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To: Dr. Lawrence Landow 

Dr. Toby Silverman 

CBERiOffice of Blood Research and ReviewiDivision of Hematology 
1401 Rockville Pike; HFM-392 
Rockville, Maryland 20857 

Subject: BB-IND 12504:HBOC-201 (Polymerized Bovine Hemoglobin -B): 
Amendment SN0006 

Consultative reviews of seven trials of HBOC-201 in several porcine 
models of hemorrhagic shock (HS) to support clinical use in HS per 
RESUS 

CBER's office of blood research and review is taking the Navy's RESUS trial (Restore Effective 
SUrvixal in Shock in hemorrhagic shock ) of HBOC-201, currently on hold, to the Blood 
Products Advisory Committee on July 13,2006. The office requested a consultative review of 
several studies of HBOC-201, vs. 6% starch (HEX), lactated Ringers (LR), normal saline (SAL) 
or no fluid replacement (NON) in USUHS and NMRC porcine models of HS with or without 
important soft tissue injury. These studies were ~ntended to anticipate use of HBOC-210 to treat 
life-threatening traumatic HS, in the population at large, prior to hospital arrival and definitive 
resuscitation. This overview focused on aspects of the models and study design to be considered 
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in trying to extrapolate veterinary findings to clinical behavior and expectations. This reviewer 
sought correspondences and deviations vis a vis RESUS with respect to trauma setting; re- 
infusion criteria ; maximum dosages and rates of administration; extent of monitoring; 
interpretability and validity of findings (i.e., confounding factors); clin. chem.. and histologic 
evidence or  any re-perfusion injury i.e., excess injury in hex or LR-expanded swine vs. non- 
reperfused control -and any exacerbation by HBOC-201 (a theoretical concern with HBOCs); 
and identification of any prognostic endpoints or biomarkers. These opinions are incorporated in 
responses to the 9 questions asked by the consulting division regarding extent to which each 
study anticipates safety and efficacy in RESUS. 

('ontent of consult: 

Executive Summary 

Background 

General comments 

Overview of seven swine studies: response to Division questions. 

Appendix: RESUS protocol 

Executive Summarv/Overview: 
Ihe swlne HS models: Studies overviewed uniformly involved healthy juvenile swine which, 
prior to exsanguination to shock levels of hypotension and hypovolemia, were well hydrated, 
anesthetized, intubated, and mechanically ventilated - usually with oxygen enrichment, and after 
neuromuscular blockade. In all these regards, they deviate from RESUS. Important soft tissue 
iniurv. where protocol-specified. was confined to liver (crush/laceration). 

< .  

Fluid intervention criteria: In both controlled bleeding low-volume resuscitation scenarios and 
in scenarios of continuing and uncontrolled hemorrhage , sole target of resuscitation with 
HBOC-201 was to achieve and maintain a mean art. pressure of 6 0 m m ~ ~  whereas RESUS 
specifies more (stable 290 mmHg SBP I100 BPM I-IR and no signs of occult shock. 
Monitoring, and ~rognosticators: Although swine were monitored for hemodynamic, clinical 
chrmislry, blood gas, and metabolic status, there was no retrospective tracking of survivors and 
non-survivors to more reliably identify potential prognostic parameters. 
Results: In the 5 models of reduced survival, HBOC-201 at 2-12X RESUS dosage , 
significantly prolonged survival compared to Hex or LR. In these and the 2 non-lethal models, 
cardiac and urinary outputs were typically depressed; systemic1 pulmonary art BP elevated; 
recovery oftissue oxygenation accelerated, and, except in "forced'infi~sion scenarios, 
resuscitation volumes reduced relative to Hex or LR. Where monitored, hepatic lesions were 
consistently encountered, and in a 5 day recovery study, renal and myocardial histopathology as 
well. The safety implications - veterinary or clinical - of the systemic and pulmonary 
vasoconstrictor activity, oliguria. and histopathology - in the context in which they were 
encountered (no pre-existing CV disease; anesthesia; resuscitation to 60 mmHg MAP; excessive 
delay to definitive treatment) - are unclear. What is clear is that when blood pressure and heart 
rate had stabilized and approached targeted values (approx. 30-50 minutes, MBP 260 mmHg, 
and HR .s baseline ) lactate, mixed venous oxygen saturation. tissue oxygenation, base deficit 
and cardiac index and systemic vascular resistance remained abnormal. Accordingly, it is 
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cardinal to rely on other signs of hypoperfusion - as now specified in RESUS - to guide 
resuscitation with this vasoactive product. It is further recommended that HBOC-20 I be tested 
in a monkey model of HS .CV disease, and oxidative stress to perhaps more relevantly predict 
human response to HBOC-201 oxidative processes based on similarity in reductive status (i.e., 
neither species produces ascorbate ). However, it seems that the available surgical patient safety 
data - presumably obtained at dosages at least corresponding to the minimal envisioned for 
RESLIS (1-2 units...'?), and from apopulation likely to have had some pre-existing CV disease, 
should more immediately drive the decision to approve or further modify RESUS protocol. 

Backround: I IHOC-201 ih  a solution of' I3 r I g dl of'ultrcl-purified glutaraldeh)dr-polymerized 
hovinc hemoglobin (Biopurc Corporation. Cambndgc. h1a.j in a modified ringers solution of pH 7.6- 
7.9. Osmolality (290-3 10 mOsm/Kg) is comparable to human plasma, but viscosity is appreciably 
less than that of whole blood (1.3 vs. 3.5 centipoise at 37 " C.). Oncotic pressure is I7 mmHg. 
(slightly less than normal: 20-30 mmHg). Oxygen affinity is less than that for native human 
hemoglobin (P50 of 38mmHg 

Phase I I and 111 trials of HBOC-201 ( BB-IND 12504), which included use in an elective orthopedic 
surger) setting, revealed pressor activity and a statistically significant excess of serious cardio- 
vascular M s :  CVA/TW cerebral ischemidinfarction; MI; and heart failurelpulmonary edema. The 
contexl of these adverse CV events is relevant to considering safety of HBOC-201 tested per RESUS. 
If not known, the relationship, if any of these pen-operative events to the pressor activity; to potential 
risk factors such as history of diabetes, hypertension, or other CV disease; andlor aspects of 
anesthesia or surgical setting (depth of anesthesia; use of muscle relaxants, co-medications; any 
confounding of signs/symptoms of over dosage ) must be identified. Reviewer is unaware whether 
these AEs were acute, delayed, or both and, furthermore, whether they were even dose-related. 
Perhaps both the recognized pressor and pro-oxidative activities of acellular modified hemoglobins 
underlie these AEs in pre-disposed patients. It is my expectation that some RESUS patient-subjects 
will haye in~portant pre-existing cardiovascular disease and atherosclerosis, that 34% of them will not 
survive attempted resuscitation with Lactated Ringer's; and some will undergo very aggressive 
resuscitationlre-perfusion scenarios via up to 10 units (2500 ml) of HBOC-201 -equivalent to 50% 
of their blood volume. 

.A maior issue is the adeauacv of the swine HS model for informing safetv of HBOC-201 given the . , - - 
absence of adverse events in previously healthy swine vs. surgical patients at large (but presumably 
acceptable surgical risks) . As documented below. adverse clinical CV events cited above were not 
encountered either during or following resuscitation of anesthetized pigs with HBOC-201, even at 
appreciable multiples of the clinical dosage and in models of lethal as well as non-lethal HS (although 
histopathology w& observed). Their absence, even at appreciable over dosage in the context of 

- 

simulated uncontrollable hemorrhage (130 mlKg over several hours: see Manning et al, below) calls 
into question prima facie, the utility of swine HS model for predicting peri-resuscitative CV safety. It 
is evident, fiom the behavior described below in previously healthy hydrated swine, that this species 
c.m compensate for acute decreases in hematocrit down to 5% or less. Such levels would cause overt 
circulakxy collapse in humans. Perhaps this species can also better withstand pressor activity? 

.It issue also is whether this model is one of detectable re-perfusion injury, as one might expect a 
j~riori, and any exacerbation by HBOCs. However, 1 did not detect this when I compared 
histopathology in non-reperfused vs. Hex or LR - re-pehsed animals. In vivo models have also 
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implicated IIBOCs as important mediators of injurious reactive oxygen and nitrogen species, 
especially in an ischemia-reperfusion scenario. The degree of micro vascular injury seems to depend 
01; the pro-oxidative nature i f the  HBOC, and can be attenuated with anti-oxidan; such as sodium 
selenite ( Baldwin et al, 200314). Since the swine can produce potentially protective ascorbate, but 
that the rate of its production is attenuated under stress (Wariss, 1984), I paid attention to whether 
ischemia-reperfusion injury was present in these swine models, whether it varied with the severity 
and duration of the hypovolemia and speeddegree to which it was corrected; and whether HBOC- 
201 could exacerbate such if the model revealed reperfusion injury. The three Nav. Med. Res. 
Center. studies comprising protocol KO04-02 (see p. 6 below) were most informative in that regard as 
authors looked at clinical chemistry, histologic, 3-nitrotyosine (asserted to be an i n d i i t  marker for 
free radical - mediated tissue injury) and inflammation marker evidence histopathology. Tissue 3- 
nitrotyosine levels were not elevated after re-perfusion with Hextend or even HBOC-20 1 vs. non- 
reperfused.inon-resuscitated controls. 

General comments pertaining to swine models of HS: 
In common with the RESUS population, the severity of HS present in the swine models addressed 
below ranges from non-lethal insult to uniformly lethal hypoxia and metabolic acidosis absent timely 
restoration of tissue perfusion . However. swine were uniformly healthy and well hydrated prior to 
exsanguinations: and were resuscitated under anesthesia, intubation, and mechanical respiration often 
with 50-100% oxygen;. In those respects ( and that they were arterially monitored to assure an 
accurate blood pressure and blood-gas status) the context in which the muma was suffered and 
treated in all the models described below most obviously contrasts from that of RESUS. The young 
swine in these HS trials presumably have no important pre-existing cardiovascular and metabolic 
diseases (e.g.. local or systemic atherosclerosis, arrhythmias, hypertension, and diabetes). In that 
regard, they differ importantly from those RESUS patients with compromised baseline cardiovascular 
reserve because of natural or acquired CV disease, and expected to be at higher risk of sequelae of 
hypoperfusion of vital organs.. 

In these swine HS models the only veterinary goal - in the fluid resuscitation cohorts - was, typically, 
to restore circulating blood volume sufficient to recover, and maintain, MBP of 60 mmHg. This was 
attempted in the context of either controlled bleeding - where HBOC-201 could be tested at low 
volume to minimize loss/dilution of native hemoglobin and coagulation factors -or catastrophic 
uncon~rolled bleeding mandating forced titration to inform safety and efficacy at multiples of the 
maximum envisioned in RESUS. In none of the 7 studies overviewed was any timely attempt made to 
treat associated lactic acidosis and base deficit abnormality of a severity that, in a trauma center, 
would be treated with bicarbonate - for example, the pH =7.1 and bicarbonate level = 8 mEq/L 
scenario in the unsuccessfully resuscitated Lactated Ringers cohort in the Manning, J. er a1 study 
below. Yes. it simulates resuscitation in a particularly austere environment, but more timely 
interventions could inform propensity of HBOC-201 to provoke the hepatic, myocardial, and renal 
lesions 'fie RESUS protocol is silent on pre-hospital use of bicarbonate although such would be 
envisioned in delayed hospital amval scenarios. 

Swine resu\citation protocols were silent on recognition of, and re-infusion criteria for, signs of any 
persistent h)poperfusion ( "occult " shock) beyond the dogmatic blood pressureheart rate composite 
end-point. Regarding occult shock, RESUS recognizes that persistent hypoperfusion may occur in 
patients despite restoration of stable BP and and need for further fluid reinfusion if signs of HS 
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and hypoperfusion are still present. These include tachypnea , narrow pulse pressure, cool pale skin, 
weak andlor thready pulse, decreased oxygen saturation, oximeter failure to obtain reading, decreased 
capillaq filling, and anuria. Accordingly. RESUS defines the scenarios for continuing resuscitation 
with standard fluids vs. CTM fluids. However the swine HS study protocols are completely silent on 
the necessity to look for and continue treating were evidence of persisting hypoperfusion to be present 
despite having arrived at BP and HR-based stopping points. Relying solely on BP and HR , or blood 
pressure per se stopping criteria - especially in view of the pressor (and reflex bradycardic ) activity 
of HBOC-20 1: and the well-recognized effect of anesthesia on BP and HR - is at variance with the 
directions given in RESUS. 

The clinical, let alone veterinary, safety implications of the positive hepatic (hepatobiliary), renal 
(multiple infarcts). and nlyocardial histopathology findings in several of these studies is not at all clear - 
absent trials involving swine with pre-eGsting fi disease, and trials resuscitating to 90 mmHg SBP 
- rather than exclusively to 60 mmHg Mean Arterial Pressure as in most of the trials reviewed herein. 
These lesions were most numerous in the Fitzpatrick et al study (see p.22) where, it should be 
recognized, they were encountered in the Hex-treated swine as well and at the same incidence. 
Ilowe~er the four pulmonary edema deaths in the Hex -treated cohort suggests the latter group was 
over-resuscitated, which confounds comparing the propensity of HBOC-20 I vs. HEX for provoking 
tissue injury in the course of resuscitation - at least to 60 mmHg MAP. The brain is not listed as one 
of the organs harvested for histopathology; however, the trial reportdpublications are also silent on 
whether macroscopic brain lesions were encountered in any of the trials. 

The inlluence - either salutary or adverse - of isoflurane, the anesthetic state, and the use of 
mechanical respiration on behavior of HBOC-20 1 in these trials is indeterminate absent controls for 
such. In these models where anesthesia-induced apnea necessitated mechanical ventilation, the option 
of tracheal intubation /ventilatory support or signs oUresponse to tachypnea does not ,of course, arise. 
Hypenentilation is the usual compensatory response to acidosis, and that is obviated in the 
mechanically ventilated intervals in the studies visited below. 

lhere are important differences in monitoring vs. RESUS scenarios. Blood pressure was monitored 
directly tiom arterial cannulae in these models, thus obviating the problem, in some HS patients, of 
accurately measuring BP and, especially, avoiding falsely low values. 

These trials of HBOC-201 in HS pigs were, with one exception, silent on incidence, if any, of 
pulmonary edema encountered in - life in the course of initial or definitive resuscitation. Such would 
be a contraindication to further fluid administration, or its more judicious use (volume and /or rate of 
infusion) in RESUS. For example, the Hex-treated cohort in the Fitzpatrick et al trial (seep. 23 ) 
Neither central venous pressure (CVP) nor blood volume were monitored to help objectively inform 
how re-assuring it is to rely exclusively on MBP Mdidigital oximetry profile (or even typical signs 
oi'"occ~11t" shock such as thready pulse; impaired capillary refill; etc.) when resuscitating with a 
"vasoconstrictor " such as HBOC-20 1. On the other hand, pulmonary artery wedge presswe (which 
tc~cks left ventricular diastolic filling pressure) was informatively monitored throughout in some 
studies; it would not necessarily be in RESUS -even in its ICU phase). ECGs evidently were not 
always monitored in HS swine models although, per RESUS, such would be ancillary for diagnosing 
angina. NTSTEMI, SEMI., SEMI. QWMI, and aborted MI) 
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Overview of Porcine Studies: 
[ studies overviewed: 

A.Protoc01 K004-02: [HBOC-201 vs. 6% hetastarch (HEX) vs. no resuscitation fluid in three 
swine models of shock due to controlled bleeding (moderate and severe) with concurrent skeletal 
muscle crush injury) and uncontrolled bleeding with concurrent hepatic injury; and incorporating 
1 hr. delay to definitive medical treatment]. 

Performing laboratory: Naval Medical research Center [Protocol K004-02 is among the most 
comprehensively monitored of the seven studies overviewed, and involved both controlled and 
~~ricontrolled bleeding. Study design is prototypic for that followed, with some variations, in all the 
porcine HS studies reviewed, and, accordingly will be the only one described in some detail]. 

B. Katz, LM et al HBOC-201 improves survival in a swine model of hemorrhagic shock and liver 
injury Resuscitation 54(2002) 77-87)] 

Performing laboratory: Carolina Resuscitation Research Group 

C. Manning, J E  et al Bovine hemoglobin-based oxygen carrier (HBOC-201) for resuscitation of 
uncontrolled , ersanguinating liver injury in swine,. . .. Shock 13(no 2) : 152-1 59,20001 

Performitag laboratory: Carolina Resuscitation Research Group 

D. York et al. Low volume resuscitation with a polymerized bovine hemoglobin-based oxygen 
carrying solution ..... J Trauma: 2003, SS(5): 873-885. 

Performing laboratory: Wilford Hall Medical Center, Lackland AFB. 

E. Fitzpatrick e t  al. Low volume resuscitation with HBOC-201 in a large animal  survival 
model of controlled hemorrhage.  J .  Trauma. 2005;59:273-283. 

Performing laboratory: Wilford Hall Medical Center, Lackland AFB. 

A. Protocol K004-02: Controlled hemorrhagic shock (Moderate and Severe ); and 
uncontrolled hemorrhagic shock 

This study compared HBOC-201 vs. hetastarch (HEX) for emergency fluid resuscitation in 
three anesthetized swine models of lethal HS with concurrent soft tissue damage, each 
incorporating a 4-hour simulated delay to definitive veterinary care: controlled exsanguinations 
of either 40 or 55% of estimated normal blood volume; and a third more lethal HS model of 
severe uncontrolled hemorrhage where mean 1-hr survival is only 50% absent fluid intervention. 
AAer 4 hours of BP or HR criteria -dependent fluid intervention, definitive medical care was 
applied (autologous blood; allogenic packed RBCs for anemia; SAL for hypotension); swine 
were allowed to regain consciousness; monitored to 3 days post-resuscitation; euthanized; gross 
autopsy performed: and tissues harvested for histopathology. There is no mention of monitoring 
for persistent signs of hypoperfusion (e.g., tachypnea) immediately upon recovery from 
anesthcsia. 

tiS induction: An estimated 40% (moderate controlled hemorrhage; MCHS) and 55% (severe 
control led hemorrhage, SCHS) of blood volume was withdrawn, over 15 minutes, to reduce 
mean blood pressures to approx 30 or 20 mmHg, and cardiac index by 39% and 43%, 
respectively. For the uncontrolled HS model (UHS; intended to model resuscitation in combat 
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