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ENHANCING OXYGENATION I. 

-alternatives to packed red blood cells-
he 2ih annual meeting of 
the International Society 
on Oxygen Transport to 

Tissue included a panel titled, 
"Enhancing Oxygenation." The 
panel consisted of scientists from 
companies developing products 
designed to enhance tissue oxy­
genation. The same panelists ac­
cepted an invitation to report on e the clinical pharmacology of their 
respective products in this issue of 
Interface. 

The exciting new therapies for im-

proving oxygen delivery to tis­
sues are - Oxygent™ (a per­
flourocarbon emulsion), RSR13 
(a synthetic allosteric Hb modi­
fier), and Hemopure™/ HBOC-
201 (a bovine Hb-based oxygen 
carrier). 

In the broadest sense, oxygen 
transport to tissues is the ulti­
mate goal in the practice of criti­
cal care medicine: Virtually all 
morbid patients outcomes are as­
sociated with inadequate oxygen 
supply, oxygen demand, or oxy-
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gen utilization within vital tissues 
as a result of disease. 

Unfortunately, transfusing red 
blood cells (RBCs) does not re­
verse many of the pathologic con- f 

ditions associated with ischemia. . 
Storage defects, viscosity effects, 
microvascular hypoperfusion, and 
02 diffusion limitations are among 
the reasons RBCs do not improve 
tissue hypoxia as well as predicted. 

In contrast, the new therapies 
(Oxygent, Hemopure, RSR13) 
appear to get 02 through narrowed 
vessels better than tranfused 
RBCs. Strict indications and con­
tra-indications remain to be de­
fined. However, if these oxygena­
tion therapies indeed prove to be 
effective, monitors will be needed 
to provide clinicians better 
"triggers" for use. Stay tuned. 

-George Blike 
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BIOPURE.S ROOM TEMPERATURE STABLE 
HEMOGLOBIN-BASED OXYGEN CARRIER , 
HEMOPURF (HBOC-201) 

Edw.ard E. Jacobs, MD, Maria S. Gawryl, Ph.D. , and L. Bruce Pearce, Ph.D. 

BlOpure Corporation, 11 Hurley Street, Cambridge Massachusetts 02141 

Introduction 

Hemoglobin-based oxygen carriers 
(HBOC), together with perfluoro­
chemicals, comprise a class of phar­
macologic agents known as oxygen 
therapeutics. The various HBOC for­
mulations involve animal or human 
derived native Hb that has been modi­
fied to make these compounds more 
practical, safe and effective. The ap­
~roach taken by Biopure Corporation 
1S to ultrapurify bovine Hb from a con­
trolled source and to both intra and 
intermolecularly cross-link the Hb 
molecules to produce Hb polymers in 
P?ysiologic buffer with a highly con­
sIstent and defined character. Bio­
pure produces two room temperature 
stable formulations; (1) Oxyglobin 
(HBOC-30l), the HBOC approved for 
veterinary use by the FDA in 1998 and 
the European Union in 1999 and (2) 
Hemopure, the HBOC intend for hu­
~an use. Hemopure is being evaluated 
m a multinational phase III clinical 
trial. 

The pharmacology of these formula­
tions is defmed by a complex combi­
nation of effects on the rheology of 
blood and the efficiency of oxygen 
transport. The primary pharmacody­
namic effects ofHemopure, however, 
are associated with oxygen transpOli 
from the lung to the tissues. He­
mopure improves oxygenation by en­
hancing both convective and diffusive 
oxygen transport as depicted in Figure 
1 (animated at web site: http ://www. 
biopure.com/education/animations home. 
htm) . Convective transport ref~rs to 
the movement of oxygen-laden Hb in 
blood, and in the case of Hemopure, 
can be achieved in three ways. First, 
Hemopure acts as a plasma volume 
expander, promoting tissue and organ 
perfusion. Second, the microvascular 
rheology of Hemopure contributes to 
increased flow to and thus oxygena­
tion of tissues by reducing viscosity 
during hemodilution (viscosity of He­
mopure = 1.3 vs 3.8 centipoise for 
blood at 37°C). Hemodilution to he­
matocrits as low as 15% has been sua -b 

gested to be optimal in the cerebral 
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microcirculation (Hudetz et al., 
1999). Third, the distribution of 
Hemopure present in plasma is not 
limited by the normal microcircula-

(Col1lil7ued 0 17 page 3) 
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tory mechanisms that prioritize RBC 
flux in capillary networks. While 
mammals have evolved elegant 
mechanisms for conserving and con­
trolling oxygen delivery to the 
body's tissues, the perfusion of capil­
laries by plasma containing HBOC is 
relatively insensitive to these mecha­
nisms. Accordingly, infusion of 
even a small amount of Hemopure 
can produce an increase in the 
amount of oxygen carrying Hb that 
enters all capillary beds regardless of 
the RBC distribution. The latter 
may be important in disease and tis­
sue injury where mal-distribution of 
RBCs may be associated with focal 
or regional hypoxia. 

• The diffusive component of oxygen 
,. transport, specifically the flux of 

oxygen into and out of blood, is sig­
nificantly altered by Hemopure. 
There are two mechanisms by which 
Hemopure modifies diffusive oxygen 
transport. The lower affinity of He­
mopure (P so = 38 mmHg vs 27 
mmHg for RBC Hb) increases the 
tendency to off-load oxygen to tis­
sues compared to native RBC Hb. 
The most significant effect on the 
diffusive component of oxygen 
transport results from the presence of 
Hemopure in the plasma. Oxygen is 
sparingly soluble in plasma and thus 
the plasma acts as a banier limiting 
the transfer of oxygen from RBC Hb 
to the tissues. The distribution of 
Hemopure in the plasma phase ap­
pears to decrease the magnitude of 
this resistance by facilitating the 
transfer of oxygen from RBC Hb to 
the tissues. Accordingly, both mod­
eling of oxygen fluxes and the obser-t ,:vation of oxygen fluxes in in vitro 
studIes suggest that Biopure's HBOC 
solutions transport oxygen more effi-

ciently than red blood cells, and when . 
added to RBCs can also increase the 
efficiency of red blood cell oxygen 
transport. Data from direct rnicroelec­
trode measurement of tissue oxygen 
tensions in dogs suggest that He­
mopure is 3 times more potent than 
RBCs in restoring tissue oxygenation 
under severe hypoxic conditions. 

More than 150 preclinical studies that 
were cmcial to the development of 
new formulations have been per­
fonned on Biopure's fOlmulations of 
bovine Hb. These studies defined the 
toxicity and pharmacology of these 
formulations as required by regulatory 
agencies and explored their potential 
medical applications. The latter re­
mains an exciting and ongoing area of 
laboratory investigation. 

Since 1992, Biopure's HBOC formu­
lations have been tested in 20 clinical 
trials of which 19 are complete and in 
which more than 600 subjects have 
received Hemopure in various dosing 
regimens. The earliest Phase I clinical 
trials performed with Hemopure in­
vestigated the effects of this HBOC in 
normal volunteers. In these studies, 
the pharmacokinetics of Hemopure 
and the effects of this oxygen carrier 
on exercise perfOlmance were exam­
ined. Hughes et a1. 9 studied the effect 
of autologous blood transfusion com­
pared to transfusion with Hemopure 
on exercise performance in a bicycle 
exercise stress test. Prior to hemodi­
lution, perfom1ance was evaluated at 
the anaerobic threshold and pulmo­
nary diffusing capacity was estimated 
using the single breath carbon monox­
ide tec1mique. In this double cross­
over trial normal volunteers were then 
hemodiluted by removing 15% of 
their estimated blood volume and re­
stOling nonnal volume with lactated 
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Ringer's solution. Hemodiltuion was 
followed by either autologous blood 
transfusion or infusion ofHemopure, 
and retesting of exercise perfOlmance. 
The results of these studies showed 
that infusion of 45g Hb in the form of 
Hemopure resulted in the equivalent 
exercise performance and pulmonary 
diffusing capacity as observed with 
150g Hb added as RBCs. This appar­
ent 1:3 ratio is similar to the differ­
ence in potency repOlied by StandI et 
al. 7 in dogs where tissue oxygenation 
was measured directly. 

Although the relative potency of the 
Hemopure and RBCs was not specifi­
cally compared in more recent clinical 
studies , the results of these studies 

(Col/til/ ued 01/ page 4) 
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Table 1. Elimination of Allogeneic Transfusion in Surgery 

Efficacy 

Patients requiring no RBC 
units at follow-up 

Safety 

Mortality Rate 
(HBOC-20 1 vs control) 

Serious Adverse Events 
(HBOC-201 vs control) 

Hemopure 
(Continued Fom page 3) 

Cardiac Surgery 

34% 

2%* vs 0% 

30% vs 31% 

(2):505-509. 

Aortic Reconstruction Non-cardiac Surgery 

27% 43% 

J , 

6% vs 8% 7% vs 7% 

38% vs 38% 29% vs 26% 

Greim, C, Freitag, M, Freitag, U. Bovine 
haemoglobin is more potent than autolo­
gous red blood cells in restoring muscular 
tissue oxygenation after profound Isovolae­
mic haemodilution in dogs. Can. J Anesth. 

a 

• 

presented in Table 1. show that in 
postoperative and peri operative 
settings, including cardiopulmon­
ary bypass, abdominal aOliic re­
construction, and noncardiac sur­
gery, that Hemopure can com­
pletely eliminate the need for al­
logenic blood transfusion in 34,27, 
and 43% of subjects, respectively.' 
These three studies in combination 
with the other clinical trials dem­
onstrated that this oxygen thera­
peutic is well tolerated under a va­
riety of circumstances . Biopure 
expects to complete its Phase III 
pivotal trial studying the periopera­
tive application of Hemopure and 
initiate Phase I and II clinical trials 
in new indications during 2000. 
These additional trials will explore 
the ability of Hemopure to enhance 
tumor oxygenation and radiation 
therapy in cancer patients and will 
investigate the role of Hemopure 's 
in the treatment of trauma patients. 
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PROGRESS IN THE DEVELOPMENT OF Oxygent 
AN INTRAVENOUS OXYGEN CARRIER FOR USE IN 

ELECTIVE SURGERY 

Peter E. Keipert, Ph.D. 

Alliance Pharmaceutical Corp., 3040 Science Park Road, 
San Diego, CA 92121 

Background: 

Perfluorocarbon (PFC) emulsions 
were first developed over 30 years 
ago, due to their unique physical and 
chemical properties which make 
them ideal temporary intravenous 
oxygen carriers for clinical indica­
tions where tissues may be at risk of 
inadequate oxygenation. Alliance 
Pharmaceutical Corp. is presently 
developing Oxygent™; a concentrated 
60% w/v emulsion based on perflub­
ro n (peifluorooctyl bromide; 

• 
'1~8F 17Br), which has an initial me­

. ",,"dian particle diameter of 0.16-0.1 8 
).lm and is expected to have a shelf-
life of up to 2 years when stored at 
2°C to 8°C . Each 1l0-mL unit of 
Oxygent is supplied as a sterilized, 
ready-for-use product intended for i. 
v. administration in the acute hospi­
tal setting. 

Preclinical efficacy: 

Several non clinical efficacy studies 
have been conducted and have dem­
onstrated that: (1) Oxygent can sup­
port tissue oxygenation, (2) the oxy­
gen delivered by Oxygent is available 
to support metabolic processes at the 
tissue level, and (3) this improved 
oxygenation status can translate into 
improved organ function. I An open 
chest canine model of cardiac ische­
mia using Oxygent-supplemented car­
dioplegia solution has shown a direct 
benefit on overall myocardial oxy­
genation, tissue metabolic status, and 
functional recovery after cardioplegic 
arrest. Studies addressing cerebral 
tissue oxygenation and cerebral func­
tion demonstrated that Oxygent may 
be useful as an anti-hypoxic agent 
during cardiopulmonary bypass 
(CPB), which has the potential to 
cause temporary reductions in cere-

bral blood ~ow. Studies in canine 
CPB models have shown that sys­
temic and myocardial oxygenation, 
myocardial function recovery, and 
survival following CPB can be en­
hanced by adding Oxygent to the by­
pass circuit. 

Most relevant to Alliance's current 
clinical indication are several studies 
using canine hemodilution models 
designed to mimic acute surgical 
anemia and blood loss. To correlate 
the characteristic PFC-induced in­
creases in blood oxygenation levels 
(P02) with changes in tissue oxy­
genation, these studies employed 
polarographic P02 electrodes to 
monitor tissue P02 in hemi, brain, 
muscle, gut, and liver. Results dem­
onstrated that improvements in tis­
sue P02 in the Oxygent-treated ani­
mals correlated with the observed 
increases in oxygenation of mixed 
venous blood. Moreover, a 1.8 g/kg 
dose of Oxygent was as effective as 
autologous blood transfusion in pro­
tecting tissue oxygenation during 
volume-compensated blood loss to 
profound levels of anemia, and was 
able to maintain better myocardial 
function (as evidenced by improved 
left ventricular contractility).2 Col­
lectively, these nonclinical efficacy 
studies have confirmed that Oxygent 
can prevent tissue hypoxia and can 
preserve myocardial and cerebral 
function. 

(Col1lillued on page 6) 



Oxygent 
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Clinical Indication: 

Alliance's objective to first pursue a 
transfusion-reduction indication is 
based on the fact that patients and 
physicians are seeking alternatives to 
allogeneic blood transfusion. While 
disease transmission risks are well 
known and represent the primary rea­
son that patients fear blood transfu­
sions, the availability of donor blood 
has emerged recently as an equal 
concern. This appears to be due to a 
decreasing donor pool (aging popula­
tion), and an increasing demand for 
blood for major surgical procedures · 
in older patients . Another concern is 

Alliance's objective to 
first pursue a trarrsfu­
sion-reduction indica­
tion is based on the 
fact that patients and 
physicians are seeking 
alternatives to alloge­
neic blood transfusion. 

related to the apparent immunosup­
pressive effects of blood transfusion. 
Hence, there is a renewed interest 
and urgency in developing alterna­
tives to allogeneic transfusion, espe­
cially for surgical procedures, which 
account for ~ 65% of blood usage. A 
significant reduction in the demand 
for blood in this area would help to 
alleviate the stress on the blood sup­
ply, as well as to reduce the risk of 
transfusion for surgical patients . 

Figure 1. 
Augmented-ANH method using Oxygent as a temporary oxygen carrier. 

Autologous blood strategies, such as 
preoperative donation, intraoperative 
salvage, and acute nonnovolemic hemo­
dilution (ANH; often called intraopera­
tive autologous donation [lAD] in car­
diac surgery) all have certain limitations 
(i.e. , either complex logistics, cost, ancIJ 
or safety constraints). A better ap­
proach may be to combine the benefits 
of ANH or IAD with the use of a tem­
porary oxygen carrier, a technique cur­
rently termed Augmented-ANH™ 
(A_ANH™). This allows the physician 
to collect more fresh autologous blood 
at the time of surgery (more red cells 
available for later reinfusion), and to 
enhance oxygen delivery with an oxy­
gen carrier during surgical blood loss to 
temporarily compensate for the addi­
tional ANH-induced anemia (see Fig. 
1). Several potential advantages of em­
ploying A-ANH with Oxygent include: 
1) reducing or eliminating allogeneic 
transfusions (since fewer red cells are 
lost during surgical bleeding) , 
2) providing fresh whole blood with 
functional platelets and clotting factors, 
3) improving safety by decreasing the 
risk of clerical error, bacterial contami­
nation and immune suppression, and 
4) reducing the demand on the limited 
supply of allogeneic blood. 

Clinical Studies: 

Completed Phase 1 and Phase 2 
clinical studies with Oxygent have 
enrolled a total of 540 subjects. 
Of these, 340 were randomized to 
receive Oxygent, 65 received a 
unit of autologous blood, and 135 
were-· volume-matChed crystalloid 
or colloid controls. The safety 
profile for Oxygent has been care­
fully assessed in several clinical 
studies involving healthy volun­
teers (4 studies), cancer patients (6 
studies) and surgical patients (2 
studies). Collectively, these stud­
ies showed that Oxygent was well 
tolerated with no serious adverse 
events related to drug treatment. 

Five Phase 2 studies with Oxygent 
have been completed: these in­
clude two large Phase 2b studies 
in general surgery (n = 246 ortho­
pedic, urologic, and gynecologic 
patients), and three smaller Phase 
2a studies in cardiac surgery 
(n = 81 patients undergoing coro­
nary artery bypass grafting 
[CABG] procedures with CPB). 
In all five studies, in which 160 
patients were PFC-treated, Oxy-
gent was well tolerated with a II 
,good safety profile. These studies 

(Col1lil1ued 011 page 10) 
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ALLOSTERIC MODIFICATION OF 1- HEMOGLOBIN BY RSR13 AS A STRATEGY 
TO ENHANCE TISSUE OXYGENATION 

Robert P. Steffen, Ph.D. 
Director, Pharmacology and Toxicology, Allos Therapeutics, Inc. 

Denver, CO 

RSR13,2-[4-[[(3 ,5-Dimethylanilino) 
carbonylJmethylJphenoxy J-2-
methylpropionic acid sodium salt (MW 
363) (Figure 1), is a synthetic allosteric 
modifier of hemoglobin (Hb) . RSR13 
noncovalently binds in the central wa­
ter cavity of the hemoglobin tetramer 
reducing hemoglobin-oxygen affinity 
[lJ , described by an increase in p50 
(P02 for 50% Hb saturation), and en­
hances the diffusion of oxygen from 
the blood to the tissues [2, 3, 4]. 
RSR13 emulates the function of natu­
ral allosteric modifiers such as hydro­
gen ions, carbon dioxide, and 2,3-

(_diphosphoglycerate. By enhan~in.g the 
release of oxygen from hemoglobm, 
RSR13 is the first of a new class of 
pharmaceutical agents to improve 
clinical conditions characterized by tis­
sue hypoxia due to: 1) inadequate 
blood flow (regional or global) , 2) in­
sufficient oxygen carrying capacity (e. 
g., hemorrhage or dilutional anemia), 
3) increased tissue oxygen demand un­
matched by supply (e.g., myocardial 
ischemia), and/or 4) insufficient oxy­
gen loading/unloading capacity of he­
moglobin (e.g. , hypothermia). 

RSR13 has completed and is currently 
undergoing a number of animal studies 
and human clinical trials designed to 
evaluate the potential clinical utility of 
this agent in several clinical indications 
characterized by tissue hypoxia, in­
cluding radio enhancement in oncology, 
ischemic coronary artery disease, and 
surgery/critical care. 

Radioenhancement 

Radiation therapy is the principle 
non-surgical means to achieve local 
control of cancer, with tumor oxy­
genation playing an important role in 
the efficacy of radiation therapy. 
Hypoxic tumor cells are an important 
cause of radiation treatment failure 
because of their relative resistance to 
cell damage by radiation [5]. Tumor 
hypoxia adversely affects the clinical 
prognosis of radiation therapy. Oxy­
gen measurements in human tumors 
have confim1ed tumor hypoxia in 
squamous cell carcinomas of the 
uterine cervix and head and neck, 
glioblastoma multifom1e, breast car­
cinoma, and brain metastases. Be­
cause hypoxic cells are substantially 
more resistant to radiation than oxy­
genated cells, even small hypoxic 
fractions in a tumor may affect over­
all response of the tumor to radiation 
by increasing the probability that 
some tumor cells will survive radia­
tion treatment. 

o o 
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Animal pham1acology studies have 
shown that RSR13 dose­
dependently increases blood p50 
[3, 6, 7J, increases p02 in non­
tumor tissue [3,8,9], and increases 
oxygen diffusive transport [4] in 
non-tumor tissue. In animals bear­
ing mammary tumors, tumor p02 
was measured using Eppendorf his­
tograms witp tumor hypoxic frac­
tion expressed as the percentage of 
readings less than or equal to 5 
mmHg. In this model, RSR13 (150 
ma/k a) decreased the tumor hy-

/:> /:> 

poxic fraction from a control of 
36% to 0%, 30 minutes after 
RSR13 dosing and increased tumor 
oxygenation [2]. In a mouse model 
with subcutaneous lung tumors, 
RSR13 dose-dependently en-
hanced the efficacy of fractionated 
radiation therapy, measured as an 
enhancement of tumor growth de­
lay, by 22%, 40%, and 69% at 50 
mg/kg, 100 mg/kg, and 200 mg/kg'. _ _ 
respeCtively. In additional studies, 
in animals bearing FSaII fibrosar­
comas or squamous cell carcino­
mas[21], or mammary tumors [22J , 
RSR13 decreased tumor cell sur­
vival following fractionated radia­
tion. The radio enhancement effect 
ofRSR13 was shown to be oxygen 
dependent [22] , with no direct cy­
totoxic effect on the tumor, bone 
marrow [2,22J, or skin [22]. 

o 
• Figure 1. Chemical structure ofRSR13 Sodiwn . 

(Colltillued 0 11 page 8) 
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RSR13 
(Continued from page 7) 

The radio enhancement effect of 
RSR13 is not dependent on its entry 
into the tumor. The effect ofRSR13 
on hemoglobin in the red blood cell to 
enhance oxygen release from hemo­
globin and the diffusion of that oxy­
gen from plasma and the vascular 
compartment to the hypoxic tumor 
cells is the basis for the radioenhance­
ment effect ofRSR13 . The fact that 
RSR13 does not have to enter the can­
cer cell to increase the radiosensitivity 
of the cancer cells, is an important 
differentiation between RSR13 and 
earlier pharmacologic attempts to im­
prove the efficacy of radiotherapy. 
This is especially important in the set­
ting of primary or metastatic brain tu­
mors, where the blood brain barrier 
acts to exclude or impede the entry of 
chemical agents into the brain paren­
chyma. 

Clinical trials were initiated with 
RSR13 based on its mechanism of ac­
tion, its ability to enhance the efficacy 
of radiotherapy in animal models, and 
its preclinical safety profile. RSR13 
has successfully completed a Phase Ia 
clinical trial in healthy volunteers 
[10] , Phase Ib dose-escalation safety 
studies in patients with brain metasta­
ses requiring palliative radiation ther­
apy [11] or primary brain cancer 
(glioblastoma multiforme, GBM) [12] 
undergoing radiation therapy for their 
cancers. Results have demonstrated 
encouraging response data and im­
proved survival trends in both patient 
populations. 

In collabonition with the Ncr's New 
Approaches to Brain Tumor Therapy 
(NABTT) CNS Consortium, a 50-
patient Phase II clinical trial with 
RSR13 in conjunction with radiother­
apy in patients with GBM was com-

pleted. Preliminary analysis of the 
Kaplan-Meier survival-curve analysis 
of the Phase I GBM-patients com­
bined with interim Phase II GBM pa­
tients treated with RSR13 in conjunc­
tion with standard radiation therapy 
shows that RSR13 treatment signifi­
cantly increases median survival com­
pared to the NABTT historical control 
database. 

By enhancing the re­
lease of oxygen from 
hemoglobin, RSR13 is 
the first of a new class 
of pharmaceutical 

Improve agents to 
clinical conditions 
characterized by tissue 
hypoxia 
'" .-~,- ',- .r ."__ f'_ 

Ischemic Coronary Artery Disease 
and Surgical Hypoxia 

Myocardial hypoxia occurs as the re­
sult of an imbalance of oxygen supply 
to demand, predominantly due to 
ischemia. Conventional treatment for 
ischemia-mediated myocardial hy­
poxia is to increase coronary blood 
flow or decrease myocardial oxygen 
demand. By increasing the release of 
oxygen from hemo globin, RSR13 
may provide and alternate means of 
reducing myocardial hypoxia. Previ­
ous studies assessed the effect of 
RSR13 on cardiac function and me­
tabolism in animal models of low 
coronary perfusion pressure and low 
blood flow myocardial ischemia. Us­
ing a rat isolated-heali model under 
normothermic conditions, Woods [13J 
reported that RSR13 attenuated the 
ischemia-induced decrease in high­
energy phosphates, adenosine triphos-
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phate, and myocardial creatine phos­
phate. In an open-chest canine I, 
model of myocardial ischemia, 
Weiss [14] showed that myocardial 
high-energy phosphates, pH, and 
fractional shortening were preserved 
with RSR13, given prior to or fol-
lowing ischemia. Pagel [7] pub-
lished data demonstrating that 
RSR13 dose-dependently enhanced 
the recovery of ischemic bed left 
ventricular segment shortening 
throughout reperfusion compared to 
vehicle-treated animals in a model of 
coronary artery occlusion- and reper­
fusion-induced myocardial stunning 
without affecting function of the 
non-ischemic circumflex perfused 
region. In the RSR13-treated ani-
mals, the improvement in myocardial 
contractile function was significantly 
and positively correlated to the in-
crease in p50. 

Significant myocardial and cerebral 
ischemia may occur in the setting of 
cardiopulmonary bypass (CPB) sur-:. , 
gery. Avoiding ischemic injury dur-
ing cardiac surgery is dependent on 
supplying sufficient energy to meet 
metabolic needs. Although standard 
clinical cardioplegia and hypother-
mia provide myocardial protection 
during surgically-induced ischemia 
for cardiac surgery, perioperative in­
farction, stunning, and poor postop­
erative ventricular function remain 
significant problems in CPB surgery, 
especially in high risk patients. Cold 
cardioplegia has been shown to re­
duce myocardial energy demand by 
95%. However, energy-dependent 
maintenance of basal cellular me­
tabolism, lOmc equilibrium, and 
membrane integrity is required. Hy­
pothermia not only impairs glycoLy-
sis and energy utilization, it reduces 
oxygen delivery by increasing oxy-
gen binding affinity of hemoglobin. 
In human whole blood, RSR13 re­
verses hypothermia-mediated 111- , 

(Continued on page 9) 
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crease in hemoglobin oxygen binding 
affmity [15]. In a dog model of hypo­
thermic blood cardioplegia following 
normothermic cardiac ischemia, 
RSR13-supplemented blood cardio­
plegia significantly improved myocar­
dial mechanical function compared to 
blood cardioplegia alone measured by 
% return to normal sinus rhythm 
(100% vs 0%), % of baseline +dP/dt 
(76 .3±1.9 vs 33.7±1.7) and -dP/dt 
(81.1±1.6 vs 26.6±2.0), stroke volume 
(7.1±0.9 vs3.5±0.5rnL), cardiac out­
put (880±40.3 vs 340±20 mLimin), 
and LVEDP (0.3±2.9 vs 
11.3±2.2mmHg). illdices of myocar­
dial oxidative metabolic function, in­
cluding myocardial lactate, pyruvate, 
and ATP content, were similarly im-

e:roved in the RSR13-supplemented 
blood cardioplegia group compared to 
the non-supplemented blood cardio­
plegia group and myocardial and en­
dothelium morphology appeared bet­
ter preserved in the RSRI3-
supp lemented cardioplegia group 
compared to blood cardioplegia alone 
[16]. 

Based on the improvement in myocar­
dial fu~ction, oxidative metabolism, 
and evidence of myocyte and endo­
thelial preservation in models of myo­
cardial ischemia, a 30-patient clinical 
trial with RSR13 in low-risk patients 
undergoing CPB for first time coro­
nary artery bypass graft surgery was 
successfully completed. This ran­
domized double-blind, placebo­
controlled study demonstrated that 
RSRl3 could be safely administered 
and provided evidence that patients 
receiving RSR13 had improved post-

6urgicaloutcomes. Cardiac function 
-tended to be improved in the RSRI3-

treated patients, supported by im-

proved stroke volume and cardiac out­
put. There was a general trend in the 
RSR13-treated group for less pe­
rioperative packed red blood cell use 
in the RSR13 treated group compared 
to the placebo treated patients and re­
duced hospital stay in the RSR13 
treated group. 

Cerebral Ischemia and Stroke 

During focal cerebral ischemia, the 
magnitude of the infarct size is 
thought to depend, at least in part, on 
the physiologic changes within the 
cerebral penumbra where blood flow 
is marginal. During the cerebral 
ischemia and early reperfusion, epi­
sodes of depolarization and tissue hy­
poxia occur, contribution to infarct 
expansion. By increasing oxygen 
availability by increasing release of 
oxygen from hemoglobin, RSR13 
may attenuate neuronal damage sec­
ondary to cerebral ischemia. 

The effect ofRSR13 to limit cerebral " 
infarct size under normothemuc con­
ditions has been reported. Ischemia­
induced cerebral hypoxia was 
achieved in a cat model by permanent 
middle cerebral artery occlusion [17]. 
RSR13 treatment was associated with 
a significantly smaller cerebral infarct 
size compared to that in vehicle­
treated animals, with a significant in­
verse relationship between the in­
crease in p50 by RSR13 and the re­
duction in cerebral infarct size. Con­
sistent with the effect in focal ische­
mia, RSR13 reduced hippocampal 
CAl neuronal cell death by 28% fol­
lowing incomplete global cerebral 
ischemia in rats [1 8]. 

During and after cerebral ischemia, in 
addition to being hypoxic, the penum­
bral area is characterized by an excess 
of alutamate release, a neurotoxic b 

neurotransmitter. Inhibition of gluta-
mate neurotoxicity by the N-methyl­
D-aspartate receptor antagonist dizo­
cilpine has been shown to reduce 
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brain damage following focal cere­
bral ischemia. RSRl3 was evaluated 
in the setting of focal cerebral artery 
occlusion and reperfusion in combi­
nation with dizocilpine. The combi­
nation treatment was shown to de­
crease cerebral infarct size better 
than dizocilpine alone, when given 
prior to ischemic insult [19] or after 
the ischemic insult at the time of 
reperfusion [20]. In fact, post­
ischemic treatment with RSR13 and 
dizocilpine also was shown not only 
to reduce cerebral infarct size, but 
also to significantly improve neuro­
logical outcome, compared to dizo­
cilpine alone [20]. 

Summary 

By enhancing the unloading of oxy­
gen from hemoglobin, RSR13 repre­
sents a new therapeutic strategy to 
affect multiple clinical conditions in 
which tissue hypoxia plays a central 
role. RSR13 may improve the out­
con,;,eof conditions caused by tissue 
hypoxia due to: 1) inadequate blood 
flow (regional or global), 2) insuffi­
cient oxygen carrying capacity (e.g., 
hemorrhage or dilutional anemia), 3) 
increased tissue oxygen demand un­
matched by supply (e.g., myocardial 
ischemia), and/or 4) insufficient oxy­
gen loading/unloading capacity of 
hemoglobin (e.g., hypothermia) . Ad­
ditional phase III clinical trials will 
evaluate the efficacy of RSR13 in 
these clinical indications . 
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also demonstrated drug activity in 
tenns of rapidly enhancing systemic 
and cerebral oxygenation status, re­
versing physiological "transfusion 
triggers" (i .e., the 'physiological pa­
rameters indicating the need for a 
blood transfusion),3 and potentially 
reducing the need for allogeneic blood 
when combined with autologous 
blood collection. Phase 2a studies in 

. cardiac surgery patients have demon­
strated several potential benefits of 
using Oxygent during CPB. Oxygent 
enhanced both systemic and cerebral 
oxygenation status during bypass­
induced anemia, and also decreased 
the incidence of intraoperative 
physiological transfusion triggers. 
With more aggressive pre-bypass 
autologous blood harvesting, the use 
of Oxygent demonstrated the potential 
to reduce the requirements for alloge­
neic blood transfusion. 

Two multicenter, pivotal Phase 3 
studies are cun-ently underway. The 
first is a European study in noncardiac 
elective surgery and is targeted to en­
roll ~ 480 subjects at 30 centers in 8 
countries. The second is a U.S. study 
involving cardiac surgery patients un­
dergoing CABG procedures on CPB 
and is targeted to enroll ~ 600 sub­
jects at 40 sites. Both studies will fo­
cus on demonstrating that A-ANH 
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RSR13, a novel radioenhancer, in 
newly diagnosed glioblastoma multi- .~ 
forme. J Clin Onco11999; 17: 2593-
2603. 

13. Woods JA, Storey CJ, Babcock EE, 
Malloy CR. Right-shifting the oxyhe­
moglobin dissociation curve with 
RSR13: effects on high-energy phos­
phates and myocardial recovery after 
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; . 

with Oxygent is a safe and effective 
method to reduce and eliminate the 
need for allogeneic blood in elective 
surgery patients. 
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