized.
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The severe hypertension was related to HBOC- 201, but it
stabilized with nitrates, and only after injection of
contrast material and inflation of the balloon -- right
after that was when the EVMD occurred. The cardi ol ogy
consul tants, the neurol ogy consultants, the investigator,
the DSMB, NVRC -- and we conducted a conpl ete separate
survey of all RESUS advi sory board nenbers about this --
all believed, yes, the initial hypertension response was
due to HBOC- 201, but the subsequent conplications had
nothing to do with HBOC-201 and were highly likely to be
secondary to a conplication of the PCl intervention. W
can tal k about that, with the cardiologists, in nore
detail, if you want, l|ater on.

Basically, we believe that these data show t hat
there is a small risk of idiosyncratic blood pressure
responses. Dr. Levien, with a |ot of experience in South
Africa, will tell you that an occasional patient has a
hi gher bl ood pressure response, and you just don’t know
why. That’s why we call it idiosyncratic. But these rare
SAEs, in nmainly euvolem c and hypertensive subjects, we
don’t believe affect benefit-risk in the unifornly
hypovol em ¢ and hypot ensi ve subjects in RESUS.

[ Slide] Dosing has been another issue. FDA
stated, “There are limted clinical data on dose and rate

of admi nistration using HBOC-201 to support the RESUS
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dosing guidelines.” To some extent, it’s a catch-22,
because to get truly sufficient data, you need to do the
study. But what is avail abl e?

[Slide] Just to give you the background,
rem nd you about the dosing guidelines. As | stated to one
of the panel nenbers earlier, two units is the standard
dose. Wen you do the math, over 10 minutes, its 50
nm./mn, whichis .7 nL/kg/mn. You can get up to three
doses, which is six units, which is 21 nm/kg.

[Slide] Just to have those nunmbers in mnd, when
you | ook at the nost inportant preclinical studies -- you
can | ook at dose and the conparison with RESUS in yel |l ow.
When you | ook at the infusion rate and the conparison, in
yellow, with RESUS, and total dose, you can see that the
preclinical database conprehensively has bracketed the
doses, where you get simlar doses, .7, 1.X to nuch higher
Xs -- 6to 12 to 18, very high nunbers. So there is
i mproved outcone in all these studies with simlar or
hi gher doses than what is proposed for RESUS for dose, for
infusion rate, and for total dose.

[ Slide] Wen one |ooks at the 115 data, in the
| ess than or equal to six units of HBOC, we predict
reasonable risk. First of all, it was the |argest group of
popul ations. Again, you know what you are getting, because

it’s a | arge database. The key safety signals were
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actual ly decreased in patients who got |ess than six units.
You can see group differences.

W need to acknow edge that there is a linmtation
of looking at it this way. There is possible confounding
by patient condition. There is no question of that. But
irrespective of that, the fact of the matter is that
what ever you do observe is |ess concerning in younger
subj ects. But we do conpletely acknow edge that there is
such a limtation. Either way, the database -- whatever it
is -- is in that patient popul ation, predoninantly.

[SIide] What about rate? W don’t have data in
50 mL/mn, so we | ooked at what we do have. W have
internediately rapid rates. Again, the RESUS default
infusion rate is 50 nL/mn. W |ooked at 25, because at
| east we had a reasonabl e nunber of patients to | ook at.
When you | ook at systolic blood pressure responses, after
the first infusion, in fact, it appears a little lower with
HBOC- 201 at that intermediate transfusion rate than in the
overal | popul ation. Wen you |look at all infusions, the
trend seenms to be reversed. But either way, what you are
seeing are differences of maybe 10 mtg, which are probably
not terribly significant.

Finally, also key safety signals in this small
group -- for what it’s worth, but at |east we are | ooking

at it -- were simlar to the overall population. That is
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i n your package.

[ Slide] What about traunma data? Again, to get
good, highly relevant data, we actually need to do the
study. But we |ooked at the 125 data from South Africa,
which we think is the nost relevant. You can see that the
vol ume, the duration of infusion, and the rate are not
terribly different -- certainly in the ballpark -- in
conmparison to RESUS. You have the results here that |
stated earlier. Basically, it trends to a favorable safety
profile.

[ Slide] What about the worst-case scenari 0?
There are extensive DCLHb data in trauma patients in the
prehospital HOST trial, which show that systolic bl ood
pressure, with doses simlar to RESUS -- about 1,000 ni;
our max is 1,500 -- predict reasonable risk. 1In this curve
you can see that there is no difference in blood pressure
bet ween those patients in the prehospital setting who got
DCLHb and those who got normal saline.

Just in the interest of tinme, | amgoing to skip
the summary slide and nove to the |ast two categories,
bef ore sone concl usi ons.

[Slide] W believe that non-serious AEs are
probably not terribly inportant to RESUS.

[Slide] These are summarized here -- as long as

mtigation strategies are included.
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[Slide] They are akin to the consideration of
nausea AEs in a chenotherapy trial. They are inportant and
you need to deal with themand m nim ze them but survival
and SAEs shoul d be key adverse signals in patients in the
RESUS trial for prediction of benefit-risk.

[Slide] | just want to give you two quick
exanples. One is oliguria. You do need to mnimze risk
of oliguria, because it was higher in HBOC 201 patients
than red blood cells, in the Phase 3 trial. But we think
that nore clinically relevant is that renal failure was
really not significantly different.

[Slide] Troponins: Troponin, we believe, was a
| aboratory abnormality, but didn't have very nuch
significance in terms of prediction of benefit-risk in
RESUS. Wiy do we say that? When you | ook at the classic
recei ver-operator curve, the ROC, yes, there were a | ot
nore -- an 11.6 percent group difference -- in HBOC
patients. But when you | ook at M, there was no
di fference.

[Slide] The questionis, is the troponin
el evation an M? The consensus docunents state that it’'s
not. The standard 2000 document says that you need a
typical rise and gradual fall of troponin, and you need to
have at |east one of the following. You can’'t have just a

troponin. You need to have ischem c synptons and ECG



135

changes, et cetera.

[Slide] As recently published, there has been
wi despread m sinterpretation of the new definition.
Troponi n concentrations are frequently assuned to refl ect
M, wthout corroborative evidence fromthe patient’s
hi story or ECG

W are not saying that they don't predict any
risk. W are saying that they just need to be considered
i n context.

[SIide] Wen you |look at the 18 patients who
actually had troponin elevations, it’s very interesting.
Most of themwere low |l evels. Not all, but nbost were just
above the ROC. There are data akin to PCl troponin |eaks,
as cardiologists frequently call them Yes, they do have
sone effect on clinical outconme, but nuch | ess than when
you have larger troponin | eaks. Also the true group
di fference, neaning these 18 patients -- many of themare
not really real risks. Three of them in red, actually
happened before you even got clinical test material. The
ones in yellow were either isolated or just had a m ni nal
detectable |l evel, less than ROC, afterwards. These
certainly would not actually neet the criteria.

[Slide] Finally, whatever apparent differences
there are went away or at least were mninmzed a lot in the

younger patients.
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[Slide] In sumary, about troponin, we believe
that troponin elevation was an isol ated | aboratory
abnornmality -- not that it had no effect, but it had no
significant effect on overall prediction of benefit-risk in
RESUS. | want to sunmmarize this again, because | think
this is really inmportant. There was |ess a prior
significance, because many of them obviously didn’t neet
criteria. They have questionabl e significance, because
only one of themwas associated with an M. In younger
subj ects, which are nore RESUS-rel evant, there were | ower
group differences. There were no such simlar group
di ff erences when you | ook at henorrhagi c shock in aninal
studies. Finally, if that is not sufficient, there are
multiple risk-mtigation strategies to mnimze this
further in RESUS.

[Slide] The final area that | would like to
touch before summari zing with conclusions: Until now, we
have spoken about a qualitative analysis of benefit-risk,
but what we tried to do -- and we have to acknow edge up
front that these are early drafts. How do you
mat hematically, in a sense, try to tell a clinician what
the potential benefit-risk is? There are a |ot of
criticisms. | amonly going to show you one. In your
package we have three of them but | think this one is the

one that clinicians think |ike.
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[Slide] Before | state that, there are a bunch
of quotes here that tal k about this, but | just want to
read one, because this is really the underlying urge to do
this: “Both benefits and risks should be considered. The
degree of risk that may be consi dered acceptable is
dependent on the seriousness of the disease being treated.”
This is obvious, but it really needs to be recalled in our
m nds for the application of benefit-risk in RESUS.

This is alittle conplicated, but I think it wll
be sinpler when we go through it.

[Slide] W tried, again, to mathematically
guantitate benefit-risk. W used conservative assunptions.
For benefit, we assuned -- we had to start sonewhere --
that nortality truly is 58 percent, as we have alluded to.
W assunmed that the effect size is 15 percent. The reason
| say that this is conservative is that, for risk, we used
the HEM 0115 I TT overal |l popul ation data. W also | ooked
at the less-than-70-year-olds. But there is no real reason
to say that because the 7 to 8 percent risk of SAE was
hi gher in 115, it’s going to be the sane in RESUS, for
mul tiple reasons. But let’s just say it was.

The readout was an excess SAE score, which sounds
conplicated. But what it is, is as follows: Wat is the
nunber of excess subjects expected to experience at | east

one SAE for every life saved? W do this in nedicine al
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the tinme. | have anphotericin as an exanple. Let’s say
you are in the intensive-care unit and you have a patient
who you know has fungem a and will obviously die if you
don’t give himanphotericin. W give that patient
anphotericin all the tine. |In our mnds, we know that we
are going to certainly save his or her life, because they
are going to die without it. But sone percentage of those
patients are going to get renal failure, or at least wll
get renal insufficiency. So we do this calculus in our
mnds all the tine.

For statisticians, this is just a standard
reversal of the BRR which is the benefit-risk ratio, and
t he nunbers are there.

NMRC used very conservative nunbers. You can
say -- and | think it is a valid criticism-- that these
are not validated. |If we query this audience, there m ght
be 20 opinions. But what | amgoing to say is what we did.
| think it would be highly unlikely that people would be
nore conservative than this. Wat we said was an ESS | ess
than 1. |In other words, to save every life, you m ght have
| ess than one additional patient with an SAE. Mbst peopl e,
clinicians and patients, would say it’s highly favorable.
At 4, we already said it mght be transitioning. W
gueried 14 of our trauma specialists, and the nunbers are

much higher than that. The nmedian | don’t renenber
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exactly. | think it’s 10, 20, 30 SAEs. There is a range.
But certainly nobody said that at one or two additional
SAEs, that woul d be unreasonabl e.

The results are that when you | ook at these
conservative data, you can expect, if the same thing
happens in RESUS, |ess than one additional SAE for every
life saved. 1In English, for every life saved, .7 to .9
excess patients nay have an SAE, as these predictions are.
W think this corroborates the qualitative benefit-risk
assunptions, that, as required by the regulation, risks are
reasonabl e.

[Slide] The final slide, before the concl usions:
What if we are wong? Wat if those assunptions are wong?
FDA has made this criticism and | think that’s
appropriate. Even if we are quite wong with our traum
registry queries and nortality is as | ow as 45 percent or
the effect size is only 10 percent, the ESS is still |ess
than 1 or just about 1, despite those assunptions. W have
a whol e bunch of assunption possibilities in the package.

So even if these are inaccurate, favorable
benefit-risk is predicted for RESUS. W think that this
adds credence to our belief that risks are reasonable.

[Slide] | would like to transition for a m nute.
W have five categories of conclusions. Really, this is a

summary of the initial outline that | had in the first
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slide or two.

e One, | hope that we have been able to show t hat
henorrhagi ¢ shock is the nbst comon preventabl e cause of
death in trauma and that nobst deaths occur during the
prehospi tal phase.

« Second, because traumm registry queries
denonstrate approxi mately 58 percent nortality in a subset
of hypot ensi ve henorrhagi ¢ shock popul ations with severe
henorrhagi ¢ shock to be targeted in RESUS, the current
treatment is unsatisfactory in these patients.

[Slide] < Third, the breadth and redundancy of
i mproved outcone in the preclinical henorrhagi c shock
studi es predict the prospect for benefit in humans in
RESUS.

e Fourth, as the preclinical henorrhagi c shock
studi es denonstrate a nortality-reduction-effect size of 75
percent, we believe that a 15 percent predicted benefit in
RESUS is highly conservative, with a fivefold margin of
error.

[Slide] <« That there was only a m|d adverse
shift in the safety profile of HBOC-201, despite conparison
wi th gol d-standard red bl ood cells and prol onged exposure
in an ol der overall population in prior surgical trials,
predi cts reasonable risk in conparison with LR and bri ef

exposure in young patients in RESUS.
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e That group differences in the younger patients
were narrowed further predicts reasonable risk

e That the interimdata fromthe South African
trauma trial were reasonable and actually favorable so far
further predicts reasonable risk.

[Slide] =« Basically, this qualitative analysis
predi cts favorabl e benefit-risk.

e The sem -quantitative anal ysis somewhat
corroborates it.

 On top of that, again, extensive protocol
mtigation strategies further reduce the risk.

[Slide] MW final conclusion -- and, M.
Chairman, | thank you for you allowing me to go over -- is
that all requirements of 21 CFR 50.24 related to benefit-
ri sk have been net or exceeded in the RESUS IND, and we
believe that the clinical hold should be |ifted.

| thank you very nuch for your tinme.

DR SIEGAL: Thank you very nuch for this
presentation. Let’s conclude the sponsor presentations as
qui ckly as we can, first with Joe Aker, EMI, MPH, executive
director for the Birm ngham Regi onal EMS;, and then Dr.

Kapl an.

Agenda Item Concludi ng Remarks: Prehospita
Need

MR. AKER: Menbers of the panel, | have three
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m nutes to do sonething for you. W are going to nove
qui ckly.

| have three goals here. One is to convince you
that we need to do this programin energency nedi cal
services. This is a civilian programfor us, the way it’s
proposed to you. Secondly, we can do this in emergency
nmedi cal services, and we will do this. Thirdly, I'mfrom
the South and | can still speak quickly. W wll see
whet her | neet this or not.

[Slide] | wanted you to see a little bit of our
systemthere. | call your attention to two things. W are
a systemthat does 20,000 responses a nonth. W do over
4,000 trauna system patients. W are recogni zed by
Mtertek and Harvard with the Homel and Security | nnovation
Awar d, because they recogni ze the issue of trauma and what
we have to do to take care of trauma.

[SIide] Wy do we need the RESUS study? | have
been a paranedi c over 30 years. | can do things for
airways that | couldn’t do 30 years ago. | have the
ability to utilize certain drugs. There are certain
i nnovations that we have in airways. | can do as good a
job in the field as al nbst any anest hesi ol ogi st can do or
any surgeon, because | can do a surgical airway al so.

Ventilation: | can do al nost anything that a

surgeon can do. | can put a needle in the chest. | can



143

relieve a tension pneunothorax. | have tenpori zing
neasur es.

But when it cones to circulation, the Cin that
process, | can’t do anything nore than | could do 30 years
ago. This is all | have to give ny patient. Al | have is
Ringer’'s lactate to give that patient. That’s not going to
hel p that patient who has this spleen that has expl oded as
a result of a deceleration injury. |It’s not going to do
what we need to do for that patient.

[Slide] So we need our interventions for
circulation. You have listened |long and hard to the risk-
benefit ratio. | can tell you, as an EMS system director,
intalking to nultiple paranedics across the United States,
we believe this will help patient outcones. It is a
civilian EMS study. W can do it in energency nedical
services. W can help nake the decisions that nake this
study appropriate for the patients, that nake a reasonabl e
ri sk-benefit ratio. W can |ook at what needs to be done
for these patients. W have to do it if we are going to
change trauma patient outcones in the United States, in the
world, and in the mlitary theaters around the world.

W can do it with the current protocol. W can
take the information that is needed to either exclude or
i nclude the patient and we can nake sure that patient neets

those criteri a.
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Just like you see that high-top Cadillac
anbul ance that we used to use when the funeral hones
responded to energencies, we need to nove beyond that
period. W are still in that period, with the fluids that
we use in prehospital care today.

Having said this, | would |ike to reintroduce Dr.
Kapl an, who will provide, froma trauna surgeon’s
per spective, how what we do in prehospital care is really
going to help himnmake a difference in patient outcones.

Agenda Item Concludi ng Remarks: Traunma Surgeon
Per specti ve

DR. KAPLAN:. Ladies and gentlenen, it is a
privilege for nme to conclude. | want you to understand
that this is not sinply the perspective froma trauma
surgeon, but this is collaborative fromnmany different
servi ces.

[Slide] The trauma surgeons that are in this
group and those who provi de energency care will recognize
t hat our paradi gm has shifted, and it has shifted
significantly over the |ast few decades. M. Aker has told
you that the paradigmin energency nmedical services truly
has not. It is |oad-and-go care. There is not value to
staying at the site of the accident when soneone has
henorrhagi ¢ shock. But | need a patient to be delivered to

me upon whom | can bring ny armanmentariumto bear -- all of
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it. There has been trenendous investnment in hospital
resources. It will be to no avail if the patient that |
receive i s not sal vageabl e.

[ Slide] Based on the known physi ol ogy of
henorrhagi ¢ shock, | believe that HBOC- 201 addresses those
prehospital needs in a setting where blood is absolutely
not available. This is the high-risk patient population.
It is in this group that those who provide clinical care
will see AEs and SAEs as a routine part and parcel of their
care. In many instances, there are so many AEs and SAEs
that result from henorrhagi c shock and the care that is
required that it’s possible that the signal from HBOC 201
will be orders of magnitude | ower, supporting the potenti al
benefit of this agent in delivering a sal vageabl e pati ent
to the hospital rather than having excess ri sk.

This trial has been designed for mlitary and
civilian arenas, but we have the ability to collect the
data to denonstrate its efficacy, or not, within the
civilian arena at present.

| will urge you to help us to know whether this
agent, in this fashion, in the prehospital arena, where
there is no suitable conparator, can do what we need it to
do -- save single lives and be applicable to a nass
casualty situation

Thank you so much for the privilege of the floor.
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DR SIEGAL: In the interest of speeding things
along -- | know that the conmittee is going to have sone
guestions, and perhaps we ought to take a few m nutes,
particularly for Dr. Freilich, possibly also for Joe Aker
and Dr. Kaplan as well -- are there any specific
clarification questions that any of you have at this point?

DR GREENBURG | have an answer to one of the
guestions that was asked before.

DR SIEGAL: Al right.

DR. GREENBURG | was so fascinated by Dr.
Freilich' s talk, which | have heard many times. |’'msorry
| didn’t bring this back to you in an hour. The question
was, what is the race distribution in our total popul ation
in HEM 115? The African-Anerican popul ation in HEM 115 was
82 patients, for a percentage of 11.9, and in all studies,
of atotal of 1,468 patients, there were 166, with a
reference of 11.4 percent.

DR SIEGAL: |Is there an estimate of the racial
and et hni c and soci oecononi c popul ation that we are likely
to be dealing with in the new clinical trial, the urban
popul ation? It’s likely to be very different fromthe 115.

DR. GREENBURG | do not have that. Maybe Dr.
Freilich does. W got the racial stuff. |’mnot sure we
have any soci oeconom ¢ data, but | can ask the boys to

| ook.
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DR SIEGAL: That’'s a good question for Dr.
Freilich, perhaps.

DR FREILICH W don’t have soci oeconom c data.
What | do know -- and we can try to get those data -- is
the concern that | think you m ght be getting to, and that
isin terns of the distribution of risk, ethically, towards
whi ch popul ation. Obviously, trauma occurs
di sproportionately nore in inner-city, urban situations,
and you end up with a potential unfair risk burden that
certain popul ations will undergo.

W have tried to do two things. Nunber one is to
make a big effort to include rural trauma centers and
trauma centers in popul ations that have denographic
di stributions that have a | arger Caucasi an and ot her
popul ati ons.

That al so has an effect on the soci oecononic
guestion that you are asking. There are places like the
University of lowa, the University of Kansas, and ot her
such trauma centers.

The second point is that the exclusion of
patients with short urban transport, 10 to 15 m nutes,
actually excludes a | ot of that urban trauma, which is in
t he hi gher proportion of black popul ati ons.

So we have nmade a significant attenpt to try to

include a nore fair and equitable distribution of risk.
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DR SIEGAL: Are there any other questions?

DR PICKERING | think Dr. Landow, earlier this
norning, referred to a possible high proportion of patients
who had brain injury, if I heard himright, and yet
penetrating head injury is an exclusion criterion. Could
you clarify that?

DR FREILICH W expect, based on the trauma
regi stry anal yses, that about a third of our patients wll
have TBI. The problemis, we have no penetrating TBI
preclinical data. M own opinion is that naybe it should
be rel axed, once the protocol gets going, if penetrating
TBI data becone available. But right now all four HBOC-201
studi es and the one HBOC- 301 study that have been conpl eted
are in blunt TBI.

DR. KATZ: | was going to say that there’ s an
el ephant in the room but there’'s not; there’s a pig in the
room a big pig. |If pigs were people, lowa and North
Carolina would control the House of Representatives and the
Senate woul d | ook substantially nore rational. [Laughter]

When | got the briefing material, | tried to go
to the literature and find out why we think pigs are valid
trauma surrogates for humans. | didn’t find a | ot of
stuff. What | found was pretty reassuring. But | think
t hat shoul d be addressed in the transcript. You should

talk a little bit about why we like pigs. Mst of your
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data are in pigs.

DR FREILICH Pigs are considered the standard
for cardi ovascul ar henodynam c trauma studies. They were
recommended -- | think in 2002, there was a preclinica
| arge gathering of specialists, and swi ne were consi dered
the appropriate animal. Wwy? | don’'t know that it is so
much nore cardi ovascul arly predictive than cani ne nodel s,
for exanple, which are used in cardiol ogy studies nore.
The overwhel mi ng data, no matter how you | ook at them in
the literature and that are accepted by reviewers are in
pigs. But | can’t personally say that pigs are better than
sheep or better than rats or mce.

The | arge-ani mal nodel is inportant, because it
all ows you to conprehensively assess |CU-type data. A
critique of that m ght be, “You have swans, and you have
this and that, and all these pigs. You are not going to
have that in the EMS scenario in RESUS.” But none of the
i ntensi ve assessnents were used to change anything. They
were just for collection of data.

| don’t know if that answers your question

conpletely. | don’t honestly knowif it’s a better nodel
than others. 1t’s considered the standard of care.
DR. MANNO | have two questions. The first is,

what woul d happen upon reexposure to HBOC-201? M/ second

is, referring to slide 179, as a henmatol ogist, |I'm
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interested to understand the AE you described as jaundice.

DR FREILICH 1'mgoing to do nunber two first,
if that’s okay. Jaundice is, in nmy mnd, an intrinsic side
effect of all HBOCs. You see it in all patients. Wether
they, in fact, are jaundiced or they just turn yellow --
because HBOC turns everything yellow. Wen you open the
belly of the pigs who have gotten HBOC, the onentum the
onental fluid -- everything is yellow It’s just
everywhere. Jaundi ce woul d include, obviously, an el evated
bilirubin to prove that it truly is jaundice. That
happens. |It’s the same transient liver function test
abnornalities that you saw earlier in both aninmls and
humans.

In the histology studies, as | nmentioned, you do
see mld consistent hepatobiliary changes, very |owscale
severity. | think this is a mld adverse side effect of
HBCCs .

DR. MANNO But no concern about a henolytic
anem a as a result of infusion of the HBOC?

DR FREILICH No data to suggest that.

The first question was -- I'msorry, | forgot.

DR. MANNO \What happens upon reexposure to the
pr oduct ?

DR FREILICH  Are you asking about anti body

formati on?
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DR. MANNO  Yes.

DR, FREILICH In RESUS, obviously, that’s not
i nportant, because you are not going to formantibodies in
m nutes to hours. Dr. Rentko, who is a veterinarian at
Bi opure, has sone data over prol onged exposures.

Do you want to conme up and provi de sone data,
pl ease? Do we need to cone back to that?

DR SIEGAL: In the neantinme, Tom Quinn has a
guesti on.

DR QUNN. |I'mon the learning curve here. Wth
HBOC- 201, a wel | - known nmechani sm of action is
vasoconstriction, which mght occur despite hypovol em a,
t hereby causing this false inpression of normal vol em a.
That is especially true when you are giving multiple doses.
It has a longer half-life. So upon arrival into the
energency departnent, obviously, the key is going to be,
what is the actual, true volunme |load in that individual at
that point? | didn’t hear you particularly address that.
The side effects we are hearing about, the adverse
events -- the decreased urine output, the cardiac |oad, and
so forth -- may be a reflection of that hypovol em a
despite normal bl ood pressures and ot her types of issues.

| think that was one of the concerns that FDA
raised in their presentation. But | didn’'t hear you quite

address that particul ar issue.
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DR FREILICH | would like to take a stab at
responding to that and then ask some of the critical-care
trauma surgeons, Dr. Kaplan and Dr. Dutton, to maybe cone
up and nake comrents as to what will happen in the trauna
bay.

The preclinical data do suggest, as you state,
the potential for |ower urine production, as well as | ower
cardiac output. But it’s very inportant to understand what
the pattern is. You don’'t see that in severe henorrhagic
shock. You see it in mld henorrhagi c shock, because --
not entirely, and there m ght be sone after-load effects --
mainly they are an artifact of the nodels, because the
nodel s only allow you to resuscitate either to pure
pressure-control |l ed nodels or ours always included heart
rate, too. But that doesn’'t happen in the clinic. You use
a thousand paranmeters. So the only tine that you end up
with consistent findings of relative oliguria, as you are
al luding to, and |l ower incidence of cardiac output is in
the | ower-severity nodels. Cbviously, the blood pressure
goes up a little bit. Soneone wote a protocol that says,
if the MAP hits 60, stop giving HBOC, and that’s what you
see.

So it’s actually back to the Starling curve, that
you have not repleted intravascul arly adequately. W feel

that there are going to be multiple paraneters, and | hope
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the clinicians can back that up.

DR. KAPLAN. This is really a nodel-artifact
guestion, as Dan has said. The only thing that happens in
the traunma bay is nore resuscitation. The standard is two
| arge-bore IVs. You get 2 liters of crystalloid. You get
this al nost as your entry ticket -- “hi, you cane into the
ED wi th henorrhagi c shock. Here you go.” The decision of
when to stop is one that we nake, not whether we should
conti nue.

This is a unique patient popul ation. They have
injuries, as well as vital signs, as well as physical
exam nation characteristics that say, “lI’m hypovol enic, and
| have consequences.” They nay be actively bl eeding. You
may wat ch their abdonen distend. They may be draining from
their chest tube. You have trenendous indicators that tell
you, “You need nore.” The concept of stopping in the
trauma bay and even considering allowing themto not get
nore woul d be nobst unusual .

Is that how that works at Shock Trauma as wel | ?

DR. DUTTON: Yes. Wat you are referring to is
t he phenonmenon of hypoperfusion -- that is, a normal bl ood
pressure, but inadequate actual tissue perfusion, due to
vasoconstriction. This is sonmething that all traum
patients do, to a | arge degree, anyway. The young healthy

urban warrior gets shot and vasoconstricts, often
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extrenely, and may cone in with a normal -1 ooking bl ood
pressure while still being two quarts down. W recognize
this. A lot of what we have | earned about taking care of
these patients in the trauma resuscitation and the OR in
the early going, has to do with getting beyond bl ood
pressure and heart rate and getting to actual indicators of
per f usi on.

Lew nenti oned some of them-- just visible blood
| oss, diagnostic tests that denonstrate bl ood | oss or
ongoi ng bl eeding, and the |aboratory tests. These are al
patients who get a blood gas as they conme in the door. W
can ook at their lactate. W can | ook at their base
deficit. W can draw concl usions about tissue perfusion,
rat her than bl ood pressure, and react accordingly. That’'s
one advantage we have in the hospital that they don’t have
prehospi tal .

DR. SIEGAL: Dr. Finnegan, and then Dr. Flem ng

DR. FI NNEGAN:. You have stated on several
occasions that the reason for looking for this is both
mlitary and nmass casualty, so there is either not bl ood
avai |l abl e or not sufficient blood available. Mst of those
are going to be blast injuries. Blast injuries, we know,
have a di stance effect on vascularity, and probably al so an
ef fect on henbstasis. Yet there is no blast nodel in your

preclinicals. 1Is there a reason for that?
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DR FREILICH Blast has becone a huge issue with
the mlitary. The Navy, with the Marine Corps, has a
significant research program They sinply haven't been
mat ched yet. W don’t have those data. So | can’t say in
bl ast injuries. None of the nodels wi th HBOC- 201 si rmul at ed
t hose.

The liver injuries, just to be specific, so you
know what they are, are a conbination of penetrating and

blunt. They are | aceration and conconitant crush.

DR FLEM NG Dr. Siegal, | guess | am |l ooking
for sone guidance here. | think Dr. Freilich’'s
presentation was very informative. | guess ny concern is,

we are al nost to noon, and rmuch of the day has been spent
i n sponsor presentation. There are a nunber of issues that
| know | have with Dr. Freilich's presentation, in terns of
different interpretations that I would really like to have
clarification about, different interpretations about the
convi nci ngness of your data that when you go to a younger
age, you will have fewer safety risks and that your ani nal
results are truly providing some interpretable rel evant
insights, and the interpretation that you gave to the South
Africa data and the excess SAE scores, where | am coni ng
out with different results.

Just pursuing these with Dr. Freilich will take

at least 15 to 20 mnutes. | presunme this isn't the best
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time. Is that right?

DR SIEGAL: | think probably we had better wait
on that.

DR FLEM NG This isn’t unique on advisory
committees. | have often stated the concern that we spend

an awful ot of tinme hearing the sponsor’s presentation,

whi ch we have al ready read, where | amreally nost
interested in hearing ny coll eagues’ interpretations and
getting issues out. | really hope we are building in a |ot
of time for discussion, because there are a | ot of insights
that 1| need to gain fromny coll eagues and a | ot of issues
that 1| would like to raise about the data as they are being
presented, relative to ny understandi ng of the data.

DR SIEGAL: Just to reassure you, we have
essentially the entire afternoon to discuss this openly, in
open sessi on.

DR FLEM NG | note that we are an hour behind.

DR SIEGAL: W are, | know.

DR. HAUSER: A sinple, one-word question: Are
you using in your fornulation racenmic or L-lactate?

DR FREILICH This went back and forth with the
FDA. The current fornulation of HBOC-201 is racemc.
Therefore, we don’t stipulate whatever the standard is
| ocal ly.

DR. SIEGAL: Any other questions?
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DR. KLEIN. | have a | ot of questions as well. |
think maybe | will hold themfor this afternoon.
DR. HINTZE: | think there are increasing data to

suggest that oxygen radical production goes up with age,
and ol der peopl e have enzymes -- for instance, NADPH

oxi dase and xant hi ne oxi dase -- that are not there, because
t hey al so scavenge nitric oxide or there is a concomtant
down-regul ation of nitric oxide synthase with age. | think
both of those facts suggest that the aged popul ati on, even
t he non-exercising population, will be very different from
a young, healthy group. So |I think your NO bioactivity,

t he vasoconstriction that you show, sinply is pointing out

that NOis vulnerable in these circunstances. | think with
age it’s much nore vulnerable. | think that’s al nbst dogma
now.

So | amnot surprised that ol der patients have a
di fferent response to HBOC-201 than do younger patients,
who are young and heal thy and exerci se and have a big eNGCS.

DR FREILICH | agree. | nust say that |’ m not
positive that the fact that bl ood pressure responses are
hi gher in older patients and the fact that you have a
hi gher potential for oxidative danage necessarily connect.
But they m ght.

DR SIEGAL: Hopefully, that’s all the questions

we have for now There is one nore?



158

DR. SZYMANSKI: Yes. Dr. Freilich, you showed a
very interesting slide, titled “Vasoactivity Is
Characteristics of All HBOCs.” Then you showed that the
HBOC- 201 has the | owest vasoconstrictive activity. 1Is that
really the true neaning of this slide? Wy would that be?

DR FREILICH | didn't say that it was | owest.
What | said is it’s lower than DCLHb. W have a bunch of
backup slides that | would be delighted to put up whenever
you want .

After FDA made the comment that DCLHb and HBOC-
201 are vasoactive products, it pronpted NVMRC to conplete a
conprehensi ve ani mal study | ooking specifically at
tetrameric henogl obin. W took Oxygl obin, we then took
HBOC- 201 -- so now 32 percent and 3 percent -- and then we
actual ly manufactured the same HBOC-201 with only .4
percent tetrameric henogl obin. There was a clear
difference. The 1 to 3, which is HBOC 201, and the .4 had
statistically significantly fewer vasoactive responses, if
you will accept that blood pressure responses are probably
vasoactive, in conparison to the 30-sonething percent.

W didn't do 100 percent at the sane tine, but
Dr. Yu [phonetic] recently published that 100 percent is
nore than 30 and 70. The accumrul ating data are very clear
that there is a consistent pattern, that elimnation of

tetrameric henogl obin mnimzes vasoactivity. But there
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m ght be a threshold where you can keep cutting it out and
it doesn’'t nmatter anynore.

DR SZYMANSKI : \What about the extravasation of
t hi s henogl obi n, HBOC-2017?

DR. FREILICH It’s the sane thing. The t%¥
i ncreases when you polynerize it. HBOC- 201 has a 19-hour
half-life. | honestly don’t know the nunber for DCLHb. My
conjecture is that it’s shorter

DR SZYMANSKI: The size of the nolecule
apparently interferes with extravasation. |Is this a |large
size?

DR FREILICH Yes. The mean is approximtely
256 kd. It is theorized that that is the reason for |ess
vasoactivity, in that the large size precludes
extravasation to nitric oxi de and guanyl cyclase and that
whol e nmechani sm

DR SZYMANSKI :  Thanks.

DR SIEGAL: | think at this point --

DR FREILICH W may have an answer to one of
your questions.

DR SIEGAL: All right, I guess we could take
t hat now and then adjourn for | unch.

DR. RENTKG [Slide] Regarding repeat
adm ni stration of Hemopure, | will call your attention to

the three nultiple-dose studies, two preclinical and then
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in a volunteer patient study. You will see that there are
three different products that are listed. They are al
based on the sanme bovi ne henogl obin, so we consider the

i mrunogenicity simlar anongst all three of these products.
The 301 is the veterinary product and the H1S is an
earlier fornul ation.

Basi cal ly, repeat-dose studies, in both patients
and ani mal studies, showed that antibodi es do devel op, 1gG
anti bodies. They are not neutralizing. |t appears that an
i mmune-tol erance type of phenomenon occurs. W hypot hesi ze
that that’s related to the fact that we are giving gram
guantities of a protein via an intravenous route, which is
not a good i mrunogenic route. No serum sickness occurred
and no i mmune conpl ex deposition occurred, at least in the
preclinical studies in which we eval uated the
hi st opat hol ogy.

DR SIEGAL: Thank you very nuch

At this time, FDA has requested that we adjourn
for lunch, so that we can start fresh with their view of
this, before the open session. Please try to be back in an
hour .

(Thereupon, at 12:10 p.m, the neeting was

adj ourned, to reconvene at 1:05 p.m, the sanme day.)
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AFTERNOON SESSI ON

DR SIEGAL: There are a couple of things that we
are going to come up with in our consideration of the
guestions. Question 3 is going to be restated for the
committee at some point. There are also a couple of
witten statenents that we will read prior to the FDA open
publ i ¢ heari ng.

Ri ght now we are going to go back to the FDA
consi derations, starting with studies in ani mal nodel s of
henorrhagi ¢ shock. The first speaker will be John Hess,

t he second Thomas Hintze, and the third Carl Hauser.

Agenda Item  Studies of HBOC-201 in Ani mal
Model s of Henorrhagi ¢ Shock

DR. HESS: Thank you.

| am Rick Dutton’s blood banker. 1In a previous
exi stence, | ran the U S. Arny’s bl ood product devel opnent
program | point out that the Arnmy spent about $100
mllion to develop the field of henogl obi n-based bl ood

substitutes, investing nostly in chemstry, in industrial
devel opnent, and in toxicology. Wen the field had been
wel | -sown with conmercial and private noney, we |eft the
activity.

During the sane tine, the U S. Arny spent another
$100 million to develop the swine as a nodel in bionedical

research. It was a congressional rule that basically said
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that we could only use dogs, companion ani mals, when there
weren’t reasonable alternatives, and a series of
investigators, largely successfully, conpleted that
activity. The dog is nowonly rarely used. W devel oped
resuscitation fluids, such as hypertonic saline, dextran,
really pioneered the field of hypotensive resuscitation,
wor ked out issues in henpglobin toxicity and henorrhage-
control drugs and devi ces.

During that process, we |earned several inportant
facts about pigs. Two of themreally play a role in
under standi ng these studies. Pigs are relatively anenic.
They start with a hematocrit of about 30. They die when
their hematocrit gets down to 9, which neans you can only
exchange one bl ood volune in them a 70 percent reduction,
and they die.

In the Navy' s pig henmorrhage and brain-injury
study, they gave the animals a fluid percussion injury,
resected 50 percent of the liver |obe. They treated sone
of the animals with Ringer’s lactate at 20 nlL every 15
m nutes for an hour. The HBOC group was treated at 10 nL
every 15 minutes for an hour. 1In the group that was
del ayed for 30 minutes, there were no significant
differences. In the 75-m nute delay group, there was a
mar ked nortality at about 75 minutes in the Ringer’s

| actate-treated group.
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Thi s occurs because the hematocrit falls rather
pronptly under those circunstances to 9 and the aninals die
of henodilution. Here are the actual anounts of vol une
that were given in the study. You can see that, as the
bl ood pressure is maintained as a pharnmacol ogi c ef fect of
t he henogl obin, they are getting successively |ess anounts
of henogl obin, but they get the full 80 nL of Ringer’s
lactate and are dil uted.

A nodel like this relay doesn’'t reflect current
t hi nki ng on volunme adninistration in the brain-injured.

The nodel really doesn’'t test the efficacy of the

henogl obi n agai nst equi val ent volunmes of the fluid it comnes
in. It really sets up conditions that kill the animal in
the control group. So there is this marked falloff at 60
m nutes. But the real question the study raises is, why do
t he henogl obi n-resuscitated animals, in fact, die 15

m nutes after they get to the hospital? Do they, in fact,
suffer fromthis hypoperfusion syndrome and it is actually
caused by the drug? The study doesn’t critically eval uate
t hat .

A second study by King, Steve Cohn, and Keith
Proctor, another traumatic brain injury nodel, again used
bl ood pressure as a trigger for whether resuscitation
shoul d be given. Because the dilution |leads to | ow bl ood

pressure and pigs naturally drop their blood pressure, the
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pigs continued to get fluid throughout the study,
ultimately getting the equival ent of 20 quarts of water in
a 70-kilogram person. This is associated with swelling in
the injured brain and bad outcomes. Here are the brain
pressures that result fromgiving 20 liters equival ent of
fluid.

Agai n, these nodels sinply don't reflect current
t hi nki ng on volume adnministration to the brain-injured. It
doesn’t test the efficacy of the drug agai nst equival ent
vol unes of fluid. W have now conme to have very fine
guidelines in the Brain Trauma Foundati on about what should
be done with brain-injured people. The nodels just don’t
reflect that.

Just in sunmary, a large series of 16 studies
tended not to address physiologically inportant questions
about known toxicities of HBOCs. W discovered and
publ i shed a whol e series of known toxicities of henogl obin-
based bl ood substitutes in the early 1990s. Baxter went on
and conducted a | arge nunber of animal studies, all of
whi ch showed that their al pha-al pha cross-1inked henogl obin
woul d performvery well, by setting up studies very nuch
like this, where they conpared the drug and used the
pressure to drive physiologic differences that woul d
ultimately | ead to good or bad outcones in groups that

really had nothing to do with oxygen transport.
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Wth that point, | will stop.

DR SIEGAL: Are there any questions for Dr.
Hess?

DR. SVENSON: |I'mnot totally clear on what you
are getting at. |Is this an issue of volunmes of
distribution of |actated Ringer’s versus the HBOCs, and
that’s not what is being controlled for?

DR HESS: The added volunme will drive additional
henmorrhage, and the volunme will go in, cause brain
swel ling. But very small volunes of the henogl obin cause
an increase in blood pressure. |f you design a nodel where
you are treating hypotension, you can set up a situation
where the treated aninmals get a relatively small vol une and
the control animals get a very large volune, and the |arge
volume itself is what drives the failure of the nodel.

DR. SVENSON. Could you tell us, then, how you
woul d design the experinent, to get at the points you think
shoul d have been attended to?

DR. HESS: W have now cone to realize that no
resuscitation is bad and a | ot of resuscitation is bad.

One seeks for sone internmediate point. An obvious one is
t he sane volume as the carrier for the henoglobin. |Is the
henogl obi n any better than the water it is in?

DR. SIEGAL: Anyone el se?

[ No response]
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Dr. Hntze is a professor in the Departnent of
Physi ol ogy at New York Medi cal Coll ege.

DR. PROCTOR. Sir, may | be permtted to comment?
It was ny study that was reviewed up there and | just
wanted to correct a few factual --

DR SIEGAL: Could you please identify yoursel f?

DR. PROCTOR. M nanme is Ken Proctor. |’mfrom
the University of Mam.

That was HBOC- 301, not 201. There were actually
two control groups. One group got Ringer’s only, because
that was the control, but the other group got mannitol,
pressors, and a bl ood transfusion. Basically, what the
data showed was t hat HBOC-301 was equivalent to the group
that got standard of care, which included mannitol,
pressors, and a bl ood transfusion.

W also did a three-day survival study and showed
that the aninmals that got the blood substitute survived in
t he sane manner as the animals that got transfused.

But that was HBOC- 301.

DR SIEGAL: Thank you.

DR. HINTZE: | was asked by the FDA to reviewthe
| arge-aninmal studies. | didn't participate in the studies
that | amgoing to review, but | started out | ooking at
them froma technical point, |ooking for generalities, and

t hen goi ng back and having to reeval uate that.
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[Slide] MW first love is nitric oxide biology.
| tried to view what HBOCs do in terns of scavenging nitric
oxi de. W have heard a | ot today about NO affecting
vascul ar snooth muscle. It causes vasodilation; when it’s
absent, it causes vasoconstriction. Wthin the studies
that | reviewed, there were al so studi es designed to | ook
at white cell adhesion and platel et aggregati on. NO
inhibits both of these. Therefore, when NO is absent, you
tend to get thronmbus formation and tend to get white cel
adhesi on.

In addition, nitric oxide affects cytochrone
oxi dase in mtochondria, to reduce oxygen consunption. So
when NO i s absent, oxygen consunption and extraction
increase. |If henoglobin were to bind NO then this effect
on the mtochondria would increase tissue oxygenation by
causi ng a bi gger gradient for oxygen diffusion.

[Slide] Finally, nitric oxide controls, at |east
in the heart, glucose, fatty acid, and | actate uptake, by
phosphoryl ati ng a nunber of enzymes in internediary
nmet abol i sm

So al though we have been tal ki ng about NO as a
vasodi l ator, it has a nunber of other effects that have to
be consi der ed.

| also |looked at the data | was given in terns of

GQuyton curves. These are curves from GQuyton’s Text book of
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Physi ol ogy, showi ng what happens when you alter bl ood

vol une or when you alter vascular resistance. Normally, we
are on this black curve -- where the cardi ac out put

extrapol ated fromanimals to humans, by the way, of about
5.5 0or 6 liters a mnute. |If you reduce blood volune, you
shift the venous return curves downwards to the |eft,
resulting in a decrease in cardiac output and a decrease in
cardiac preload. Therefore, the heart gets snmaller and
noves down the front end of a Frank-Starling curve. |If you
repl eni sh the bl ood volune, then you nove back towards
normal , reestablishing the normal venous return and cardi ac
out put .

Because HBOCs are vasoconstrictors, you al so have
an effect of vasoconstriction, which is shown in this
curve. W nove fromnormal -- if you increase vascul ar
resi stance, cardi ac out put goes down again, but this tine
because resistance is high, not because blood volune is
reduced.

So the way | | ooked at these data was that they
are evidence that cardi ac output was reduced because of
this, and then the vasoconstrictor properties of henpgl obin
agai n causi ng cardiac output to be down, as you have an
i ncrease in vascul ar resistance.

The way | | ooked at the data in a scientific

sense was in terns of nitric oxide bioavailability, and
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secondly, in terns of Guydon’s curves regul ating resistance
in bl ood vol une.

[Slide] | did sone studies previously with the

Bi opure HBOC-301. Maria Gawyl was the person at Bi opure
at the tine. W |ooked at the effects of bovine
pol ymeri zed henogl obin in chronically instrunented
consci ous dogs. |In one of the studies, we matched the
hypertension to HBOC with angiotensin and then | ooked at
cardi ac oxygen consunption and substrate use, et cetera.
I f you do this, what you can see is that WGQ, is higher in
t he presence of a henogl obin. Oxygen consunption per unit
work is also higher. This is because henogl obin bi nds NO
that no | onger regul ates cytochronme oxi dase.

The fact that oxygen consunption is higher sinply
nmeans that oxygen extraction is bigger, so that henpgl obin
is pronoting oxygen extraction by affecting mtochondria
i nside various cell types.

W | ooked at fatty acid, glucose, and | actate
uptake in the heart. Fatty acid uptake goes down; |actate
upt ake and gl ucose uptake increase. This is very typical.
| f you give an NO synthase inhibitor, the heart sw tches
fromfatty acids to glucose. This is another effect that
we should think about. The jury is still out as to whether
switching the heart fromfatty acids to glucose is a good

or bad thing. Be that as it may, all of our dogs survived
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t hese protocols and were healthy, as far as | could tell.

[Slide] To look at the data that | was given,
the 20 papers or so that | analyzed, | did it based on a
coupl e of assunptions:

e Transit tine to the hospital is short.

e This seens silly, but survival for |ong periods
i ncl udes survival for short periods.

e Preclinical RESUS will not be technically
sophi sti cat ed.

* Neutral HBOC-201 is not bad.

 Based on Denetriades, who is not here, nost of
the nortality occurs early.

e Wth blunt trauma, about 30 percent die in the
first hour, another 18 percent die in one to six hours. So
to do sonething quickly is probably inportant.

[Slide] These are the Denetriades data, just
showi ng where nortality occurs. This is the sort of
analysis that | did. | took a |l arge nunber of studies and
| started | ooking at trying to make generali zati ons.

[Slide] Things that you haven't heard today:

Al'l of the pig studies were done in anesthetized pigs, with
i sof | urane anesthesia. Sone of the pigs were paral yzed.
Sonme of them were ventilated. Sone of them got |ots of
oxygen. Some of them got atropine. Now, atropine is going

to be problematic, because it’s going to nake heart rate
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high, it’s going to nake the heart smaller, and it’s going
to prevent any bradycardias that m ght be seen as part of
t he conpensatory -- or used to eval uate henogl obin’s
pressor effects.

Sonme of the animals were fermale. Some of them
had a | aparotony on top of other things. Sone of them had
t he spleen renmoved. Because the spleen is an organ that
can expel bl ood during henorrhage, that actually becane a
consi derati on.

Some of the animals got |idocaine. One group had
Ascaris and was still used.

[Slide] | went back to | ook at baseline data for
these studies to try to see if the variability that | was
readi ng was determ ned by the baseline. |f you | ook at
cardi ac output, they vary from7 to 9 L/mn in sone of
t hese animals, down to 3.8. Wen you nornalize to cardiac
index to get in surface area, there is still a good
variability. Mean arterial pressures, before you did
anything to the animals, ranged from75 to 100 or 120.
Heart rates varied from80 to 60 to 140 in the presence of
atropine, to 120 to 160 in the presence of atropine. 115
or 126 seens to be just naturally high.

[Slide] [If you look at the remaining studies,
heart rate is generally high and arterial pressure is

generally low. So you are already starting at a fairly |ow
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cardiac output, low arterial pressure, high heart rate or
vari abl e heart rate in nany of the studies.

[Slide] | started | ooking at the conmpound and
sinply | ooking at survival. The upshot of this is that the
ani mal s who got henogl obi n survived better, in ny opinion,
than the ones who did not. This is a listing of all the
studies. For instance, over here, seven of eight survived
for four hours, seven of eight survived 72, and only one of
eight with Hex survived. So the generalization | would
make is that the aninmals survive better, despite the fact
that they were anesthetized and had vari ous regi nens
associated with that.

[Slide] The conclusions that | woul d rmake:

e« All or many of the studies in pigs use
anest hesia, ventilation, paralysis, splenectony,
| aparotony, ventilation with oxygen, and especially used
atropine, which | think is probably to prevent tracheal
secretions, but it has nmany other effects.

 Henorrhage was al nost al ways sterile.

e The fluid was often warned and the pig was
war med.

« Measurenents of cardiac output and heart rate
were variable prior to henorrhage due to the anesthesia, et
cetera, even when normalized to cardi ac index.

e It is obvious that all henogl obin solutions are
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not the same. The diaspirin henoglobin and pol yhenogl obin
are obviously different, and I think to the point where
HBOC- 201 and 301 shoul d be consi dered separately.

e The nature of the invasive nmeasurenents during
the preclinical phase confounds the conclusion to sone
degree and will not be used in RESUS.

» The renoval of blood fromthe abdonmen in
experimental studies to nmeasure total henorrhage volune is
unl i ke RESUS and may prevent pressure frombuilding up in
t he abdonen, to help with clotting.

* In many instances, HBOC is administered to a
fixed volune and certainly not to a high systolic pressure.
Dr. Freilich nentioned this as well.

[Slide] So ny concl usions would be:

* In general, the use of HBOC- 201 increased
survival to sinulated hospital arrival and | onger peri ods.

e The results are fairly uniform across nodel s.

* The results are applicable to varying tinmes of
treatment and to hospital arrival

e Cenerally, the use of HBOC to support pressure
to various levels -- 50, 60, 70; in RESUS, it will be not
hi gher than 120 -- is beneficial.

e Cenerally, less fluid is needed for
resuscitation when giving HBOC

e Cenerally, there appears to be
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vasoconstriction. Either pressure rises nore or cal cul ated
resi stance rises nore.

e There may be some utility in nmeasuring |actate,
but it depends on howlong it will take to get to the
hospi t al

e The histology fromthe papers that | read seens
to indicate mnimal damage in nost organ systenms, and what
darmage there was, was not carefully organized.

What | tried to do was | ook at these studies with
acritical eye. | don’'t nean that the use of anesthesia,
et cetera, is alarge criticism It obviously has to be
done for experinmental purposes, but it also has to be
consi dered when we think about the inplications of the
studi es that we heard about today.

DR. SIEGAL: Thank you. Any questions for Dr.

H nt ze?

DR. KLEIN: The issue of anesthesia is one, |
think, that is extraordinarily inportant. W heard a | ot
this norni ng about vasoconstriction. 1, for one, amless
concerned about the systolic blood pressure, especially
when the rises are small, or the pul nonary artery pressure
than | am about vasoconstriction in the mcrocircul ation
and what m ght happen in areas that becone quite hypoxic
that ordinarily m ght not.

| am wonderi ng whet her you have any way of
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telling us whether the use of anesthesia in these nodels
m ght change the microcirculation so that the potenti al
adverse effect mght be mtigated in this particular nodel.

DR HINTZE: I'mreally a basic scientist. You
are going to have to get an anesthesiologist to tell you
what isoflurane did. But certainly if there is a |arge
synpat hetic effect associated with that or it rel eases
circulating catechol am nes to cause peri pheral
vasoconstriction, it would be a problem But | can’t
eval uate that technically.

DR. PI CKERING A question about the bl ood
pressures. | think in the animal nodels they are referring
to mean arterial pressure. |Is that right?

DR. HI NTZE: Correct.

DR. PICKERING \Whereas in the human studi es,

it’s systolic pressure. So if you had a nmean pressure of

80 millinmeters in a pig, what would the systolic pressure
be?

DR HINTZE: | don’t know the answer to that. |
woul d think 110 or so. | can’'t tell you specifically.

DR. FINNEGAN: Can you give us sone idea of
whet her isoflurane has an effect on nitrous oxide?

DR HINTZE: | don’'t think so. | don’t know the
answer to that. | have not heard that.

DR. SVWENSON. There is quite a bit of literature
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to show that many of these fluorinated anesthetic gases
have inportant effects on antioxidant and radical injury,
and even an energing literature that they may be quite
protective in ischem a reperfusion injuries.

DR. HI NTZE: The comment that | made this norning
to Dr. Freilich -- the amount of superoxide around from any
source, in the young versus old, versus various sorts of
anesthetics or drugs that m ght be used, is critically
inmportant in terns of NO bioactivity. So, yes, it would be
i mportant.

DR. KAPLAN: One of the issues with anesthesia is
that for this patient popul ation, especially those that
have henorrhagi c shock that arrive at the emergency
departnment, they may end up with an anesthetic truly within
m nutes, as part of their care plan.

DR. HINTZE: The problemis, RESUS is
prehospital. Mst of what | evaluated was fromthe tine
t hey got the henorrhage to the tinme they got to the place
where they could get red blood cells. | think my comments
are directly related to that initial phase that RESUS is
i mportant for.

DR CRYER. If | could just comment on Dr.
Klein s question, nost general anesthetics would performon
a synpat hectony, essentially, so they would vasodil ate

everything. Then you would be working fromthere. | guess
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the potential downside of that is, if you vasoconstricted
nore during -- of course, anybody comng in with bad
hypovol emia is also going to be maximally vasoconstri cted.
So addi ng a vasoconstrictor shouldn’t do too nuch. But
whet her there is a confounding effect when you rel ease that
vasoconstriction with a general anesthetic remains to be --
it is a potential confounder.

DR SIEGAL: Carl Hauser.

DR. HAUSER: |'m Carl Hauser. Don Jehn gave ne
t he unenvi abl e task, after considerabl e discussion, of
trying to translate some of the preclinical data fromthe
ani mal stuff to human studi es.

| ama trauma surgeon, for those of you who don’t
know me. | also do basic science. | have been interested
i n henogl obin resuscitation since |l was in WII| Shoemaker’s
lab in about 1977-78. So this is old, famliar territory
to me, including the hypertension and all that stuff.

In any case, our job here is to assess, from our
point of view, for the panel, as | see it, the efficacy of
HBOCs as a resuscitation fluid. They fill two roles, and
they are separate. One is a volunme expander, and they are
coll oid vol une expanders. The other is that they are
oxygen carriers. The other is to assess for potenti al
harnful effects in aninmal nodels, in the ways that we have

di scussed before.



178

In order to nodel outcome predictions, we have to
say, “What are the potential benefits to humans of these
effects? What are the potential harns to humans,” and try
to predict some of the AEs that nmay occur in the RESUS
trial and then determ ne whether waiver of consent was
really warranted and, to a certain extent, to use this
neeting as an opportunity to inprove the transl ational
process with respect to acute care studies.

| think the last thing we really need to discuss
i s which popul ations should be tested. That’'s for going
forward as nmuch as anything el se. Those are the
popul ations with the nost benefit and | east ri sk.

| nmust say that | wote these slides before sone
of these other issues were addressed by the study group, in
the interimbetween the last time we were supposed to do

this and this tine.

In terns of the nodeling paranmeters that | | ooked
at, | looked at whether they were controlled or
uncontrol |l ed henorrhage. | |ooked at the depth and
duration of the shock -- and | |ooked at all of the
papers -- the inclusion or exclusion of associated tissue
trauma, which will be extrenely inportant in terns of the

ani mal s’ i mmune response, and to what extent the clinical
resuscitation protocols may reproduce what will be done in

the field, and also to | ook at the undesirabl e effects.
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think we have to recogni ze that undesirable effects with
this, like with any drug, are inevitable. The question is,
does the punishrment fit the crinme?

Lastly, | think we have to say how hunmans shoul d
be tested. | think it’s fair enough to say that the
clinical studies should reflect the aninmal data, to the
extent that they point us in the right direction, and they
shoul d not reflect marketing concerns or client concerns,
such as carry weight for paranmedics in the field. That's
not the way that we should be doing science. That’'s the
way we should be doing, in ny estimation, |ate-phase
studi es, 3Bs.

W have to answer here, what are the popul ations
that we should be | ooking at going forward? Wat are the
applications we should be looking at? Are they urban? Are
they rural? Are they far-forward use? Wat are the
appropriate conparators, and are they appropriate in the
study? What are the appropriate endpoints that we shoul d
be | ooking at? W should be |ooking at nitric oxide
vasoconstriction side effects. | won't call these adverse
effects; | will call themside effects. They are expected.
The question is, are they going to be a net win-win or are
they going to be a net lose? That’'s what we have to focus
on.

In terns of the physiology -- just ny overview,
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goi ng over all of these studies -- what | found -- and this
is ny inpression, |looking at | don’t know how nany papers.

| can’t count that high. Being a surgeon, | don’t have
that many fingers.

The HBOCs clearly produced hi gher blood pressures
than either lactated Ringer’s or Hextend. But the cardiac
i ndex and oxygen delivery were often lower. Unfortunately,
the SVR was often unreported in these trials, and shoul d
have been reported. | had to back-cal culate themin ny
head. | can back-calculate them They were unifornly
hi gher than SVRs. This did appear to have an effect on
hepatic bl eeding. However, in terms of vol une
resuscitation, there was unifornmy better vol une
resuscitation in the trials. That is, of course, an
expected effect, because at two-to-one versus four-to-one,
whi ch woul d be appropriate for a colloid versus a
crystalloid, that is basically witten into the protocol.
So you can't really say that there is any indication of
benefit fromthat respect.

In terns of nortality, nmy inpression, like Dr.
Hintze, was that there was a nortality difference. 1In ny
general appreciation, it was nostly in the severe shock
preps that that was concentr at ed.

However, nortality does depend on henogl obin. As

was pointed out, these pigs die as they becone anenmic. In



181

t hat sense, one nodel really stands out, and that was the
Carolina nodel, in reading through all the papers, which
was a const ant - bl ood- | oss/ const ant - fl ui d-r epl acenent
protocol. That really, to ne, does nost closely replicate
| ong-di stance, which is either rural or delayed urban or
mlitary, scenarios. |In those cases, the HBOC clearly

al l owed for survival, as the hematocrit gets to very | ow
nunbers. It therefore indicated to nme that it may be of
cruci al benefit in |ong-distance transports.

In terns of the inmmunol ogy and pat hol ogy dat a,
didn’'t really see nmuch difference. Lung pathol ogy wasn’t
much different, except in the severe, uncontrolled
henmorrhage. But it was unclear to nme whether that was a
statistical aberration, because there was earlier death in
t he conparator groups. That has to be | ooked at very
carefully, because in the human group you woul d be using
ventilator-free days rather than the presence of pathol ogy
as your endpoint. So that needs to be | ooked at
differently going forward.

In terns of hepatic pathol ogy, there was a cl ear
transam naseni a and some chol estasis. |t probably was
related to decreased visceral perfusion. But so what? 1In
clinical reality, hepatic dysfunction al nost never
deternmines outcone in trauma patients.

In terns of significant differences in post-
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injury inflammatory events and ICU stays, | think it’s
unlikely to have an effect.

The next thing that | thought was inportant was
to | ook at coagul ati on and henpstasis. As other people
have said before, the PFA-100s, which are really the state
of the art in this -- and these were good studies -- do
show a clear HBOC effect. So there is sone coagul opat hy
associated with this drug. This will affect control,
eventually, of the primary injury. However, if you look in
t he studies, they | ook equivalent. Wy? Their conparators
are always Hextend. Hextend also creates a known
t hronbopathy. So this is a straw man and shoul d not have
been used.

However, although it mght be a significant issue
in clinical use, the reality is, corpses don't bleed. So
if the patient arrives at the medical center alive because
of HBOC allowing themto nmaintain a blood pressure and a
cardiac output, so be it; I will deal with the bl eeding.

The next issue that | |ooked at in conparison was
ti ssue oxygenation. These were actually rather
sophi sticated and conplex studies. | think it’s clear that
HBOCs do inprove tissue PO2. There are regional
di fferences, to be sure. Hepatic oxygenation appeared
worse. Brain appeared better. Injured brain appeared

better still. But there was no obvious increase of lactic
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acidosis or increase in base deficit, the way these trials
wer e done.

| could quibble a little about the way they were
mat ched and the fluids, but | don't think it was a big
deal. It clearly does suggest that there nmay be a possible
advantage to using these drugs in the trauma transport
arena, especially in patients with significant traumatic

brain injury.

The next thing | |ooked at was the nitric oxide
nmet abol i sm-- again, sonme rather sophisticated studies
done. | think it’s clear, as Tom H ntze pointed out, that

t hese drugs clearly do sunp nitric oxide. There are sone
di fferences between the different studies, based upon the
assays and whet her you assay nitrates and nitrites or S-
nitrosylation. However, in nmy judgnent, |ooking at this
versus the others, | think it’'s fairly clear that the
vasoconstriction does seemto be |ess than prior
henogl obi ns, but there is no way to figure this out except
to look at it clinically and see how it plays out. W are
not going to be able to predict this.

In terns of predicted benefits, ny judgnent is,
reading all these papers, that it will be potentially
useful, especially in extrene anenmi a and prol onged
transports. Secondly, the volume expansion benefits and

bl ood pressure effects may be useful, especially in
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traumatic brain injury. | did not see a clear excessive
nitric oxide sunp effect. | think these drugs are |ikely
to cause coagul opathy, but so are all the other fluids that
we use, especially with dilution.

So ny inpression is, on those bases, that
exenption from consent appears to ne to be warrant ed.

In terms of concern for AEs, there are no obvious
excess AEs in the animal trials. | think we will have to
wat ch for acidosis in human trials. | think what we w |
have to watch for very carefully is that the distribution
of MOF events postoperatively may change. They may change
away fromlung injury towards splanchnic-hepatic injuries.
But in survivors, this will be an expected and wel coned
di sease of survivorship. |'mhappy to take care of live
patients in the I CU who have MOF if they woul d have died
ot herw se.

| think we should avoid the preclinical
resuscitation bias. W should recognize that these are
colloids; they are not crystalloids. The EMIs, as in the

trials here have pointed out, have to titrate in the field

to effect. | think the two-to-one or four-to-one should
not be used as a basis. It should be pure titration to
effect.

As a last comrent -- this is fromme -- | think

it’s unfortunate that the sponsors have to play to their
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clients and that the FDAis a client for them and so is
t he DOD, obviously. W should be | ooking at science here
and not at, particularly, getting the drug through the FDA.
| really appreciate the opportunity to interpret
these data with a group of true experts. | think that is a
real benefit of having a neeting like this. | think the
FDA woul d be wel |l -advised, in nmy hunble (or not so hunble)
opinion, to reward unspun data rather than the spun data
which tend to come fromthe sponsor, fromtheir animal
trials, and that the outsourcing, both of scientific

expertise and ethical expertise, such as is done here, wll

tend to insulate the FDA, | hope, frompolitical fallout.
My own personal opinion -- and | hope that the
i npression of the people here going forward will be that

wai ver of consent nmust be nore readily avail able, where the
preclinical data warrant, or else acute-care research in
the USA will die.

Thank you.

DR SIEGAL: Thank you, Dr. Hauser. Are there
any questions for Dr. Hauser?

DR KLEIN. Dr. Hauser, why do you think we saw
no severe adverse events in the aninmal data, and yet we
seemto have seen themin the human data that we were
shown?

DR. HAUSER: If | were to guess, it’s because
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what constitutes an adverse event in the human is nmuch nore
poorly drawn and much nore nebulous. | think a | ot of

t hi ngs have to get reported as adverse events which may not
be. You have, essentially, conplex patients with multiple
probl ens, rather than healthy sw ne.

| s hypertension an adverse effect? | would say,
no, it’s not if you have a head injury and if you have
increased intracranial pressure. Is it if you have
under |l yi ng cardi ac di sease and have three-vessel disease
and you need of fl oadi ng of your ventricle to all ow
subendocardi al perfusion? Yes, it is.

In the clinical realm we are forced to have a
big tent and assune all those things are adverse events,
and then have sonebody who is non-biased, such as a group
like this, presunmably, sort them out.

DR. SIEGAL: No further questions?

[ No response]

Thank you very much

Now we are going to hear the FDA assessnent from
Toby Silverman, MD, from whom we heard earlier

Agenda Item FDA Assessnent

DR SILVERMAN. |'mgoing to try to give just
such an unbi ased opi ni on.

Again, |’m Toby Silverman. |’mthe head of the

Clinical Review Branch that has responsibility, in the
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O fice of Blood, for reviewing this | ND

At the outset, | want to thank Dr. Landow, who is
an intensivist and anesthesiol ogist, for his work in
preparing a portion of the discussion about risk-mtigation
strategies for RESUS, and for his work in analyzing the
safety signals for this product.

[ SIide] FDA recognizes the inportant role that
oxygen therapeutic agents mght play in inproving outcones
in traumatic henorrhagi c shock and supports the devel opnent
of safe and effective agents for use in resuscitation. FDA
further recognizes that there is a critical unmet need for
i mproved outcones in both civilian and mlitary trauma.

[ SIide] The RESUS protocol proposes a conparison
bet ween HBOC- 201 and |l actated Ringer’s for the treatnent of
life-threatening post-traumatic henorrhage, with or wthout

blunt traumatic brain injury, in the urban anbul ance

setting. The product will be adm nistered in the
prehospital setting exclusively. Unused product will be
fini shed, but no new bags of product will be started after

arrival at the energency departnment. The study is to be
run under the provisions, as you have heard, of 21 CFR
50. 24, waiver frominforned consent.

The primary efficacy endpoint is a 15 percent
reduction in all-cause nortality at 28 days, from an

estimated 58.1 percent to 49.4 percent, with an al pha of
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0.045. The proposed sanple size is approximtely 1,130
subj ect s.

Finally, the RESUS protocol includes a Phase 2
50- subj ect random zed study of HBOC-201 versus control
(lactated Ringer’s) to assess the logistics and feasibility
of the study and the ability of the study to answer
ef fi cacy and safety outcone questions. It is also planned
that this feasibility study will be used to assess the
appropriateness of the entry criteria to target the desired
subj ect popul ati on.

[Slide] Gven the coormitment of FDA to
devel oping a safe and effective oxygen therapeutic for use
in trauma, we have to discuss the reasons for the clinical
hol d i nposed on the RESUS protocol. You have heard a
summary of this earlier today.

First, RESUS was placed on clinical hold because
of safety signals arising out of previous Phase 2 and Phase
3 studies perforned by Bi opure Corporation using HBOC- 201.
These safety concerns al so i nform FDA' s under st andi ng of
i ssues surroundi ng dosing and admi nistration of the
product. There is, as you will see, an excess of
clinically significant adverse events in all anal yses
performed by FDA for the clinical data roster of HBOC- 201.

There is a paucity of studies, and therefore data

both from preclinical studies and clinical studies, to
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support the proposed dosing and adm ni stration in RESUS.

The nortality estimate, based on the RESUS entry
criteria, has a wide variability in projected risk of
nortality for individual subjects to be enrolled in the
RESUS trial .

The magni tude of the treatnent effect cannot be
derived from ani mal studies.

[Slide] The significant and serious adverse
events observed in previous trials, the uncertainty of the
treatment effect, and the wide variability in expected
nortality for individual subjects to be enrolled into the
RESUS trial all serve to make a determination of a positive
benefit-to-risk ratio very difficult and may even precl ude
such a determ nation

Finally, it is the opinion of FDA that the risk-
mtigation strategies proposed by NVRC do not fully
mtigate the risks of the product, for reasons that we wll
di scuss -- nanely, that the nonitoring and therapeutic
interventions may not suffice to offset the risks
associated with the use of the product.

[ Slide] FDA has expressed concerns about
restricting RESUS by age and excl udi ng subjects ol der than
69 years of age. These concerns go to the generalizability
of the data from RESUS to the overall trauma popul ation

whi ch includes an increasing nunber and percent of ol der
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subj ects. FDA al so expressed concerns about the
generalizability of RESUS to day-to-day trauma care. These
concerns are highlighted by the extraordi nary precautions
in training of EMS providers and hospital personnel in the
hopeful |l y safe use of HBOC-201 in severe trauma. The needs
for a Phase 2 feasibility study to eval uate whet her the
entry criteria select the appropriate and i ntended subject
popul ation and to evaluate |ogistical considerations for
the study all serve to enphasize this point. The ability
to obtain the requisite information fromwhich to cal cul ate
an RTS score real-tinme is also of concern

Despite the uncertainties that underlie the need
for a feasibility of this type, NVRC plans to conduct the
study under the provisions of 21 CFR 50.24, waiver from
informed consent. If it is found that the |ogistical and
feasibility concerns do not materialize, then data fromthe
Phase 2 study will be conbined with data fromthe Phase 3
study. |If, however, questions or issues arise out of the
Phase 2 study, then nodifications, as needed, will be made
before starting the Phase 3 trial.

FDA and NVRC wi || have to di scuss whether this
Phase 2 feasibility study conmports with the requirenents of
21 CFR 50.24, that the study hold out the prospect of
direct benefit to the subjects enrolled in the particul ar

st udy.
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[Slide] Before we discuss safety, it is
necessary to discuss certain issues related to data
collection. Inits Conplete Review |letter of July 30,
2003, FDA document ed nunerous deficiencies in the conduct
of the pivotal trial, HEM 0115. These deficiencies are
noted on this slide and are related to good cli nical
practice, data quality, data conpleteness, and difficulties
i n assessing and verifying the seriousness and frequency of
adverse events. There were critical issues related to the
| abor at ory dat abase because of conm ngling of central -
| aboratory and individual -site informati on. Biopure has
undertaken an extensive effort with regard to the clinical
| aboratory data to separate central fromsite | aboratory
dat a.

[Slide] Because of the |imtations of the
dat abases that were anal yzed, the dataset provided to you,
to be discussed today, represents a mninmumestimte of the
adverse-event information. For purposes of discussion at
this advisory commttee neeting, FDA will be presenting
information on adverse events and serious adverse events
derived froma consensus safety database devel oped toget her
with Biopure. FDA and Biopure differ on the adjudication
of a few cases, which will be highlighted in the FDA
t abl es.

[Slide] First, it was assuned a priori that a
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rigorous statistical assessnent of differences between
HBOC- 201 and control for a particul ar adverse event woul d
not be possi bl e because of small sanple sizes, even for
HEM 0115.

Second, adverse events and serious adverse events
were expected to occur with | ow frequency, as the subjects
of these clinical trials were either normal volunteers or
wer e undergoi ng el ective procedures from which they
expected to enmerge intact.

Adverse events were expected to occur with | ow
frequency in any one particular study, and it was the
stated intent of the conpany to conduct studies of
sufficiently simlar design to pernmit the pooling of safety
data. Data were pooled to achieve a |arger sanple size
fromwhich to estimate the frequency of | owincidence
events.

[Slide] It should be noted that subjects in
previ ous studies, including HEM 0115, were stable,
nmedically cleared to undergo the various procedures, judged
not to be at excess cardi ovascul ar risk, and were nonitored
and treated according to standard care. The study designs
were generally simlar, in that HBOC-201 or control was
adm nistered to subjects at a target henogl obin bel ow a
predefined threshold level, with or wthout other signs of

synptonms of anemia, or after a fixed volunme of blood | oss.
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In all surgery studies, red blood cells were avail able as
needed in both treatnent groups. Crystalloid and colloid
were avail abl e as needed in both groups. The studies al

i ncl uded an eval uation of safety and tolerability in
conparison to control. In fact, for many of the
crystalloid/colloid-controlled studies, safety was the
pri mary endpoi nt of the study.

Sone of the studies -- in fact, nost of the
studies -- also included as a secondary endpoi nt effect on
al | ogeneic red bl ood cell usage.

[Slide] Trends seen in the pool ed dat abase had
been seen at | ower nunbers in the individual studies. In
addition, these sane trends were seen across studies that
differed in the types of control solutions used. So the
pool ed anal ysis showed safety signals already noted in the
various individual Phase 2 studies leading up to the
pi votal HEM 0115 study and identified new concerns, such as
myocardi al infarction, renal failure requiring dialysis,
and CVA, for further analysis.

[Slide] This is a rather conplex slide, but what
| want to show you here is that the groupings | will be
showi ng you were devised by FDA to categorize individual
coded categories into nedically related and simlar events.
For exanpl e, cardiac arrest, cardi opul nonary arrest, and

ventricular fibrillation, which are separate MedDRA codes,
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were conmbined into a category called “Cardiac Arrest” to
enhance detection of safety signals.

This slide shows how cases of hypertension were
grouped. These are the categories, the MedDRA codi ngs, for
hypertension: hypertension, blood pressure increase,
hypertensive crisis, systolic hypertension, SVR increase,
mal i gnant hypertension, systolic blood pressure increase,
post op hypertensi on, and hypertensi on aggravated. As you
can see on the top line, in the crystalloid/coll oid-
controlled studies, it’'s 54, or 30.6 percent, versus 15,
11.5 percent. In the red blood cell-controlled studies,
it’s 64, of 12.1 percent, versus 32, for an overall of 118
versus 47.

Overall, there is an inbal ance agai nst HBOC- 201
for hypertension in both crystalloid/colloid-controlled
studies and red blood cell-controlled studies. FDA
conducted sim |l ar analyses for all organ systenms. The
results of these anal yses are sumari zed on the next few
sl i des.

[Slide] This slide tabulates clinically
i nportant adverse events that occurred in the overal
roster for HBOC-201. There are various control agents
agai nst whi ch HBOC- 201 was conpared, including
crystalloid/colloid and red cells. The studi es eval uated

| ow doses and ranged up to 300 grams, or 10 units,
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depending on the particular study. There were normal -
vol unt eer studies, as well as non-surgical studies.
However, the bulk of the data are derived from surgical
studi es, and study HEM 0115 represented approxi mately 48
percent of the subjects described in this particul ar table.

Brain, heart, lung, and kidney are represented on
this slide. There was al so an i nbal ance agai nst HBOC- 201
for other organ systens that are not on this slide. The
i ssue sumary provided to the advisory committee nenbers
contains a nore extensive conparison of HBOC-201 and
control. There is a consistent inbal ance agai nst HBOC- 201
in all major organ systens, including those |isted here.

| have highlighted the inbalances in the nunber
and percent of deaths for the overall database. These
deat hs occurred anmong subj ects who preoperatively were
nmedi cal |y stabl e and expected to energe intact from
what ever procedure they were undergoing. So the inbal ance
agai nst HBOC- 201 i s notabl e.

If we |ook at the types of severe and serious
adverse events that can lead to death, we see again
consi stent i nbal ances agai nst HBOC-201. | would like to
wal k you through that: nyocardial infarction; pneunoni a;
ARDS; stroke; oliguria; nost inportant, renal failure
necessitating dialysis.

[Slide] The first question that FDA asked was
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whet her the inbal ances observed in the overall database
coul d be expl ai ned by one study -- for exanple, HEM 0115 --
that contributed the najority of the data to the database.
The answer to this question, as seen on this slide, was no.
When the surgery studies were stratified by type of
control, the inbalances agai nst HBOC-201 are still evident,
as, for exanple, with the |actated R nger’s/Hespan-
controlled surgeries. Thus, there was still an
approximately 1 to 1.5 percent difference in the percent of
deat hs.

[Slide] The next question that FDA asked was
whet her the adverse-event inbal ance was age-dependent. As
this slide shows, the inbalance agai nst HBOC-201 is
apparent for subjects ol der and younger than 70 years of
age, the proposed RESUS cutoff. Although the absol ute
percents are higher for older individuals, as would be
expected, the inbal ances are still present in younger
subjects. This is true whether one is |ooking at death or
cardi ac di sease or pneunonia, and so forth down this slide.

[Slide] | noted earlier that I would discuss
unpool ed data. The foundation for the RESUS clinical hold
is based in large part on FDA s review of the BLS,
especially pivotal trial HEM 0115. HEM 0115 was a
mul ti center, random zed, single-blind, red blood cell-

controlled, parallel-group clinical trial conducted in 693
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subj ects, five of whom dropped out, undergoing el ective
ort hopedi ¢ surgery, who were random zed to receive either
HBOC- 201 or red blood cells at the first transfusion
deci si on.

[Slide] This slide, which again is rather
conpl ex, highlights the safety findings for HEM 0115. Just
as there is a consistent inbal ance agai nst HBOC- 201 when
conpared to all controls, so, too, is there a consistent
i mbal ance agai nst HBOC- 201 when anal yzed in the context of
HEM 0115. The sane trends energe, whether one is | ooking
at the overall roster or stratifying by age or presence or
absence of antecedent trauma. |t nust be renenbered that
the so-called trauma subjects were actually subjects who
wer e undergoi ng sem -elective fracture repair 24 to 48
hours after the trauna event and that these subjects were
stabl e and euvol emi c.

[Slide] The first suggestion by Bi opure that
many adverse events occurred because clinicians
adm ni stered | arge volunes of product in an attenpt to
rai se the total henogl obin concentration may be valid.
| naccur at e dosi ng gui delines and unrealistic expectations
led clinicians to increase infusion of product in an
attenpt to increase the total henogl obin. However, not al
of the adverse events are explained by this occurrence, as

not all clinicians made this attenpt.



